
Lanz et al. Critical Care          (2025) 29:284  
https://doi.org/10.1186/s13054-025-05465-w

CORRESPONDENCE Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

Critical Care

Prehospital thrombolytic treatment 
of high‑risk acute pulmonary embolism
Hugo Lanz1†, Leonhard Binzenhöfer1†, Tom Verbelen2,3, Andrea Stadlbauer4, Daniele Camboni4, 
Sebastian Zimmer5, Georg Nickenig5, Holger Thiele6†, Enzo Lüsebrink5*† and the High-risk Investigator Group 

Acute pulmonary embolism (PE) is a prevalent cause 
of morbidity and mortality, with high-risk PE account-
ing for 5% of all cases and being associated with high 
mortality [1]. This subgroup is traditionally treated with 
guideline recommended systemic thrombolysis (SYS) [2]. 
Results from a recent international target trial emulation 
found surgical thrombectomy or percutaneous catheter-
directed treatments (PCDT) may provide short-term 
survival benefit [3], and these treatments are reflected 
by guidelines as alternatives following failure of SYS [2]. 
While guidelines support SYS for suspected/confirmed 
PE-related cardiac arrest, evidence stems from small tri-
als. Despite formidable prognosis, current guidelines 
lack management recommendations for this subgroup. 
Veno-arterial extracorporeal membrane oxygenation 

(VA-ECMO) may stabilize patients following circulatory 
collapse, and recent interest in PCDT has also grown. 
While no study has investigated optimal treatment upon 
admission following prehospital SYS, here we analyze dif-
ferent treatments in a preregistered subgroup originally 
excluded from a recently published high-risk PE study 
[3]. In this study, retrospective data from 991/1,060 high-
risk PE patients treated between 2012 and 2022 were 
included in a target trial emulation designed to investi-
gate in-hospital all-cause mortality with different treat-
ment strategies (SYS, VA-ECMO, surgical thrombec-
tomy, and PCDT), as described previously [3]. Here we 
investigated excluded patients treated with prehospital 
SYS having received: (1) no further treatment, (2) VA-
ECMO (following prehospital SYS), (3) intrahospital 
SYS (additional SYS following admission), (4) surgical 
thrombectomy (following prehospital SYS), or (5) PCDT 
(following prehospital SYS).

Overall, 69 high-risk PE patients (49.3% male) with a 
median age of 54 years received prehospital SYS. 29/69 
underwent prehospital SYS alone, 27/69 received VA-
ECMO, 8/69 received additional intrahospital SYS, and 
5/69 were treated with PCDT following hospital admission. 
10/69 were escalated to a third treatment strategy (Fig. 1). 
Cardiac arrest had occurred in 88% by admission, with a 
median cardiopulmonary resuscitation duration of 55 min 
(VA-ECMO 45 min; intrahospital SYS 75 min). Intrahos-
pital SYS patients exhibited most severe median admission 
Simplified Acute Physiology Score II (70.0), lowest pH lev-
els (6.85), and highest lactate levels (20.0 mmol/L), while 
the PCDT group had more favorable admission values 
(admission pH 7.18, admission lactate 4.00 mmol/L) and 
suffered fewer cardiac arrests (2/5). Computed tomography 
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Fig. 1  Overview of treatment approaches. PCDT, percutaneous catheter-directed treatment; ST, surgical thrombectomy; SYS, systemic 
thrombolysis; VA-ECMO, veno-arterial extracorporeal membrane oxygenation
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angiography diagnosed PE in most patients (62.3%), with 
large between-group differences (PCDT 100% vs. intrahos-
pital SYS 37.5%). Diagnosis on clinical suspicion alone was 
made in nearly 1/3 of all patients (62.5% in intrahospital 
SYS). Overall, in-hospital mortality was high (73.9%), with 
lower mortality rates following PCDT (40.0%) compared 
to VA-ECMO (77.8%) or intrahospital SYS (75.0%). Total 
one-year mortality climbed to 78.3%. Further, most major 
bleeding occurred with VA-ECMO (40.7%). Lastly, 12/18 
survivors showed full neurologic recovery (Cerebral Perfor-
mance Category 1) at discharge (PCDT 33.3%; intrahospital 
SYS 50%) (Tab. 1).

Main findings of this prespecified sub-analysis are as 
follows: (I) In-hospital mortality following prehospital 
SYS was high, with most suffering cardiac arrest, (II) in-
hospital mortality was lower following PCDT compared 
to VA-ECMO or intrahospital SYS, though caution with 
interpretation must be taken due to lack of statistical 
comparison and risk of clinical selection bias, and (III) 
in-hospital mortality was similar for patients escalated 
to VA-ECMO and those not receiving further treatment, 
despite more major bleeding with VA-ECMO – though 
again caution with interpretation is warranted. The high 
proportion of patients receiving thrombolytic therapy 
based on clinical suspicion of PE highlights the difficulty 
of diagnosing PE in hemodynamically unstable patients or 
during cardiopulmonary resuscitation in the out-of-hospi-
tal setting and emphasizes the role of focused echocardio-
graphic assessment by emergency medical personnel. Our 
study was not specifically designed to evaluate the initial 
diagnostic process (e.g. exclusion of patients in whom PE 
was refuted after initial suspicion). Further investigation 
of diagnostic and management algorithms that do not rely 
on computed tomography imaging are needed. Regarding 
outcomes, previous studies have described even higher 
mortality rates following prehospital SYS for acute PE [4, 
5]. In a retrospective analysis from the French National 
Out-of-hospital Cardiac Arrest (RèAC) registry, Javaudin 
et al. reported outcomes of 246 patients suffering out-of-
hospital cardiac arrest, in whom PE was confirmed after 
hospital admission [5]. The unadjusted 30-day survival 
rate was 16%, with just 10% of patients achieving a Cere-
bral Performance Category score of 1 or 2 among patients 
receiving thrombolysis during cardiopulmonary resus-
citation. However, comparability is limited due to differ-
ences in baseline characteristics (e.g., median age 60.5 vs. 
54.0 years) and management (e.g., VA-ECMO support in 
9% vs. 47.8%) [5]. Interestingly, patients who received SYS 
during resuscitation had a lower 30-day mortality rate 
compared to controls without SYS in a weighted analy-
sis [5]. Furthermore, risk of bleeding with SYS must also 
be weighed against potential benefit. Despite evidence 
of clinical benefit following SYS for high-risk PE in small 

studies, high bleeding rates are common [4]. We found 
more major bleeding with VA-ECMO without lower 
mortality in our cohort. Hence, benefit of mechanical 
circulatory support may be diminished by bleeding and 
its use discouraged following SYS. Encouragingly, major 
bleeding was similar despite large differences in dura-
tion of cardiopulmonary resuscitation (30 min) between 
VA-ECMO and intrahospital SYS patients, a result sup-
ported by similar findings in other studies [4]. Thus, as 
reflected by guidelines, current evidence can only sup-
port VA-ECMO as a rescue therapy and bridge to further 
reperfusion strategies for high-risk PE [2]. Randomized 
studies addressing mechanical circulatory support in the 
setting of high-risk PE and prehospital SYS are needed. 
Patients receiving PCDT, for which enthusiasm is cur-
rently mainly backed by evidence in intermediate-risk PE, 
had lower mortality than patients undergoing VA-ECMO 
or intrahospital SYS in our cohort. However, retrospective 
design, potential selection bias toward lower risk patients, 
and limited sample size are limitations. Consequently, 
these findings are only hypothesis-generating and must be 
interpreted with the utmost caution.

Overall, conducting large randomized controlled trials 
in this population poses a significant challenge and has 
yet to be done. Alternative data acquisition techniques 
that reduce bias will be required to circumvent difficul-
ties with recruitment for randomized trials [3]. Lastly, 
there is a need to understand which patients benefit from 
prehospital SYS and which treatment (if any) should fol-
low. Adequately powered randomized controlled trials 
are urgently required to improve dismal mortality rates 
for high-risk PE.
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