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Epidemiologie der LE
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Von den Todesféllen versterben rund 34% der Patienten innerhalb weniger Stunden nach Symptombeginn,
ohne das eine zielgerichtete Therapie begonnen werden konnte.
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Klassifikation der Lungenembolie

Category

Features

Low risk

No RV strain

Hemodynamically stable

Intermediate risk

RV strain

Hemodynamically stable

High risk, fulminate

RV strain
Hemodynamically unstable
21 of the following:
SBP <90 mmHg for 15 min
Drop of >40 mmHg from baseline SBP
Vasopressor support
MCS

Cardiac arrest

Severe (refractory) hemodynamic instability

MCS indicates mechanical circulatory support; PE, pulmonary embolism; RV,
right ventricular; and SBP, systolic blood pressure.

RV strain is defined as an RV:left ventricle ratio on computed tomography or
transthoracic echocardiography >0.9 or elevated cardiac biomarkers (troponin
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or BNP [brain natriuretic peptide]).

Goldberg JB, Giri J, Kobayashi T, Ruel M, Mittnacht AJC, Rivera-
Lebron B, DeAnda A Jr, Moriarty JM, MacGillivray TE. Surgical
Management and Mechanical Circulatory Support in High-Risk
Pulmonary Embolisms: Historical Context, Current Status, and
Future Directions: A Scientific Statement From the American Heart
Association. Circulation. 2023 Feb 28;147(9):e628-e647. doi:
10.1161/CIR.0000000000001117. Epub 2023 Jan 23. PMID:
36688837.
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Klassifikation der Lungenembolie
[ooogory  [Fomres ]

Low risk No RV strain
Hemodynamically stable
Intermediate risk RV strain
_—__ | Hemodynamically staﬂ\
=
High risk, fulminate RV strain T
Hemodynamically unstable

=1 of the following:

SBP <90 mmHg for 15 min B . . )
Goldberg JB, Giri §, Kobayashi T, Ruel M, Mittnacht AJC, Rivera-
Drop of >40 mmHg from baseline SBP Lebron B, DeAndaJA Jr, Moriarty JM, MacGillivray TE. Surgical
Management and/Mechanical Circulatory Support in High-Risk
Pulmonary Embglisms: Historical Context, Current Status, and

Vasopressor support
MCS

Cardiac arrest . CIR.0000000000001117. Epub 2023 Jan 23. PMID:
~ Severe (refractory) hemodynamic |n3tab||ﬂ/

MCS indicates G 3 2 onary embolism; RV,

right ventricular; and SBP, systolic blood pressure.
RV strain is defined as an RV:left ventricle ratio on computed tomography or
. transthoracic echocardiography 0.9 or elevated cardiac biomarkers (troponin
rich  or BNP [brain natriuretic peptide]).
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Verteilung und Outcome

Percentage (%)

Percentage (%)

" 10/12-3/13 4/13-9/13 10/13-3/14 4/14-9/14 10/14-3A5 7-d Mortality 30-d Mortality

|l Low Risk PE [ Submassive PE [0 Massive PE M Low Risk PE W Submassive PE [ Massive PE

Kabrhel C, Rosovsky R, Channick R, Jaff MR, Weinberg I, Sundt T, Dudzinski DM, Rodriguez-Lopez J, Parry BA, Harshbarger S,
Chang Y, Rosenfield K. A Multidisciplinary Pulmonary Embolism Response Team: Initial 30-Month Experience With a Novel Approach
to Delivery of Care to Patients With Submassive and Massive Pulmonary Embolism. Chest. 2016 Aug;150(2):384-93. doi:
10.1016/j.chest.2016.03.011. Epub 2016 Mar 19. PMID: 27006156. 3 ——
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Hamodynamischer Effekt

Normal RV and LV

1 RV Pressure Volume Overload
1 RV Dilation (1RV:LV Ratio)

1 RV Ischemia

| RV Contractility

| Transpulmonary Flow

| LV Preload

Goldberg JB, Giri J, Kohayasth Ruel M, Mittnacht AJC, Rivera-Lebron B, DeAnda A Jr, Moriarty JM, MacGillivray TE. Surgical
and

'y Supportin High-Risk Pulmonary Embolisms: Historical Context, Current Status, and Future

Directions: A Sclentmc Statement From the American Heart Association. Circulation. 2023 Feb 28;147(9):628-e647. doi:

10.1161/CIR.0000000000001117. Epub 2023 Jan 23. PMID: 36688837.
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Der Circulus vitiosus der LE

Erhohte RV-Nachlast®

RV-Dilatation

TV-Insuffizienz
\\ RV-Wand-
. spannung

. Neurohormonale
Aktivierung

Obstruktiver
Schock

/ RV-0,-Bedarf T
y

Intrapulmonaler
AV-Shunt

RV-Ischdmie,

RV-Auswurf Y - e B
RV-KontraktiIit§t¢ Rypoxache SCHidang

us ‘;;::;’;'.},‘.':; AV = arteriovenss; 0: = Sauerstoff; TV = Trikuspidalklappe (tricuspid valve)

" Chirurgische Therapieansiatze

Friedrich Trendelenburg: ) L4Inflow Occlusion” Technik

21.04.1908: Uber die operative Behandlung der
Embolie der Lungenarterien (37. Tagung
der Deutschen Gesellschaft fur Chirurgie).
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Dalen JE. Pulmonary embolism: what have we learned since Virchow? Natural history,
pathophysiology, and diagnosis. Chest. 2002 Oct;122(4):1440-56. doi:
10.1378/chest.122.4.1440. PMID: 12377877.

» 87% Mortalitat

» Zwischen 1908 und 1954 nur 12
dokumentieret Uberlebende

John Gibbon Jr.1903 — 1973
+ 06.05.1953 erster erfolgreicher Einsatz der

HLM
" + 1961: Denton Cooley/ erste erfolgreiche chir.
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1 RV Pressure Volume Overload
+ RV Dilation (1RV:LV Ratio)

1 RV Ischemia

| RV Contractility

| Transpulmonary Flow

| LV Preload

| RV Pressure Volume Overload
| RV Dilation (] RV:LV Ratio)

| RV Ischemia

1 Systemic Perfusion

Cardiopulmonary Bypass
VA-ECMO

Goldberg JB, Giri J, Kobayashi T, Ruel M, Mittnacht AJC, Rivera-Lebron B, DeAnda A Jr, Moriarty JM,

illi TE. Surgical and Circulatory Support in High-Risk Pulmonary Embolisms: Historical
ion. 2023 Feb 28;147(9):e628-e647. doi: 10.1161/CIR.0000000000001117. Epub 2023 Jan 23. PMID:

Heart iation. Ci

Context, Current Status, and Future Directions: A Scientific
36688837.

USZ o

USZ iz

From the

Stadtspital Zigich

== Systemic Thrombolysis
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2009 2010 2011 2012 2013 2014 2015
Year
Variable All patients (n - 2709) Survivors (n ~ 1972) Operative mortality (n - 737) P value*
Teachung hosputal 199272709 (73.5) S2VTIT (T1.0) 43
Urban location 26302709 (97.1) IWTYT (4.7 o8
Hosputal size 4
Semall TITI09 (2.8)
Medmm 44972709 (16.6)
Hospital annual volume 23416 24417
Surgeon annual volume 0.7 407
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Percy ED, Shah R, Hirji S, Tartarini RJ, Yazdchi F, Harloff M, Kaneko T, Pelletier
MP. National Outcomes of Surgical Embolectomy for Acute Pulmonary Embolism.
Ann Thorac Surg. 2020 Aug;110(2):441-447. doi
10.1016/j.athoracsur.2020.02.024. Epub 2020 Mar 19. PMID: 32199827.
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Outcomes der chirurgische Thrombektomie

Study  Number of In-Hospital
Year  Studies 1 Mortaltty (95% C1) Death  Patents

1965 1 IE' 4290 (11.00,8200) 3 7

1973 2 29.00(11.60,56.10) 7 25 e i

s 1 f000210.8600 3 & Mortalitat zwischen 6 und 55%

1975 1 ———+——— 60.00(16.20.92.10) 3 5

1976 1 f——%—— 6360(2640,8950) 7 "

1978 1 —— 2500 (4.80,6880) 2 8

1980 1 ’:E_‘ 30,60 (11.40,60.00) 11 £

1981 3 30.80(15.50,5200) 15 48

1982 1 | 5640 (28.30,8090) 22 39

1986 4 —— 27.70 (1660, 4250) 40 133 400 7

1988 1 —— 29,60 (12.00, 56.40) 21 7

1991 5 e 2530 (16.10,37.20) 74 301 350  Total

1992 2 — 24.30(1180.4350) 23 91

1993 1 H—%——  4410(19.10.7260) 15 34 W Mortality

1904 1 H—s——  4600(2130.7280) 23 %0 300 -

1995 1 e 24.00(750.5510) 6 25

1908 1 —— 29.30(11.00.58.00) 12 a1 250 230

1909 1 —_— 3500(14.00,6400) 14 40 " <z

2002 1 - 50,00 (18.10, 8190) 6 12 -

2004 1 7.70 (090, 4470) 1 13 s 200

2005 2 . 1300 (460,31.70) 6 58

2006 1 —h 2.30 (0.10, 31.40) o 21 150

2007 4 —— 2530 (1240,4470) 13 51

2008 2 e 30,60 (12.20, 58.30) 7 24

2010 3 .—E 3120 (1560.5270) 14 a8 100

2011 1 . 1330 (250, 48.10) 2 15

2012 6 rh 1810(10.40,2080) 27 171

2013 3 e 13.10(560,27.70) 9 7 50

2014 2 ] 1810 (620, 4260) 5 28

2015 1 - 4.20 (100, 15.20) 4 % 0 - v 4

Overail 56 4 26.50 (22.80,30.50) 395 1579
T T T T T CPR no CPR
0 20 40 60 80 100

Kalra R, Bajaj NS, Arora P, Arora G, Crosland WA, McGiffin DC, Ahmed MI. Surgical
Embolectomy for Acute Pulmonary Embolism: Systematic Review and Comprehensive
Meta-Analyses. Ann Thorac Surg. 2017 Mar;103(3):982-990. doi:
10.1016/j.athoracsur.2016.11.016. Epub 2017 Jan 31. PMID: 28159170
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MCS in PE

Direct RV Bypass Indirect RV Bypass

Impella RP

Impella RP Tandem RVAD Protek Duo VA-ECMO

Axial Flow Extracorporeal Centrifugal Flow
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Patient in shock or cardiopulmenary
arest?

NO

Cardiopulmonary vaECMO

resuscitation

Refer to PERT

wWECMO

Definitive treatment Refer to ECMO team - Consider adjunct MCS if
Consider VA-ECMO still .wmmymlﬁliy

compromised
i - Consider VAV ECMO for
Worsening
hemodynamics? e

Definitive treatment

—

Definitive treatment
e Review Goals of Care

Respiratory failure
requiring high
mechanical ventilatory WY

setiings?

Monitor for
cardiovascular recovery

Monitor for respiratory
recovery

Monitor until discharge is ECMO weaning Failure to Wean
possible

Long-term preventive
management

Durable MCS

Abdulaziz S MBBS, Kakar V, Kumar PG, Hassan IF, Combes A, Brodie D, Barrett NA, Tan J, Al Ali SF. Mechanical Circulatory Support for Massive Pulmonary Embolism. J Am Heart Assoc. 2025 Jan
7,14(1):e036101. doi: 10.1161/JAHA.124.036101. Epub 2024 Dec 24. PMID:
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Patientencharakteristika

High risk PE High risk PE
mit ohne
ECMO ECMO
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Patientencharakteristik V-A ECMO

v' St.n. Herzkreislaufstillstand

v ECPR

v Schwerste hamodynamische Instabilitat

v’ Frustraner Lyseversuch

v Kontraindikation fiir Antikoagulation/ Lysetherapie

v’ Frustranes Weaning von HLM nach chirurgischer Thrombektomie

v’ < Alter (48 Jahre)

Stadtspital Zigich
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@ ESC European Heart jourral (X018) 39, 41964204 CLINICAL RESEARCH
Eu Saciety de ; o
of Cordiolog Bty doc 10T euheartiehy 6t Pulmonary circulation

Outcomes after extracorporeal membrane
oxygenation for the treatment of high-risk
pulmonary embolism: a multicentre series
of 52 cases

Nicolas Meneveau'?*, Benoit Guillon'?, Benjamin Planquette’, Gaél Piton>*,
Antoine Kimmoun®®, Lucie Gaide-Chevronnay’, Nadia Aissaoui®®, Arthur
Neuschwander'®, Elie Zogheib!"'?, Hervé Dupont'!'2, Sebastien Pili-Floury®",
Fiona Ecarnot'?, Francois Schiele'?, Nicolas Deye'*'®, Nicolas de Prost'®,

Raphaél Favory'”, Philippe Girard'®, Mircea Cristinar'®, Alexis Ferré?®, Guy Meyer?,
Gilles Capellier™®, and Olivier Sanchez?

Alms The role of d b (BCMO) remains ill defined in pulmonary embalism (PEL We
investigated outcomes in patients with high-risk PE und: ing BECMO ding to initial th Arategy_

T — e = 15,183 .............. T e ST =

and results wene retrospectively inclided Ameng these undergaing ECHO, d ch and din;

to adunctive trestment strategy (systemic thrombolysis, surgical embolectomy, or no reperfuson therapy) Primary
outeome wis sll-case 30-dyy monality. Secondary oucome wis 90-day major bleeding One hundred and twenty-
esght patients were treated without ECMO; 52 (mesn spe 47 6years) underwent BCMO. Overall 30-dey mortality was
483% [95% confidence interval () 41-56] (87180 8% (95% CI 34-52) (55/128) in those trested without ECMO
va 615% (95% Cl 52-78) (3252) in thase with ECMO (P=0008). In patients undergoing ECMO, 30-day mortality
was T65% (35% CI 57—57) (13117) for BCMO + fibrinolysis, 29.4% (95% CI 51-89) (5/17) for ECMO + surgical embok-
usz Universitéts ectony, and 77.7% (95% O 59-97) (1418) for ECMO alone (P=0.004). Among patients with ECMO, 20 (385%, 95%

Stadtspital Ziirich
Spital Zirich C1 25-52) had a major bleeding event in-hospital, without significant difference acnoss groups.
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' High-Risk

PE (N=180) |

/

Variables All (N=52)
Age(,em; S e { With ECMO (N=52) ] [ Without ECMO (N=128) J
Malesfemales 27125 (525 48%)
BMI (kgim’) 28574 |
Hypertension 14(27%)
Cardiovascur disease 3(57%) [Fihrinolysis Pre-ECMO J { Embolectomy } [ ECMCI alone ]
) Fibrinolysis (N=68)
Smoki 12 =
ccwll_vng 1 Sﬁ) N=20 (n_17'_l bol y (N=8)
Renal failure 1(19%) Hepari'l alone (N=52)
History of stroke 3(57%)
Cirrhosis 1(19%) “?CUEEEC":S“;“OMV Pre ECMO Post ECMO
Predisposing factors for VTE > 2prel = oS (n=6)
Hermonal/oral contraceptives 6(116%) ( ,
Surgery 10(19.2%)
Prolonged bed rest 15 (289%)
Immbilization of the lower limbs 10 (19.2%) R —
Y
Pregnancy 269%) 30-day Death® :;;' s n=2/14 (14.3%) s %)
Active cancer 4(7.7%) n=13/17 (76.5%) (100%) 2 ric shack ! &
History of VTE 17327% -10 multiorgan failure -1 multiorgan failure dioge: glrulionpm.fallune
g -4 cardiogenic shock -1 &dmmcmod( 6 genic shock
Thrombophila 4(7.7%) b e 1 1 = =
Time from admission to PE diagnesis (days) 0(0-2) P -2 major bleeding
Time from PE diagnosis to ECMO 0(0-1)
Heart rate (bpm.) 944515
Cardiogenic shock 13(25%) 2 cardiogemic shock
Cardiac arrest 39 (75%) -1 multiorgan failure
Syncope 15 (288%) 1l ajor bleading
Dyspnoea (654%) -1 sepsis
Chest pain (346%)
Clinical signs of DVT (192%) Meneveau N, Guillon B, Planquette B, Piton G, Kimmoun A, Gaide-C L, Aissaoui N, A, Zogheib E, Dupont H, Pili-Floury S, Ecarnot F, Schiele F,
Deye N, de Prost N, Favory R, Girard P, Cristinar M, Ferré A, Meyer G, Capellier G, Sanchez O. Outcomes after extracorporeal membrane oxygenation for the treatment of
Glasgow score (3-15) high-risk pulmonary embolism: a multicentre series of 52 cases. Eur Heart J. 2018 Dec 14;39(47):4196-4204. doi: 10.1093/eurheartj/ehy464. PMID:
Usz Universitéts Stadtspital Ziirich
Spital Zirich
Universitat
Outcome
14 100
g0 . . .
. 12 ~ ECMO als alleinige Therapie: Laktat 1, nach frustraner first
£ 8o £ R .. .
£ 5 = Line Therapie im protrahierten Schock
o= 3
3
£ so £ Chirurgische Kandidaten: Selection Bias?
20 w0 £
4
a - 30
L 20
2 I 10
0 0
1 2 3 4 5 6 7 8 10 15 18 36 84
Days since PE onset
Outcomes ECMOalone (A) ECMO + thrombolysis(B) ECMO +surgical (C) RR Avs.B RRA vs. €
(N=18 955 Cl) (N=17, 95% CI) embolectomy (95 CI) (95% €Iy
(N=17,95%Cl)
30-Day all-cause death 14 (T7T%.59-57) 13 (FESR.57-57) 5 (294%, 51-89) 102 (071-146) 264 (122-575)
90-Day all-cause death 14 (77.7%.59-97) 13 (F&5%.57-97) 7 (#41.2%, 18-£5) 102 (071-148) 189 (102-351)
90-Day major bleeding 4(12.2% 4-42) 7 (412%,18-65) 9 (529%, 30-77) 054 (0.19-152) 042 (016-1.11)
90-Day non-major bleeding 5(27.7% 11-53) 9 [509%.30-77) 9 (529%, 30-77) 052 (022-135) 052 (022-125)
Successful weaning rom ECMO 3 (16.7%, 57-97) 5 (29.4%.57-97) 11 (6475, 57-97) 057 (0.16-2.02) 026 (0.09-077)

Universitiits
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Peripheral Extracorporeal Membrane Oxygenation:
Comprehensive Therapy for High-Risk Massive

Pulmonary Embolism

Ramin Malekan, MD, Paul C. Saunders, MD, Cindy ]. Yu, ANP, Kathy A. Brown, ANP,
Alan L. Gass, MD, David Spielvogel, MD, and Steven L. Lansman, MD, PhD

Section of Cardiothoracie Surgery, Department of Surgery, and Division of C

Medical Center, New York Medical College, Valhalla, New York

Background. Although commonly reserved as a last
line of defi exp d centers have rep d excel-
lent results with pulmonary embolectomy for massive
and submassive pulmonary embolism (PE). We present a

gy, Dep of Me Wesf

normalization of right ventricular dysfunction and pul-
monary artery pressure (44.0 + 2.0 to 24.5 = 5,5 mm Hg}
by ECHO. Follow-up computed t B

several penpheral nea.rly resorbed embnll in 1 case and
ion in 2 others. The fourth patient, not

contemporary surgical series for PE that d the
utility of peripheral extracorporeal membrane oxygen-
ation (pECMO) for high-risk surgical candidates.

Methods. Between June 2005 and Aprll 2011, L 29 pa-
tients were treated for or P
embolism, with surgical embolectomy performed in 26
Four high-risk patients were placed on pECMO, estab-
lished by percutaneously cannulating the right atrium

gh a f 1l vein and perfusing by a Dacron graft

anastomosed to the axillary artery. A small, extracorpo-
real, rotary assist device was used, interposing a compact
oxygenator in the circuit, and maintaining anticoagula-
tion with heparin.

Results. Extracorporeal membrane oxygenation was
weaned in 3 of 4 patients after 5.3 days (5, 5, and &), with

lmpruvmg after 10 days, underwent surgery where an
embolic liposarcoma was extracted. For all 29 cases,
hospital and 30-day mortality was 0% and all patients
were discharged, with average postoperative length of
stay of 15 days for embolectomy and 17 days for pECMO.

Conclusions. Heparin therapy with pECMO support is
a rapid, effective option for patients who might benefit
from pulmonary embolectomy but are at high risk for
surgery.

(Ann Thorac Surg 2012;94:104-8)
© 2012 by The Society of Thoracic Surgeons

Initiale Erfahrungen am USZ
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Table 1 Baseline characteristics and clinical medical
history
High-risk PE
with

- - cardiegenic shock 30 dﬂys
Age (puars), mean (SD) 63(12) wznf‘l-g;&ozz
Mala sooe, n (%) 14(93) — {004
Body mass indax (kgfm?). mean (S0) 33 (8) - . §

. ) ]
Risk factors for venous thromboembolism [ —— s
Surgary in the in the prior 30 days, n (%) 6140) aspiration thrombectomy g 66%
COVID-19, n (%) 5(3) auu-ang‘_n‘:!u-a PERT : oo
Artarial hyparansion, n (%) 503) \ - y, g
Disbotes malltus, n (%) 407 t
Active malignancy, n (%) 47 - ~ g

Cardl z

Previoss e o (59 100 ardiac arrest Oblw;:i(iv;ushod o Persistent hypotension (1] N
Chraric kidney disazse (ereating daarance <50 mmin), n 2013) or cordopm T fo _::‘,‘:;’k"‘s‘;';::’;"m ar 0 20

o o AND for > 15 minutes Days
Coronary artary disease, n (%) 1{7) Ned L d-arga m"“"" uslor ) Ne3 15 1 10
Clinical presentation of ocute pulmonary embolism /—\\/ H
Syncope. n (%) 6(40)

Cardiopulmonary resuscitation, r (%) 47
Pre-procedural No Initial va-ECMO
Mechanical ventitation, n (%) 9 {60) W_El':';;r“:;ﬂ n'_“:"
m: e ::;.n: nu"ll:r(?mnmdmndw 1‘; é:,::] N=Bi15 (53%) N=7/15 (47%)
ol varn @ by c sean, . -

e D) Kucher N, Ouda A, Voci D, Barco S, Micieli E,
Highrsansitive traponin T postive, n (%) 15 100} Minger M, Pleming W, Grigorean A, Sromicki J,
Cantraindication to thramisolysis, n (%]° Schmiady MO, Holy EW. Percutaneous large-bore
Cardipulmanary resuscitation 4(27) Periprocedural aspiration embolectomy with veno-arterial
Emnergancy VA ECMO implantation without cardiac arrest 4 (27) cardiac arrest extracorporal membrane oxygenation support or
Major post-surgical blaading compication <30 days 407) N=317 (43%) standby in patients with high-risk pulmonary
Severe thrombocyuopenia < S0 GIL 200 embolism and contraindications to thrombolysis: a
:'“‘_’" o e ;’J Seede ) :EE; preliminary single centre experience. Eur Heart J

arsistont. inscabity > 4 b fellowi e thrormboiyss ;
A A o errocadum Acute Cardiovasc Care. 2023 Apr 17;12(4):232-
VaECHD pmptantation Feriprocadural 236. doi: 10.1093/ehjacc/zuad014. PMID:
COMID-15, Coronavins disoasa 201%; ESC, Europmn Sockey of Cardiclogy;
VAECMO), vano.artariil xtra corporsal marmbrana pgenation N=2/3 (66%) N=1/3 (33%) Stadtspital Ziirich

*Same patiants had mona than cna commindicrton t thrombolysis.
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== Initiale Erfahrungen am USZ

High=risk PE
with
.
»'% i,

* 43% Hamodynamische Verschlechterung wahrend
Katheterintervention mit Reanimationspflichtigkeit

cardiogenic shock
04/2024-08/2022
N=25

Highwrisk PE aligible for
aspiration thrombectomy
according to the PERT
N=15

\ J

Cardiac arrest (" Obstructive Shock ) Persistent hypotsnsion
Systolic 8P <50 mmig, or
Systolic BP < 90 mmhg, or
g ¥ rop > 40 mmHg
"anp for > 13 minutes
Nes \_ Neg Y, Ne3

Pre-pracedural
va-ECMO support
N=B15 (53%)

No initial va-ECMO
support

N=THS (47%)

vt arest * Mortalitat 100%

N=3i7 (43%)

» Large Bore Aspirations-Embolektomie ohne ECMO stand by ist
[ Forprocsdural J [ Perpracedura ] nicht zu empfehlen
va-ECMO implantation death
N=2/3 (66%) N=1/3 (33%)

USZ o

Stadtspital Ziirich
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Das PERT Team am USZ

Fachdisziplin Rolle
Angiologie Konservative Therapie, Katheterverfahre
Herzchirurgie Offene Thrombektomie an HLM, MCS
Anasthesie Betreuung Schockraum/ OP
Kardiologie Diagnostik, HF Therapie
Intensivmedizin Betreuung IPS, weiterfiihrende Therapien
Notfallmedizin Betreuung Notfallstation
Thoraxchirurgie offene Thrombektomie
Pneumologie Weiterfiihrende Therapien

Stadtspital Ziirich

USZ o

% Universitat
/ Ziirich™

PERT

Specialty Involvement

100%
20%
60%
40%
20%
0%
Pulmonary/Critical Emergency Cardiac Surgery Interventional Non-interventional Interventional Hematology Non-cardiac Surgery
Care Medicine Cardiology or Cardiology or Radiology

Vascular Medicine Vascular Medicine

Giri J, Sista AK, Weinberg |, Kearon C, Kumbhani DJ, Desai ND, Piazza G, Gladwin MT, Chatterjee S, Kobayashi T, Kabrhel C, Barnes GD. Interventional Therapies for Acute
Pulmonary Embolism: Current Status and Principles for the Development of Novel Evidence: A Scientific Statement From the American Heart Association. Circulation. 2019
Nov 12;140(20):e774-e801. doi: 10.1161/CIR.0000000000000707. Epub 2019 Oct 4. PMID: 31585051.

USZ Ly @

?) Stadtspital Ziirich
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Il. Raumliche Voraussetzus

__--'"‘h\
inheit/Sghfckraum (ER) an 365 Tagen/24 h verfiighars

T Aufnan
2 Helzkaﬂ'\eterlaborﬂ-l KL) an 365 Tagen/24 h verfiigbar ‘
3 Imensiveinheilm%n 365 Tagen/24 h verfiighar /
4. Ausfallkonzept fiir HK S~ -
1Il. Apparati L ——

1. 12-Kanal-EKG in jeder Aufnahmeeinheit

2. Notfallsonographie an 365 Tagen/24 h innerhalb von 30min an jedem Aufnah-

meort

3. Echokardiographie (inkl. transasophageal) an 365 Tagen/24 hinnerhalb von 30 min

4. Schnittbildgebung (CT) an 365 Tagen/24 hverfigbar

5. Hochwertiges gsg

6. Dialysemaglichkeit auf TS

7. Facl logischer Konsildienst innerhalb von 30 min an 365 Tagen/24 h verfigbar

PERT

DIAGNOSE - Hochrisiko LE

Patient instabil (Schock / CPR / Pressoren / Gabe von UFH-Bolus 80 IUrkg i.v.
Verschlechterung der Hamodynamik) und Sauerstoft Therapie
erscl g Y/ . Standard Massnahmen: Labor, EKG...
L V. a. massive Lungenembolie Ringerfundin / Kristalloide 250-500mL
Inotropika/Vasopressoren
Kein Fentanyl/Morphin/Propofol
P Wenn m_cgllch, keine Intubation oder
PERT-Aktivierung (Schockraum) mechanische Beatmung
Anisthesie: 54321 —
L PERT (ANG): 076 563 34 44 e o ANA, ANG, nerrecho, THo, kAR, PRE P
l N\
( Falls CT nicht sofort méglich, priifen cb Nein Keine Rechtsherzdilatation > andere
Rechtsherzdilatation in TTE oder Thrombus in Transit (u/o Ursachen der Instabilitat wahrscheinlicher
L TVT-Screening mit Duplex) y als die LE
Y RHD oder 1T bestatigt
Nein
[ CT-Angio méglich ohne va-ECMO? J—’[ va-ECMO durch HER ]
l Ja l
[ CT-Angio ]‘_t[ Triage Reperfusion: Folie 12 ]

15.04.2025

Stadtspital Ziirich

Stadtspital Ziirich
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Management - High-Risk-LE (IPS-/IMC-A hme)

( ¢ ¢ )
Kriterien high-risk Lungenembolie
- Schock-Zustand Anisthesie 54321 HER/ECMO,
- CPR oder St. n. CPR PERT-Aktivierung ANG vor den  —— THO, KAR, PNE,
- RRsys <80 mmHg tber >15 Min Abkldrungen 076 563 34 44 IPS, RAD
\ J
(- Rechtsherzdilatation (TTE) )
: ﬁT;":\r;g"l’[\ée”eg“r?‘g oelich +  Patient unter va-ECMO - ECMO nicht erforderlich
atheterlabor nicht moglich +  LE bestatigt (CT-Angio) - LE bestatigt (CT-Angio)
« va-ECMO nicht indiziert/méglich
\_ (z.B. bei Alter >80) )
I ] I_ I
= Gabe von UFH-Bolus 80 IU/kg i.v ; Sauerstoff-Therapie; Standard Labor, EKG___; Rir iin | 250-500mL; pil
- Wenn m()glith, keine Intubation oder It ; kein F i —‘lopﬂfﬂl

|

Systemische Thrombolyse (ggf.
halbdosiert) oder Antikoagulation

Kathetertechnische
Thrombektomie

ohne Lyse*
*ANG prilft Indikation fiir Cavafilter und Chirurgische Thrombektomie
Alteplase-Bolus (2.B. Thrombus im PFO)

Kein Cavafilter moglich*

Kathetertechnische
Thrombektomie / Lyse (ggf.
mit ECMO Backup)*

Chirurgische Thrombektomie

(2.B. Thrombus im PFO)
Systemische Thrombolyse

Stadtspital Ziirich

Komplikationen

Vascular Injury

&

) Pump

Lo ¢

I Oxygenator /i
l
|

Oxygen
Supply “

Cardiac ‘
Tamponade
Gastrointestinal ' Intracerebral
Hemorhage Hemorhage
R & }

Hemorhage

Cannulation
Failure
@ Sepsis

Leg Ischemia

.} Pulmonary

Tsangaris A, Alexy T, Kalra R, Kosmopoulos M, Elliott A, Bartos JA, Yannopoulos D. Overview of Veno-Arterial Extracorporeal

Membrane Oxygenation (VA-ECMO) Support for the Management of Cardiogenic Shock
7,8:686558. doi: 10.3389/fcvm. 2021.686558. PMID: 34307500; PMCID: PMC8292640

Front Cardiovasc Med. 2021 Jul

Stadtspital Zizich
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Komplikationen

Complications of CPR and ECPR

Trauma to chest or Dislodged devices or ACLS medication
abdomen catheters side effects

CPR | E=" %L\/\ %

Hematological
Bleeding Hemolysis Thrombosis

¢ || B

ECPR
Non-hematological Hyperoxia-induced  Neurological injury from
Infection W i i rapid changes in COz
CHICH e
. ) < & 5>
ol NE A
P Sre
N@& ¢l
Fig.1 Complicat ted with PRand ECPR.ACL! life support, CO, carbon dioxide, C/ Intensive Care Med (2022) 48:1-15
ECH Wieftventricle https://doi.org/10.1007/500134-021-06514-y

U S Universitéts
Spital Zirich

% Universitat
/ Ziirich™

» Haufig, 8-30%
v'Hamatom
v'Perforation
v'Dissektion
v'Pseudoaneurysma
v AV-Fistel
v'Thrombose
v'Thrombembolien
v'Okklusion (Kantile)

Schrage B et al. Left Ventricular Unloading Is Associated With Lower Mortality in Patients With

‘/|SCham Ie 20(y Cardiogenic Shock Treated With Venoarterial Extracorporeal Membrane Oxygenation: Results
0 From an International, Multicenter Cohort Study. Circulation. 2020 Dec;142(22):2095-2106. doi:
10.1161/CIRCULATIONAHA.120.048792. Epub 2020 Oct 9. PMID: 33032450; PMCID:

PMC7688081.

?) Stadtspital Ziirich

u s Universitits
Spital Zirich
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Inguinal
ligament

Stadtspital Zirich

U s Universitéts
Spital Zirich

Sweet Spot of Puncture

|
]
i v
| 8l

Common femoral

Inguinal
ligament

Profunda femoral

us Universitéts (2 Stadtspital Zirich
Spital Zirich A\
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Warum genau dort?
P. Schneider

Endovascular Skills
2nd ed.

Pseudoaneurysm
and vessell Retroperitoneal
complications!!! Haematoma !

USZ o

) Universitit
./ Ziirich™

Wie punktieren?

Seldinger Technique

1. Ultraschallgestitzt

2. Kontrolle iber Draht

15.04.2025

) Stadtspital Ziirich

3. Nie gegen Widerstand vorschieben

4. Stets den Draht unter Spannung

halten

|

USZ &iss @

) Stadtspital Zirich
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: Ultrasound gulded puncture (short axis)

Anatomy Compression Doppler ultrasound

Usz Universitits Stadtspital Zirich
Spital Zirich

T universitst
 Ziirich™

Ultrasound guided puncture (long axis)

usz Universitéts Stadtspital Ziirich
Spital Zirich

20
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4Fr Mikropunktionsset

USZ

¢yE=y Stadtspital Zirich
AN

% Universitat
iirich™

|
L |
| | }l : h \\ -
. ~ . Ap “ = e
Ultrasound guided puncture TEE/TTE
SAFETY

FIRST

Mobile fluroscopy

Always have controll of the location of the wire
USZ ;o

Stadtspital Zirich
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ELSO Interim Guidelines for Venoarterial Extracorporeal

D ista I e Bei n pe ﬁu s i o “ Membrane Oxygenation in Adult Cardiac Patients

RoBeRTO LoRussof®,* Kiran SHERAR,+ GRAEME MACLAREN(D + MATTHEL SCHWIDT,S VINCENT PELLEGRINO, §
BART MEVNS | JONATHAN HAFT,# LEEN VERCARMST, | FEDEICO PAPPALARDO, " CHRISTN BERMUDSZ,

Ja BeLoHLAVEK®, 3 Xia0TonG Hou,§§ Uno Borke, 1§ Roserro Castio, | | Dike W, Donser®, 24444
DARRYL ABRAMS, HH MARCD RANUCE, 4+ KASIA HRYMEWICZ, S5 VAN CHAVER, S5 YIH-SHARNG CHEN, T 1
Leonarno SaLAzar, | | | AnD Grenn Wimaanzz#

REVIEWERS: Hergen Buscher,**** Rodrigo Diaz,H+t Thomas Mueller++++ axD Alain Combes, 5§55

lliac artery and vein
End-to-side
prothesis

+ Target flow 100ml/min
* RR >50mmHg
* 6-8Fr

» The use of larger and loger DPCs is
not recommenden since these may be
associated with vascular trauma +
spasm
» Risk Reduction for limb ichemia 16%
USZ s

Stadtspital Ziirich
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Access site vascular complications in MCS

10 Vascular complication

—n Entlassungsrate  ohne  vaskulare
Komplikationen (49%) versus 18% in
Patienten mit Gefasskomplikationen
(V-A ECMO, > 18 Jahre)

Probability of Survival

H 8 W0 i 2000 20 %0 % Tanaka D, Hirose H, Cavarocchi N, Entwistle JW. The Impact of Vascular
Length of Survival (days) Complications on Survival of Patients on Venoarterial Extracorporeal
W e a @ w . Membrane Oxygenation. Ann Thorac Surg. 2016 May;101(5):1729-34. doi:
Y 3 2 1 1 1 1 1 10.1016/j.athoracsur.2015.10.095. Epub 2016 Feb 10. PMID: 26872734.

Stadtspital Ziirich

USZ &iss @
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Timing?

USZ o

Universitat
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15.04.2025

Stadtspital Ziirich

Association Between Timing of Ventricular Unloading
and Successful Weaning From Mechanical Ventilation

1.25
% 1.00
s
8

0.75

0.50

-20 -10 0 10 20
Hours

Active LV unloading before VA-ECMO implantation 4smsp Active LV unloading after VA-ECMO implantation

USZ Ly @

Schrage B, Sundermeyer J, Blankenberg S, Colson P,
Eckner D, Eden M, Eitel I, Frank D, Frey N, Graf T, Kirchhof
P, Kupka D, Landmesser U, Linke A, Majunke N, Mangner
N, Maniuc O, Mierke J, Mobius-Winkler S, Morrow DA,
Mourad M, Nordbeck P, Orban M, Pappalardo F, Patel SM,
Pauschinger M, Pazzanese V, Radakovic D, Schulze PC,
Scherer C, Schwinger RHG, Skurk C, Thiele H, Varshney A,
Wechsler L, Westermann D. Timing of Active Left Ventricular
Unloading in Patients on Venoarterial Extracorporeal
Membrane Oxygenation Therapy. JACC Heart Fail. 2023
Mar;11(3):321-330. doi: 10.1016}.jchf.2022.11.005. Epub
2023 Jan 11. PMID: 36724180.

Stadtspital Ziirich
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Association Between Timing of Ventricular
Unloading and 30-Day Mortality

USZ iz

Universitat
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USZ iz

Hazard Ratio

1.8 A
1.5 1
1.2 4
Schrage B, Sundermeyer J, Blankenberg S, Colson P,
Eckner D, Eden M, Eitel I, Frank D, Frey N, Graf T, Kirchhof
P, Kupka D, Landmesser U, Linke A, Majunke N, Mangner
. . . . N, Maniuc O, Mierke J, Mébius-Winkler S, Morrow DA,
1'0 ngher relative risk when Mourad M, Nordbeck P, Orban M, Pappalardo F, Patel SM,
used as a bail-out approach Pauschinger M, Pazzanese V, Radakovic D, Schulze PC,
Scherer C, Schwinger RHG, Skurk C, Thiele H, Varshney A,
Wechsler L, Westermann D. Timing of Active Left Ventricular
0.8 T Unloading in Patients on Venoarterial Extracorporeal
Membrane Oxygenation Therapy. JACC Heart Fail. 2023
T T T r T Mar;11(3):321-330. doi: 10.1016/j.jchf.2022.11.005. Epub
2023 Jan 11. PMID: 36724180.
-20 -10 0 10 20
Hours
Active LV unloading -«— Active LV unloading
before VA-ECMO implantation after VA-ECMO implantation

Stadtspital Ziirich

&

Wrap Up

v' V-A ECMO stellt eine Therapieoption fiir marginale Patienten mit ansonsten infauster
Prognose dar (eCPR, KI fir AK/Lyse....)

v" Wenn V-A ECMO dann mit weiterfihrender Therapie: Thrombektomie/ Reperfusion
v Schnellstmdgliche Implantation bei therapierefraktarem Schock um den circulus vitiosus
zu Durchbrechen und Endorganschaden zu vermeiden (Mobile ECMO Teams fir

Zuweiserspital)

v" Team Approach: PERT

v’ Cave: Keine RCT's, Selection Bias

&

Stadtspital Ziirich
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To bridge or not to bridge ?

Individuelles Risiko Zentrums Erfahrung

Kapazitaten Lokale ECMO Komplikationen

Weiterfuhrende Therapiemodalitaten ' Infrastruktur

Im Zweifel (in erfahrender Hand): Bridge

)
Usz Universitats ﬂ..:
Spital Zirich S

Stadtspital Ziirich

Allianz
Herzchirurgie

Dr. med. Martin O. Schmiady
Oberarzt Herzchirurgie
martinoliver.schmiady@usz.ch

USZ s @

Stadtspital Ziirich
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