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Since its inception, leadership of The National 
Pulmonary Embolism Response Team (PERT) 
Consortium™ recognized that a key pillar in advancing 
care and outcomes in pulmonary embolism (PE) lay in 

the development of a formal structure for clinical innovation 
and research. The Consortium™ has sought to act on this 
principle through partnerships with clinical trialists aiming to 
perform prospective studies of novel PE therapeutics as well 

as through retrospective research based on data acquired 
through The PERT Consortium™ Registry. The Registry is 
a quality assessment platform that aggregates data from 
PERT activations at > 30 programs across the United States. 
Details regarding patient characteristics, presentation, and 
outcomes are entered by participating sites, which allows for 
quantitative assessment of hospital performance in the care 
of PE as well as benchmarking against other participating 
centers. This platform naturally allows for observational 
research characterizing modern care and outcomes in 
hospitalized patients with acute PE. Hence, a formalized 
research proposal process was developed and funded 
by The Consortium™, allowing for competitive analytic 
grants to be awarded to research teams aiming to further 
the collective knowledge about PE through independent 
investigation within the PERT Registry. Currently over 10,000 
individual PE patient hospitalizations are included in The 
PERT Consortium™ Registry, making it arguably the richest 
resource available worldwide for observational PE research.  
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Over the past several decades, trends in pulmonary 
embolism (PE) incidence, morbidity, and 
mortality have shown dynamic shifts attributable 
to improvements in diagnostic imaging and 

treatment approaches.1-4 The literature also describes 
epidemiologic differences between male and female 
patients, although often with variable results.5-8 A recent 
review of Nationwide Inpatient Sample (NIS) data from 
2003 to 2018 found that, while case fatality rates decreased 
for all patients, more improvements were seen for male 
patients.5 As the field of PE care evolves with the increased 
use of advanced therapies, it is unclear how the complex 
roles of sex and gender may influence management 
decisions and ultimately clinical outcomes.

STUDY DESIGN
To evaluate differences in contemporary PE evaluation, 

management, and outcomes between male and female 
patients, we performed a retrospective analysis of acute 
PE patients using the multicenter Pulmonary Embolism 
Response Team (PERT) Consortium™ Registry. The National 
PERT Consortium™ Registry encompasses a comprehensive 
collection of over 400 data elements collected on patients 
presenting with acute PE. These data elements include 
patient demographics, comorbidities, medications, 
clinical characteristics at presentation, diagnostic imaging, 
laboratory data, PERT recommendations, therapies 
received, and clinical outcomes.

The PERT Consortium™ Registry includes 5,722 eligible 
patients for analysis, with 2,838 females and 2,884 males. 
Both groups demonstrate a similar distribution of PE risk 
categories (25% high, 52% intermediate, 15% low, and 8% 
unknown risk; Figure 1). 

The primary outcomes of interest in our study 
included the treatment type prior to PERT consultation, 
the treatment type recommended by PERT, and the 

treatment type administered after PERT consultation. 
Secondary outcomes include diagnostic imaging 
modality, imaging characteristics, major bleeding events, 
and in-hospital mortality rates. We plan to perform a 
multivariable analysis to identify predictors of major 
bleeding outcomes and in-hospital mortality. The results 
of the study are pending, but outcomes of interest are 
summarized in Figure 2.

RESULTS AND POTENTIAL IMPACT
In this large cohort of patients from a prospective, 

multicenter quality assurance database, we aim to identify 
disparities in the evaluation and management of acute 
PE based on patient sex. Previous studies exploring sex 
differences in PE have been limited to clinical outcomes 
or utilization of single-treatment modalities such as 
thrombolysis.5-9 Furthermore, many of these studies 
predate contemporary approaches to PE management and 
catheter-directed therapies. Our study is uniquely designed 
to comprehensively evaluate differences across various 
phases of PE care. Our analysis will incorporate treatments 
administered before and after PERT activation as well as 
recommendations provided by PERT. 

The results of our study will provide clarity on whether 
PE treatments vary based on patient sex, detailing the 
specific types of treatments and phases of care where 
potential differences occur. Additionally, our analyses will 
allow us to identify whether there are delays in treatment 
initiation, differences in diagnostic imaging, and disparities 
in recommendations for advanced therapies. The 
granularity of our results will inform our understanding of 
the complex factors that may contribute to disparities in 
clinical outcomes. 

In addition to exploring differences in PE evaluation and 
treatment strategies, our study also aims to investigate 
potential sex-based disparities in clinical outcomes, 

Figure 1.  Distribution of PE risk categories by patient sex. Pie charts demonstrating proportions of high-risk PE (red), intermediate-
risk PE (light blue), low-risk PE (yellow), and unknown risk category (dark blue) for patients of each sex. There are no differences in 
the distribution of PE risk categories between female and male patients. 
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particularly major bleeding events and in-hospital mortality 
between male and female patients in the PERT Registry. 
Historically, literature describing sex-based differences 
in mortality among PE patients have shown variable 
results. A 2015 analysis of NIS data found improvements 

in mortality rates among male patients, which may 
be attributable to advancements in PE treatment.5 
A subsequent NIS study reported higher mortality rates 
among females, although data on disease severity in these 
patients was not accounted for.10 Our current study will 
compare in-hospital mortality rates and major bleeding 
events in the largest PE-specific database to date. The 
male and female patients in this cohort have a similar 
distribution of disease severity. In addition to comparing 
overall bleeding and mortality rates, we will be performing 
multivariable analyses to identify predictors of these events 
in each group. The results of our study will provide valuable 
insight into sex-based disparities in PE care, guiding 
clinician practices and informing future research efforts 
aimed at mitigating these disparities.
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Figure 2.  Study outcomes. CTPA, CT pulmonary angiography; 
CDT, catheter-directed thrombolysis.

Contemporary Management and Outcomes of High-Risk Pulmonary 
Embolism: Insights From The PERT Consortium™ Registry

High-risk PE is defined as patients presenting with 
a PE and the concurrent presence of systemic 
hypotension with sustained systolic blood pressures 
(SBPs) < 90 mm Hg, the need for vasopressor 

support, or cardiac arrest.1 These patients traditionally 
carried high mortalities estimated between 30% and 50% in 
prior observational trials.2-4 Despite such a high mortality, 
this population has been understudied, with only one 
therapeutic randomized trial of eight patients to date and 
the largest multicenter, observational analyses reporting 
treatment patterns and outcomes in 108 and 115 patients, 
respectively.2,5 As a result, current guidelines and risk 
stratification models are extrapolated from studies on more 
stable patient populations. The National PERT Consortium™ 
Registry is a prospective registry compiling data from a 
wide range of United States centers focused on providing 
multidisciplinary care to PE patients. This registry contains 
information on mortality, treatment complications including 
major bleeding, and the wide array of rapidly evolving 
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therapeutic options for acute PE. The goal of this study was 
to investigate contemporary United States practice patterns 
and outcomes in this high-risk PE population.6

METHODS
Data within The PERT Consortium™ Registry were analyzed 

between 2015 and 2022, which included data compiled from 
35 United States sites. The European Society of Cardiology 
criteria were used to categorize patients into severity of PE risk: 
intermediate-risk as defined as patients with SBP > 90 mm Hg 
with evidence of right ventricular strain and/or biomarker 
abnormalities at the initial assessment; or high-risk which 
include patients with hemodynamic collapse, hypotension, 
sustained BP < 90 mm Hg, or the need for vasopressor 
support.1 Hemodynamic collapse was defined as those 
necessitating the use of high-dose vasopressors due to 
concern for impending cardiac arrest or those experiencing 
cardiac arrest with or without cardiopulmonary resuscitative 
efforts. Patients within the high-risk PE cohort who also had 
hemodynamic collapse were also selected out into a new 
stratum labeled as catastrophic PE given that these patients 
likely represented the highest-risk cohort. 

Baseline demographics were compiled for each 
cohort and analyzed. The use of advanced therapies for PE 

were also abstracted and were defined as the use of systemic 
thrombolysis, catheter-directed thrombolysis (ultrasound 
assisted and non–ultrasound assisted) catheter-based 
embolectomy, surgical embolectomy, and/or mechanical 
circulatory support including extracorporeal membrane 
oxygenation (ECMO). Identified clot-in-transit was defined 
as an intracardiac mobile clot noted to be present by 
transthoracic echocardiography or CT findings. When not 
identified, this was noted as being absent.

The primary outcomes were in-hospital mortality and 
in-hospital major bleeding. Major bleeding events were 
defined according to the International Society on Thrombosis 
and Haemostasis major bleeding criteria.7 Hospital lengths of 
stay were also abstracted. There was a total of 5,790 patients 
in The PERT Consortium™ Registry during the study period. 
In this cohort, 1,442 patients were categorized as high risk 
(24.9%), and 2,976 patients (51.4%) were categorized as 
intermediate risk. Of the 1,442 high-risk patients, 197 of these 
patients presented with catastrophic PE (13.7%) and 1,245 
patients presented with noncatastrophic high-risk PE.

 
RESULTS

We found that high-risk patients were significantly 
more likely to undergo advanced therapies for PE (41.9%) 
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versus those that presented with intermediate-risk PE 
(30.2%). ECMO, surgical embolectomy, and systemic 
thrombolysis were more likely to be utilized in high-risk 
patients. Catheter-based therapies were utilized with 
similar frequencies between intermediate- and high-risk 
PE patients. 

When noncatastrophic versus catastrophic high-risk 
PE patients were compared, the overall rates of advanced 
therapies used were similar between groups (41.2% vs 
45.3%, respectively) with ECMO and systemic thrombolytics 
more frequently utilized in catastrophic PE patients, while 
catheter-based therapies were used more frequently in 
noncatastrophic PE patients.

Unadjusted in-hospital mortality rates were 20.6% in high-
risk patients and 3.7% in intermediate-risk patients. High-risk 
PE patients had higher in-hospital major bleeding events 
(10.5% vs 3.5%) and longer in-patient hospital stays (10.2 vs 
6.8 days). Multivariable regression modeling demonstrated 
vasopressor use, ECMO utilization, identified clot-in-transit, 
hypoxia at time of presentation, and malignancy were 
associated with higher rates of in-hospital mortality. The 
in-hospital mortality for catastrophic PE patients was 42.1% 
versus 17.2% in noncatastrophic PE patients with a higher 
risk of in-hospital bleeding and lengths of stay.

CONCLUSION
This study represents the largest multicenter experience 

focusing on patients presenting with high-risk PE and shows 
that, despite higher utilization rates of advanced therapies 
for PE in this subgroup, these patients still had a 20.6% 
rate of in-hospital mortality. Further, those that presented 
with catastrophic PE or those that also had hemodynamic 
instability within this high-risk cohort represented the 
highest-risk subgroup and had a 42.1% mortality despite 
similar use of advanced therapies for PE in comparison to the 
noncatastrophic high-risk PE group. This study underlines 
the importance and opportunity to improve outcomes in 
these high-risk patient populations. 
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Catheter-Directed Treatment of PE: How The PERT Consortium™ 
Registry in the United States Can Help Model the Costs in a European 
Health Care System

Catheter-directed treatment (CDT), 
encompassing local low-dose fibrinolysis 
and thromboaspiration/thrombectomy, has 
recently emerged as an effective and safe 

reperfusion option for patients with acute PE in need 
of advanced reperfusion treatment. The candidates 
for CDT are patients belonging to the high- and 
intermediate-high–risk PE category based on their clinical 
findings and hemodynamic status at presentation.1-3 
Several CDT systems have received approval by the 
United States FDA and the European Medicines 
Agency.1,4,5 In the United States, use of CDT has 
continuously increased in the past decade,6,7 and although 
the results of ongoing randomized controlled trials are yet 
to confirm the clinical benefits of this type of treatment,4,5 
decisions in current clinical practice are facilitated by the 
establishment of multidisciplinary PERTs, which combine 
local expertise and optimize resource allocation in each 
hospital.3,8 On the other hand, in Germany, integration of 
CDT procedures into the diagnosis-related groups–based 
hospital reimbursement system occurred only recently, 
and thus the use of CDT in this country has just begun to 
enter an early growth phase. 

METHODS AND RESULTS
We analyzed the past trends of CDT use in the United 

States and used them as the basis for estimating the 
future (2025-2030) rate of CDT penetration and PE 
hospitalization costs in the German health care system.9 
For this purpose, we built two statistical models to 
generate an upper and a lower estimate of monthly 
CDT use in patients with intermediate- and high-risk PE. 
The first model used data from United States hospitals 
that developed an early expertise in CDT and were thus 
expected to yield the upper estimate. These data were 

obtained from The United States PERT Consortium™ 
Quality Assurance Database registry, spanning from 
2018 to 2021. Intermediate- or high-risk PE was defined 
based on current European guidelines2; in cases in which 
no explicit risk classification by the PERT was recorded, 
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Figure 1.  Trends in the use of CDT in the United States and 
the corresponding number of patients with PE estimated to 
receive CDT in Germany in 2025-2030. The left panels show 
the results of the conservative, NIS-based model, and the right 
panels the model based on The PERT Consortium™ Registry. 
In the upper panels, connected black dots represent observed 
monthly proportions; green lines show modeled proportions. 
In the lower panels, the blue zone indicates annual numbers 
of patients with intermediate-high– or high-risk PE forecast 
to receive CDT in Germany depending on each model, with 
different shades of blue exhibiting the 95% CI of the estimate. 
The green zone shows the remaining patients in this risk 
category expected to continue to be treated conservatively. 
Finally, the lower, yellow zone represents the numbers of 
patients with low- or intermediate-low–risk PE, in whom 
anticoagulation alone is, and will remain adequate treatment, 
with no need for CDT. Adapted from Mohr K, Keeling B, Kaier K, 
et al. Modelling costs of interventional pulmonary embolism 
treatment: implications of US trends for a European healthcare 
system. Eur Heart J Acute Cardiovasc Care. Published online 
February 13, 2024.
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patients were classified into one of the above PE risk 
categories if one or more of the following criteria were 
fulfilled: hemodynamic collapse or need for vasopressors; 
simplified Pulmonary Embolism Severity Index ≥ 1; 
elevated troponin or natriuretic peptide levels; elevated 
RV/LV (right ventricular/left ventricular) diameter ratio 
on the CTA; and echocardiographic signs of RV pressure 
overload or dysfunction. Our second model was based 
on data from the National Inpatient Sample (NIS) from 
2016 to 2020. This database represents an unselected 
sample of all United States hospital admissions and was 
thus suitable for yielding the lower estimate of CDT use. 
We calculated the time trend using a binomial (logistic) 
model with calendar month as a continuous explanatory 
variable. Indeed, and as shown in by comparing the 
two upper panels in Figure 1,9 the PERT-based model 
displayed both higher absolute penetration of CDT and 
faster growth of CDT use over time compared to the 
NIS model.

Subsequently, we obtained the annual incidence 
of hospitalizations for PE from the German Federal 
Statistical Office for the most recent years available 
(2016-2020),10 along with the Office’s publicly available 

forecast for the entire German population size in a 
scenario with moderate development of natality, life 
expectancy, and immigration for 2025-2030. By applying 
the United States PERT and NIS model to the predicted 
number of high- and intermediate-high–risk PE cases in 
Germany for this future period, we could provide a high 
and a low estimate for the expected CDT penetration 
in Germany in the following years (Figure 1; compare 
left with right lower panel). This allowed us to predict a 
cumulative increase of total hospitalization costs for PE 
ranging 3.8% to 12.4% until the end of 2030. 

CONCLUSION
Our estimates do not take into account possible future 

changes in CDT reimbursement in Germany, which are 
extremely difficult to predict at this early stage. Moreover, 
increases in direct costs may be offset by cost savings 
related to the reported and anticipated benefits of CDT 
in terms of reducing early adverse outcomes (mostly 
major bleeding), a shorter stay in the intensive care unit, 
earlier discharge from the hospital, return to work and 
productivity, and prevention of late PE complications 
such as chronic thromboembolic pulmonary disease 
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and the broader spectrum of the so-called post-PE 
syndrome.11-13 Ongoing prospective randomized trials 
with a focus on both early and late clinical outcomes4,14 
will inform not only the recommendations of future 
guidelines on the indications of CDT but also the 
decisions of policymakers in further countries regarding its 
reimbursement and broader availability.  n
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