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Scientific letter

To the Editor,

Acute pulmonary embolism (PE) remains a major cause of cardio-
vascular morbidity and mortality, with intermediate-high-risk pa-
tients facing a substantial risk of early clinical deterioration despite 
preserved hemodynamic stability.1 Although anticoagulation re-
mains the standard of care, systemic fibrinolysis is limited by the 
risk of major bleeding, prompting growing interest in catheter-di-
rected fibrinolysis (CDF) as a targeted, lower-dose reperfusion 
strategy.1 However, whether CDF translates into meaningful clini-
cal benefit remains uncertain. The recent publication of the HI-
PEITHO trial provides contemporary randomized evidence and 
warrants reassessment of the available data.2 We therefore per-
formed an updated systematic review and meta-analysis of random-
ized controlled trials (RCTs) comparing CDF with anticoagulation 
alone in patients with acute intermediate-high-risk PE.

This systematic review and meta-analysis was conducted according 
to the PRISMA recommendations and prospectively registered in 
PROSPERO (CRD420261367527). PubMed, Embase, Scopus, and 
the Cochrane Central Register of Controlled Trials were searched 
between 1 April and 16 April, 2026, without language or date re-
strictions, to identify RCTs comparing CDF with anticoagulation 
alone in adults with acute intermediate-high-risk PE. Furthermore, 
reference lists of eligible studies were screened.

The primary endpoint was all-cause mortality assessed at the 
study-specific follow-up time reported by each trial. Secondary 
endpoints included the postintervention right ventricular-to-left 
ventricular (RV/LV) diameter ratio, major bleeding, and hemody-
namic instability, according to the definitions used in the individual 
trials.

Two reviewers independently screened records, extracted data, and 
assessed the risk of bias using the Cochrane Risk of Bias tool, 
version 2. Data were analyzed according to the intention-to-treat 
principle. When only medians and interquartile ranges were reported, 
means and standard deviations were estimated using established 

methods, with assessment of data skewness when applicable. The 
Grading of Recommendations Assessment, Development and Evaluation 
(GRADE) framework was used to assess certainty of evidence.

Outcomes were pooled using random-effects models with restricted 
maximum likelihood estimation and reported as risk ratios or mean 
differences with 95% confidence intervals (95%CI). Statistical het-
erogeneity was quantified using the I2 statistic, and leave-one-out 
analyses were performed to assess robustness. Statistical analyses 
were conducted using R version 4.4.1, with a 2-sided significance 
threshold of P < .05.

Of 2967 records screened, 4 RCTs published between 2013 and 
2026, comprising 720 patients (363 assigned to CDF and 357 to 
anticoagulation alone), met the inclusion criteria.2-5 Three were 
multicenter trials (ULTIMA, CANARY, and HI-PEITHO), whereas 
1 was conducted at a single center (Kroupa et al.3). Trial design, 
key inclusion and exclusion criteria, treatment strategies, baseline 
characteristics, and prespecified primary endpoints are summarized 
in table 1.

CDF was not associated with a statistically significant reduction in 
all-cause mortality (RR, 0.68; 95%CI, 0.11-4.03; I2 = 37.6%) (figure 1). 
Leave-one-out analyses showed that exclusion of ULTIMA yielded 
a similar effect estimate (RR, 0.72; 95%CI, 0.06-9.18; I2 = 61.7%), 
whereas exclusion of HI-PEITHO eliminated heterogeneity and 
resulted in a numerically greater, although still nonsignificant, re-
duction in mortality (RR, 0.20; 95%CI, 0.02-1.75; I2 = 0%).

CDF was associated with a significantly lower postintervention RV/LV 
ratio (mean difference, −0.16; 95%CI, −0.24 to −0.07; I2 = 78.3%) 
and a lower risk of hemodynamic instability (RR, 0.35; 95%CI, 
0.18-0.70; I2 = 0%) (figure 1). Leave-one-out analyses confirmed the 
stability of the findings for the postintervention RV/LV ratio, with 
statistically significant effect estimates regardless of the study omit-
ted. No statistically significant difference was observed in major 
bleeding (RR, 1.29; 95%CI, 0.56-2.96; I2 = 0%) (figure 1), and this 
finding remained unchanged across all leave-one-out analyses.
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Table 1. Characteristics of the included studies and baseline characteristics of the included patients

Characteristic ULTIMA 20134 Kroupa et al. 20223 CANARY 20225 HI-PEITHO 20262

Control CDF Control CDF Control CDF Control CDF

Study characteristics

Design, recruitment 
period

Open-label RCT (multicentre), 
2010-2013

Open-label RCT (singlecentre, 
pilot), 2019-2021

Open-label RCT (multicentre), 
2018-2020

Open-label RCT (multicentre), 
2021-2025

Country, sites, 
follow-up

Germany / Switzerland (8 sites) 
3-month follow-up 

Czech Republic (1 site) 
30-day follow-up

Iran (2 sites)
3-month follow-up

Austria, France, Germany, Ireland, 
Netherlands, Poland, Switzerland, 
United Kingdom (59 sites)
30-day follow-up

Patients per group, n 29 30 11 12 46 48 271 273

Treatment UFH US-assisted 
CDF: alteplase 
0.5 mg/h per 
catheter ×24 h 
+ UFH

UFH or 
LMWH

CDF: alteplase 
1 mg/h per 
catheter (total 
20 mg) ×10 h 
+ UFH

LMWH CDF: 
alteplase 0.5 
mg per 
catheter/h 
×24 h + UFH

LMWH or 
UFH

US-assisted CDF: 
alteplase 2 mg per 
catheter, then 1 mg/h 
per catheter × 7 h + UFH

Key inclusion/
exclusion criteria

Inclusion: acute proximal PE 
with RV/LV ratio ≥ 1.0.
Exclusion: age < 18 or > 80; 
symptom duration > 14 days; 
high bleeding risk; recent 
thrombolysis; active bleeding; 
prior intracranial bleeding/
lesions; major surgery; 
hemodynamic instability;  
right-to-left shunt

Inclusion: proximal 
intermediate–high-risk PE 
(sPESI ≥ 1) with RV dysfunction 
(RV/LV ≥ 0.9) and positive 
biomarkers.
Exclusion: age < 18; active 
bleeding; prior intracranial 
bleeding or recent stroke/TIA; 
recent cranial trauma or 
intracranial lesions; recent 
major surgery; low RV/LV ratio 
(< 0.7); coagulopathy; severe 
renal dysfunction

Inclusion: acute proximal 
intermediate-high-risk PE, sPESI 
≥ 1, RV/LV > 0.9, positive 
biomarkers.
Exclusion: high-risk PE; CrCl 
< 30 mL/min; recent surgery; 
thrombocytopenia; 
contraindication to thrombolysis

Inclusion: acute proximal 
intermediate–high-risk PE with ≥ 2 
clinical criteria of cardiorespiratory 
distress, RV/LV ≥ 1.0 and positive 
biomarkers.
Exclusion: age < 18 or > 80; symptom 
duration > 14 days; hemodynamic 
instability; fever; active bleeding; prior 
intracranial bleeding or recent stroke/
TIA; recent cranial trauma or 
intracranial lesions; recent major 
surgery; recent thrombolysis; dual 
antiplatelet therapy; chronic 
anticoagulation or coagulopathy

Primary endpoint 
(individual trial)

Difference in RV/LV ratio  
from baseline to 24 h 
(echocardiographic)

Composite efficacy endpoint: 
improvement in RV function,  
RV/LV ratio reduction ≥ 25% on 
coronary computed tomography 
angiography and systolic PAP 
decrease ≥ 30% or normotension 
at 24 h

Proportion of patients with a 
3-month echocardiographic  
RV/LV ratio > 0.9 (core-laboratory 
assessed)

Composite of PE-related death, 
cardiorespiratory decompensation  
or collapse, or symptomatic PE 
recurrence within 7 days

Baseline characteristics

Age, years 62 ± 13 64 ± 15 63.5 ± 15.1 60.6 ± 14.3 57.5 ± 2.4 57.7 ± 2.2 58.2 ± 13.4 58.2 ± 13.6

Male 17 (59) 11 (37) 5 (45.5) 8 (66.7) 28 (72) 33 (72) 153 (56.5) 159 (58.2)

Type 2 diabetes 
mellitus

4 (14) 6 (20) 3 (27.3) 0 9 (23) 6 (13) 54 (19.9) 48 (17.6)

Smoking 7 (24) 4 (13) 3 (27.3) 3 (25) – – 34 (12.5) 39 (14.3)

Hypertension 15 (52) 20 (67) 6 (54.5) 9 (75) 14 (36) 13 (28) 118 (43.5) 114 (41.8)

Prior PE 2 (7) 4 (13) 3 (27.3) 1 (8.3) 1 (2) 1 (2) – –

Prior stroke/TIA 1 (3) 0 (0) – – 0 1 (2) 11 (4.1) 7 (2.6)

Systolic BP, mmHg 131 ± 18 137 ± 19 140.2 ± 22.1 141.6 ± 22.4 122.9 ± 2.6 129.1 ± 3.3 – –

RV/LV ratio, 
baseline 

1.20 ± 0.14 1.28 ± 0.19 1.3 ± 0.1 1.1 ± 0.1 1.2 ± 0.3 1.2 ± 0.1 1.5 ± 0.4 1.6 ± 0.5

TAPSE, mm 19.9 ± 5.8 15.7 ± 3.8 14.6 ± 3.5 16.3 ± 1.9 – – – –

Troponin, ng/L – – 365.2 ± 329.6 244.5 ± 241 168.1 ± 73.3 169.9 ± 68.2 – –

BP, blood pressure; CDF, catheter-directed fibrinolysis; CrCl, creatinine clearance; LMWH, low-molecular-weight heparin; PAP, pulmonary artery pressure; PE, pulmonary embolism; 
RCT, randomized controlled trial; RV, right ventricular; RV/LV, right ventricular to left ventricular diameter ratio; SD, standard deviation; sPESI, simplified Pulmonary Embolism Severity 
Index; TAPSE, tricuspid annular plane systolic excursion; TIA, transient ischemic attack; UFH, unfractionated heparin; US, ultrasound.
Data are expressed as No. (%) or mean ± standard deviation. Dashes (–) indicate data not reported.
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Figure 1. Forest plots comparing catheter-directed fibrinolysis (experimental group) with anticoagulation alone (control group) in patients with intermedi-
ate-high-risk pulmonary embolism. Outcomes include (A) all-cause mortality, (B) postintervention RV/LV ratio, (C) major bleeding, and (D) hemodynamic 
instability. Random-effects models fitted using restricted maximum likelihood estimation were used to estimate pooled RRs for dichotomous outcomes and 
MDs for continuous outcomes, with corresponding 95%CI.�  
* Means and SDs were estimated from medians and interquartile ranges. 95%CI, 95% confidence interval; MD, mean difference; RR, risk ratio; RV/LV, right 
ventricular-to-left ventricular diameter ratio; SD, standard deviation.

A. All-cause mortality

B. Post-intervention RV/LV ratio

C. Major bleeding

D. Hemodynamic instability
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The risk of bias was low for ULTIMA, CANARY, and HI-PEITHO, 
whereas the remaining trial raised some concerns, mainly regarding 
the randomization process. Certainty of evidence was moderate for 
hemodynamic instability and low for all other outcomes, primarily 
because of imprecision and risk of bias.

Across 4 RCTs, CDF improved surrogate markers of RV function 
and reduced hemodynamic instability without a significant increase 
in major bleeding but did not significantly reduce all-cause mortal-
ity. However, the mortality estimate was highly imprecise because 
of the small number of patients and events, and a clinically mean-
ingful benefit or harm cannot be excluded. Accordingly, the mor-
tality findings should be regarded as inconclusive rather than as 
evidence of absence of benefit. The observed reduction in RV 
overload is biologically plausible because CDF enables targeted 
fibrinolysis and more rapid thrombus resolution, thereby reducing 
RV afterload and potentially preventing progression to hemodynam-
ic deterioration.

Several sources of heterogeneity should be considered when inter-
preting these findings. The pooled estimate for the postintervention 
RV/LV ratio showed substantial heterogeneity (I2 = 78.3%), likely 
reflecting differences in patient selection, thrombolytic regimens, 
and the imaging modalities and timing used for RV assessment 
across trials. Although the RV/LV ratio served as the primary 
endpoint in several studies, its definition, measurement, and timing 
were not standardized, limiting its suitability as a primary meta-an-
alytic endpoint. Furthermore, definitions of hemodynamic instabil-
ity and major bleeding varied across trials, further limiting the 
comparability of the pooled estimates.

The enrolled populations differed substantially in baseline risk. 
Kroupa et al.3 and CANARY specifically enrolled patients with 
intermediate-high-risk PE, requiring RV dysfunction, positive car-
diac biomarkers, and a simplified Pulmonary Embolism Severity 
Index (sPESI) ≥ 1, whereas HI-PEITHO further enriched its study 
population by including patients at particularly high risk of clinical 
deterioration based on additional clinical evidence of cardiorespi-
ratory distress. By contrast, ULTIMA predated the current Europe-
an Society of Cardiology risk-stratification framework and did not 
distinguish between intermediate-low- and intermediate-high-risk 
PE. ULTIMA enrolled patients on the basis of an RV/LV ratio ≥ 1.0 
without requiring biomarker elevation, thereby including a com-
paratively lower-risk population. Nevertheless, ULTIMA was re-
tained because its exclusion would have markedly reduced the 
available randomized evidence. Importantly, leave-one-out analyses 
excluding ULTIMA did not materially alter the overall direction of 
the findings, although its inclusion remains an important limitation. 
Finally, approximately 70% of all included patients were derived 
from HI-PEITHO, resulting in substantial dominance of this single 
trial in the pooled estimates.

These findings are consistent with current guidance: the European 
Society of Cardiology recommends anticoagulation as first-line 
therapy, and the 2025 European Society of Vascular Medicine 
clinical practice guidelines on the interventional treatment of ve-
nous thromboembolism support catheter-based reperfusion in se-
lected patients treated at experienced centers rather than its routine 
use.1,6 HI-PEITHO, as the largest and most contemporary random-
ized trial in this setting, substantially strengthens the evidence base 
and may inform future recommendations.

Improvements in surrogate markers may not always translate into 
better clinical outcomes. This distinction is relevant in the present 
analysis, in which significant improvements in the RV/LV ratio and 
reductions in hemodynamic instability were not clearly associated 
with a survival benefit. The absence of a statistically significant 
mortality benefit should not, however, be regarded as the sole 

determinant of the clinical value of CDF. The observed reductions 
in hemodynamic deterioration and RV overload may be clinically 
meaningful in carefully selected patients at particularly high risk 
of decompensation. Nevertheless, the available randomized evi-
dence remains insufficient to support routine CDF in intermedi-
ate-high-risk PE.

In conclusion, CDF was associated with improvements in surrogate 
markers of right ventricular function and a reduction in hemody-
namic instability, without a statistically significant increase in 
major bleeding. However, no statistically significant reduction in 
all-cause mortality was observed, and the available evidence for 
this endpoint remains inconclusive because of the limited number 
of trials and events. Moreover, estimates for the RV/LV ratio and 
hemodynamic instability should be interpreted cautiously because 
of imprecision and heterogeneity in patient selection, outcome 
definitions, and assessment thresholds across trials. These findings 
indicate that the debate remains open and underscore the need for 
adequately powered randomized trials using standardized defini-
tions to better identify patients most likely to derive a net clinical 
benefit from CDF and ultimately improve clinical decision-making 
and patient outcomes.
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