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Abstract 

Background: Catheter-directed thrombolysis is an established reperfusion strategy for 

intermediate- or high-risk acute pulmonary embolism. No validated model exists to predict 

early major bleeding in this population.  

Objectives: To derive a baseline-only risk assessment model for major bleeding after catheter 

directed thrombolysis, and to assess its transferability in an independent cohort. 

Patients/Methods: We pooled patient-level data from 16 cohort studies and randomized trials 

of catheter-directed thrombolysis for acute pulmonary embolism. The most stable baseline 

predictors of major bleeding were identified by adaptive LASSO across 1000 bootstrap 

iterations. Candidate models including 2 to 6 of these predictors were compared on optimism 

corrected discrimination and calibration. The selected model was applied to an independent 

cohort from the RIETE registry.  

Results: Of 1246 patients with outcome data and without contraindications to thrombolysis, 

75 (6.0%) experienced major bleeding, including 10 intracranial hemorrhages. On internal 

validation, the F-HARP model (Female sex, Hypertension, Age, high-Risk Pulmonary 

embolism) showed an optimism-corrected area under the receiver operating characteristic 

curve (AUROC) of 0.695 (95%CI: 0.639-0.755). In the independent cohort (N=566), patients 

classified as high risk had higher odds of major bleeding within 30 days than the remainder 

(11.2% vs. 3.8%; OR 3.18, 95%CI: 1.44-7.05). AUROC was 0.638 (95%CI: 0.519-0.742) and 

calibration slope 0.630 (95%CI: 0.153-1.107).  

Conclusions: The F-HARP model uses four readily available baseline predictors to identify a 

subgroup at meaningfully higher odds of major bleeding after catheter-directed thrombolysis. 

A powered external validation is required prior to its use for precise risk quantification.  

 



Figure. External cohort cumulative incidence of major bleeding within 30 days, stratified 

by F-HARP predicted risk category 


