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T he National Pulmonary Embolism Response Team 
(PERT) Consortium® is once again honored to host 
this supplement of Endovascular Today, entitled 
Bridging the Data Gap in Pulmonary Embolism: 

Innovative Initiatives From The PERT Consortium®. The 
National PERT Consortium® is a 501(c)(3) organization 
founded in 2015 and based in Massachusetts. As implied by 
the moniker in our name (“Pulmonary Embolism Response 
Team”), we are dedicated to the team-based treatment 
of pulmonary embolism (PE). We are a multinational 
organization and strive to be the vehicle of change to 
improve the care and survival of patients with PE. The 
Consortium is comprised of a “coalition of the willing”: 
pulmonologists, emergency physicians, cardiologists, 
surgeons, radiologists, hospitalists, pharmacists, 
hematologists, advanced practice providers, and others 
working collaboratively in the care of patients with PE at 
our member institutions.

The formal mission of the Consortium is to facilitate 
the exchange of ideas and information related to the care 
of patients with PE and advance the science of PE care 
by performing research, developing advanced treatment 
protocols, and educating clinicians and community 
members. The purpose of The PERT Consortium® 
aligns with our mission—to serve the general public by 
undertaking activities to advance PE care and promote 
research. Specifically, the Consortium aims to:

•	 Promote the adoption of the PERT model in all health 
care institutions to ensure the prompt diagnosis and 
treatment of PE

•	 Expand the current body of scientific evidence 
regarding the diagnosis and treatment of PE through 
the promotion and funding of scientific endeavors

•	 Educate the general public and health care 
professionals regarding PE diagnosis, treatment, 
and care

As we reflect on our accomplishments to date, The PERT 
Consortium® Quality Assurance database is currently the 
largest PE-centered registry with almost 6,000 patients. 
Using the backbone of the registry, we have created a robust 
research infrastructure to begin meaningful clinical projects. 
Membership in the Consortium has continued to grow, as 
have educational offerings, clinically oriented initiatives, and 

publications. Our multiple active committees and projects 
offer vast opportunities for membership engagement and 
leadership, both nationally and abroad. 

The supplement to Endovascular Today highlights a 
number of our endeavors and program initiatives over 
this past year, all of which demonstrate our ongoing vision 
for comprehensive PE care. We have included a thorough 
review of the challenges encountered during interhospital 
transfers, a template for management of transitions of PE 
care (in-hospital, during discharge, and follow-up care), 
and an update highlighting the promise of our PE registry. 
Additional contributions describe the participation/
cosponsorship of the Consortium in a landmark 
transatlantic clinical research trial (HI-PEITHO) and our 
head-on approach to tackling venous thromboembolism 
during COVID-19. 

Finally, our 7th Annual Scientific Symposium, “What 
Is Known and What We Need to Know: A State-of-
the-Art Scientific Update,” will be held in Boston on 
October 15-16, 2021. This year’s meeting will be hybrid 
for those who are unable to attend in person. In 2020, 
our virtual meeting had more than 1,000 attendees from 
38 countries. We are excited to “see” our colleagues at this 
year’s meeting to continue to enhance, expand, and share 
our knowledge on PE. Please visit www.pertconsortium.org 
to register and learn more about The PERT Consortium®.

Most importantly, we would like to recognize and 
thank our industry sponsors for their continued support 
of The PERT Consortium® and its underlying mission 
and specifically for their contributions that enable us to 
produce this informative supplement.

Please enjoy and contact us with further questions 
as needed.  n

Brent Keeling, MD
President-Elect, PERT Consortium®
Board of Directors

Soophia Naydenov, MD
Past Education Committee Head

A D V A N C I N G  P E  C A R E ,  
P R O M O T I N G  R E S E A R C H
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Intermediate–high-risk pulmonary embolism (PE) is a 
challenging condition to treat for a variety of reasons, 
including the heterogeneity with which PE presents, the 
high associated rates of morbidity and mortality, the 

need for a truly multidisciplinary approach to treatment 
planning and management, and the lack of level 1 evidence 
guiding treatment.1 Further complicating management 
of acute intermediate–high-risk PE is that there is no 
clear consensus on which treatment options should 
be recommended as first-line therapy.1 Physicians may 
treat patients presenting with intermediate–high-risk PE 
medically, without intervention (ie, with anticoagulants 
alone), or more aggressively, with an interventional approach 
(eg, surgical embolectomy, systemic thrombolytic therapy, 
catheter-directed thrombolysis [CDT], or other advanced 
endovascular intervention). 

Part of the reason for lack of consensus can be attributed 
to the paucity of randomized controlled trials (RCTs) 
comparing interventional approaches with systemic 
anticoagulation, the current “standard of care” for patients 
with intermediate–high-risk PE. There are some notable, 
well-designed RCTs comparing reperfusion therapies 
to anticoagulation across all intermediate-risk patients, 
such as the PEITHO trial testing the thrombolytic agent 
tenecteplase plus heparin versus heparin alone; however, 
these trials did not focus on intermediate–high-risk patients 
because they predated the newer stratification paradigm 
for this group of patients.2 Although studies have been 
published suggesting that anticoagulation alone may not 
be sufficient for intermediate–high-risk patients, they have 
largely been observational in nature.3 Without large head-
to-head RCTs comparing interventions with the standard of 
care for patients with intermediate–high-risk PE, decisions 
as to whether to pursue advanced treatment options will 

continue to be based on existing observational data, the 
patient’s clinical presentation, physician experience and 
preference, and cost.

A thoroughly studied and frequently performed 
interventional treatment for patients with intermediate-
risk PE, with a large volume of published clinical data to 
date, is ultrasound-facilitated CDT (USCDT), in which 
CDT is augmented with ultrasound energy to increase the 
dispersion of the chosen lytic agent into the thrombus. 
In the only existing RCT comparing an intervention (in 
this case, USCDT) to anticoagulation alone, USCDT was 
associated with significantly improved clinical outcomes 
with no increase in bleeding risk. The study was relatively 
small and included a broad spectrum of severity within the 
intermediate-risk patient group (ie, both intermediate–
low- and intermediate–high-risk PE).4 To address this 
gap in evidence, the Higher-Risk Pulmonary Embolism 
Thrombolysis (HI-PEITHO) study was recently launched.

WHAT IS THE HI-PEITHO STUDY?
HI-PEITHO (NCT04790370) is a prospective, multicenter 

RCT comparing USCDT and best medical therapy (BMT; 
systemic anticoagulation) with BMT alone in patients with 
acute intermediate–high-risk PE. The primary objective of 
HI-PEITHO is to assess whether USCDT and anticoagulation 
are associated with a significant reduction in the composite 
endpoint of PE-related mortality, cardiorespiratory 
decompensation or collapse, and/or nonfatal PE recurrence 
within 7 days of USCDT treatment. The secondary objectives 
of the trial are to (1) gather additional data, which will add to 
the existing evidence on the treatment and clinical outcomes 
of acute intermediate–high-risk PE, and (2) contribute 
controlled data on catheter-based interventions to the 
existing evidence base. HI-PEITHO is a joint research study 

The HI-PEITHO Study of Ultrasound-
Facilitated, Catheter-Directed 
Thrombolysis Versus Anticoagulation
The first large randomized controlled trial of an intervention versus anticoagulation for patients 

with acute intermediate–high-risk pulmonary embolism.

By Stavros V. Konstantinides, MD; Michael R. Jaff, DO, FACP, FACC;  
and Kenneth Rosenfield, MD, MHCDS
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between The Pulmonary Embolism Response Team (PERT) 
Consortium®, the University of Mainz and European PEITHO 
network, and Boston Scientific Corporation.

Study Design
HI-PEITHO is a randomized (1:1), controlled, open-label, 

multicenter, adaptive-design, parallel-group comparison 
clinical trial comparing USCDT (EkoSonic endovascular 
system, Boston Scientific Corporation) plus systemic 
anticoagulation with systemic anticoagulation alone in 
patients with acute intermediate–high-risk PE (Figure 1). 
The null hypothesis (H0) of the study, which has been 
approved by local site institutional review boards, is that 
neither treatment is superior to the other in terms of clinical 
and safety outcomes. The alternative hypothesis (H1) 
assumes that USCDT will be superior to anticoagulation 
alone in terms of efficacy without compromising safety 
(ie, without an increase in major bleeding). The study uses 
blinded adjudication of the primary composite outcome. 
The HI-PEITHO trial will include up to 65 sites across the 
United States and Europe. Target enrollment is 406 to 
544 patients, which is based on a statistically robust adaptive 
trial design including a prespecified planned interim analysis. 
The trial will follow all rules of clinical research as set forth in 
the Declaration of Helsinki.

Patients who meet all inclusion and no exclusion criteria 
will be enrolled in the study upon receipt of written 
informed consent. Given the urgency for treatment, 
randomization and initiation of assigned therapy should 
occur as soon as possible after confirmation of diagnosis. 
For patients assigned to the USCDT arm, it is recommended 
to begin the intervention within 2 hours of randomization. 
Patients will be followed up to 12 months, with follow-up 
study visits at 7 days, 30 days, 6 months, and 12 months 
postrandomization. Patients meeting the primary endpoint 

criteria for cardiorespiratory collapse or decompensation 
are eligible for rescue reperfusion treatment (such as 
systemic thrombolysis or CDT). Arbitrary crossover 
to the intervention (USCDT) arm or use of any other 
reperfusion treatment after randomization in the absence 
of primary endpoint criteria or of appropriate justification 
and documentation of the medical need will be strongly 
discouraged and considered a protocol deviation.

Patient Inclusion and Exclusion Criteria
Key patient inclusion and exclusion criteria are outlined 

in Table 1. Given the current context in which HI-PEITHO is 
being launched, it is important to note that patients who test 
positive for severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) infection are eligible for the trial if the enrolling 
investigator believes that the intermediate–high-risk PE is 
the dominant culprit for the clinical presentation and the 
qualifying inclusion and exclusion criteria.

Primary Endpoint
The primary endpoint in HI-PEITHO is defined as a 

composite of PE-related mortality, cardiorespiratory 
decompensation or collapse, and/or nonfatal PE recurrence 
within 7 days of initial USCDT treatment. Cardiorespiratory 
collapse or decompensation is defined as one or more of 
the following: cardiac arrest or need for cardiopulmonary 
resuscitation, signs of shock (new-onset arterial hypotension 
with end-organ perfusion), placement on extracorporeal 
membrane oxygenation, intubation or noninvasive 
mechanical ventilation, and/or National Early Warning Score 
(NEWS) ≥ 9 (Figure 2).5,6 All outcome components will be 
adjudicated by an independent clinical events committee, 
using a blinded adjudication process.

Notably, the primary endpoint of the HI-PEITHO study 
is a combination of established measures and innovative 

clinical assessment methods. 
The NEWS score in particular 
is a standardized clinical tool 
for anticipating, detecting, and/
or responding to a patient’s 
deterioration and collapse. The 
peer-reviewed and validated 
NEWS scoring methodology 
considers respiratory rate, 
oxygen saturation, whether 
supplemental oxygen is required, 
body temperature, systolic 
blood pressure, heart rate, and 
level of consciousness. This 
comprehensive evaluation has 
been shown to have greater 
prognostic accuracy compared 
to each of its individual 

Figure 1.  The HI-PEITHO study flow. LMWH, low-molecular-weight heparin; UFH, 
unfractionated heparin.
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components.7 NEWS has been 
validated in several different 
clinical settings internationally. 
When implemented correctly, 
it has been shown in several 
single- and multicenter studies 
to quickly and accurately 
determine which patients 
are at highest risk for cardiac 
arrest, intensive care unit (ICU) 
admission, and/or death within 
24 hours of assessment.6,8,9 

Key Additional Assessments
In addition to the primary 

endpoint detailed previously, 
several other key measures 
are being collected as part of 
the HI-PEITHO trial. These 
include the individual primary 
outcome components, 
GUSTO (Global Utilization of 
Strategies to Open Occluded 
Coronary Arteries) major 
(moderate and severe) bleeding 
within 7 days of treatment, 
International Society on 
Thrombosis and Haemostasis 

TABLE 1.  KEY INCLUSION AND EXCLUSION CRITERIA FOR THE HI-PEITHO STUDY
Inclusion Criteria Exclusion Criteria
•	 Age 18-80 y
•	 A diagnosis of objectively 

confirmed acute PE
•	 RV/LV ratio ≥ 1.0
•	 Positive troponin levels (above the 

upper limit of normal)
•	 Elevated risk of early death/

hemodynamic collapse, defined 
as exhibiting at least two of the 
following:

	− Systolic blood pressure 
≤ 110 mm Hg for ≥ 15 min

	− Respiratory rate > 20/min or 
SpO2 < 90% at rest (room air)

	− Heart rate ≥ 100 bpm, 
not due to hypovolemia, 
arrhythmia, or sepsis

•	 Prolonged hemodynamic instability
•	 Need for ICU admission for reasons other than the index PE episode
•	 Body temperature > 39 °C/102.2 °F
•	 Logistical factors limiting the timely availability of interventional procedures to treat acute PE
•	 PE symptom duration > 14 d
•	 Active bleeding
•	 History of intracranial or intraocular bleeding
•	 Stroke or transient ischemic attack within the past 6 mo or previous stroke at any time if 

associated with permanent disability
•	 Central nervous system neoplasm or metastatic cancer
•	 Major neurologic, ophthalmologic, abdominal, cardiac, thoracic, vascular, or orthopedic surgery 

or trauma within 3 wk of acute PE index episode
•	 Patients who have received a once-daily therapeutic dose of LMWH or a therapeutic dose of 

fondaparinux within 24 h prior to randomization
•	 Patients who have received one of the direct oral anticoagulants (apixaban or rivaroxaban) 

within 12 h prior to randomization
Abbreviations: ICU, intensive care unit; LMWH, low-molecular-weight heparin; PE, pulmonary embolism; RV/LV, right/left ventricular end-diastolic diameter; 
SpO2, arterial oxygen saturation.

Figure 2.  The NEWS score paradigm and composite primary endpoint for HI-PEITHO. 
NEWS score reproduced from Royal College of Physicians. National Early Warning Score: 
standardizing the assessment of acute illness severity in the NHS. Report of a working party. 
London: Royal College of Physicians; 2012.
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major bleeding, ischemic or hemorrhagic stroke within 7 and 
30 days posttreatment, all-cause mortality, symptomatic 
PE recurrence within 30 days and 6 months, change from 
baseline right ventricular/left ventricular end-diastolic 
diameter ratio on echocardiography at 6 months, chronic 
thromboembolic pulmonary hypertension diagnosis within 
12 months, health economic assessments, functional status 
and quality-of-life measures, and cardiopulmonary exercise 
testing parameters at select sites. 

WHAT IS THE POTENTIAL IMPACT OF 
HI-PEITHO?

Currently, the existing evidence on intervention beyond 
BMT for PE suggests that acute intermediate-risk PE remains 
potentially life-threatening if treated with anticoagulants 
alone. Although early reperfusion with full-dose intravenous 
thrombolysis has the ability to improve hemodynamics 
and, in turn, early clinical outcomes, it is not routinely 
recommended as first-line therapy because it is associated 
with a high major (particularly intracranial) bleeding risk. 
However, newer patient stratification paradigms (classifying 
patients as either intermediate-low or intermediate-high 
risk) and USCDT dosing protocols like those tested in the 
OPTALYSE trial strongly suggest that lower lytic doses with 
shorter durations of infusion can achieve comparable clinical 
and better safety outcomes in many patients with acute 
intermediate–high-risk PE.10 Consequently, many patients 
in this risk category may currently be deprived of potentially 
life-saving therapeutic options. 

The goal of HI-PEITHO is to close this evidence gap and 
provide high-quality clinical data capable of informing 
future guidelines on the treatment of patients with acute 
intermediate–high-risk PE. HI-PEITHO is the first large, 
state-of-the-art international RCT of an interventional 
PE treatment against the current standard of care using 
validated, clinically relevant endpoints. It is also the first 
trial with adequate power to show a significant impact of 
an interventional approach on the prognosis of patients 
with intermediate–high-risk PE. The trial is led by expert 
clinical trialists in PE in the United States and Europe, who 
have taken care to standardize and precisely define, in the 
trial protocol, all key aspects of the study design (including 
time from PE diagnosis and randomization to intervention, 
USCDT duration and thrombolytic dose, and dose and 
scheme of anticoagulation regimen). Moreover, the trial 
protocol includes a clear rule to prevent arbitrary crossover 
between the treatment arms. Regardless of outcome, there is 
little doubt that HI-PEITHO will help clinicians manage some 
of the most challenging cardiovascular patients.  n
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V enous thromboembolism (VTE) is a common 
disorder affecting 900,000 Americans annually, 
with a resulting cost of care of $7 to $10 billion 
per year.1-4 Acute VTE is estimated to cause 

100,000 deaths per year, mainly attributed to the 
development of a pulmonary embolism (PE).3 Of 
patients who survive the acute event, several thousand 
will develop chronic sequelae, such as postthrombotic 
syndrome or chronic thromboembolic pulmonary 
hypertension, which can result in significant morbidity 
and mortality with a resultant increase in health 
care costs.5-7 With the high incidence of VTE and 
hospitalization, this patient population requires a focused 
plan to transition their care from the hospital to home.

Transition of care (TOC) is defined as the movement 
of patients between health care providers or settings. 
This process, when not effectively completed, can lead 
to adverse events, higher hospital readmission rates, 
and increased health costs.4,7 Anticoagulants are the 
cornerstone of therapy for VTE and are commonly 
associated with bleeding and recurrent VTE events 
secondary to inadequate dosing or failure to comply 
with treatment plans.8 These types of medication errors 
have been implicated as a leading cause of hospital 
readmissions. The inherent high-risk nature of VTE 
coupled with associated adverse drug events provide a 
perfect opportunity to optimize the TOC process for this 
patient population.9

The goals of a VTE TOC program are to provide 
effective predischarge and ongoing patient education, 
reduce the risk of recurrent thrombosis by increasing 
medication adherence, minimize the risk of bleeding, and 
prevent readmissions.10,11 The specific objectives of a VTE 
TOC program include streamlining the evidence-based 
management of VTE for specific patient populations; 
providing effective patient education programs, 
which also includes assessment of patient knowledge; 
improving patient adherence to prescribed therapy; and 

outlining core requirements for effective handoffs and 
communication of the plan of care. To achieve these 
important objectives, it is essential to identify both the 
barriers to and the solutions for a successful program, 
including how to utilize The National Pulmonary 
Embolism Response Team (PERT) Consortium® to 
accomplish these goals.

BARRIERS TO VTE TOC
Barriers to VTE TOC are outlined in Table 1. One 

of the greatest challenges in coordinating a patient’s 
health care across various settings is ensuring effective 
communication. Because patients with VTE often have 
multiple specialists involved in their care, determining 
who is responsible for providing accurate and timely 
discharge information and instructions, including a 
follow-up plan, may be difficult. Furthermore, when 
patients move from the inpatient setting to home or 
another facility, there may be pending test results that 
require timely follow-up. A recent study found that over 
one-third of patients diagnosed with VTE were lost to 
VTE-specific follow-up, particularly patients who were 
discharged to a facility rather than home.12

The mainstay of therapy for VTE is anticoagulation.13,14 
Determining which anticoagulant to use for each patient 
requires an in-depth knowledge of a patient’s medical 
comorbidities as well as a comprehensive understanding 
of the various anticoagulants and their pharmacologic 
properties. It is also essential for providers to emphasize 
the importance of and frequently inquire if their 
patients are taking the anticoagulant correctly. A recent 
study demonstrated that patients receiving direct oral 
anticoagulants at nonrecommended doses and/or 
regimens experienced a higher rate of VTE recurrence 
than patients who received recommended doses 
and regimens.15

Educating patients about their clinical course, 
medications, and treatment plans requires time, planning, 

Transitions of Care for Patients  
With Venous Thromboembolism
A review of the barriers and solutions for VTE transitions of care and how The National PERT 

Consortium® can assist with implementing a VTE transitions of care program.
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and an understanding of a patient’s health literacy. 
Patients may not fully understand the significance of 
having a VTE, and once they do, they may grapple with 
trying to determine the underlying cause. Moreover, 
patients are often frightened of the consequences and 
potential long-term sequelae after a VTE, including the 
possibility of death. Explaining the rationale for the use 
of anticoagulation as well as the possible side effects can 
be perplexing and daunting for patients, especially in 
those who may require long-term use. Patients may also 
have unusual or exaggerated expectations and anxieties 
relative to their VTE or anticoagulant and may have 
questions about the necessity of certain restrictions and 
their duration.

Possibly one of the biggest obstacles to medication 
adherence is cost, especially if a patient leaves the 
hospital without knowing whether the drug is covered by 
insurance.16 Given the known side effects and potential 
lack of understanding regarding the importance of 

taking anticoagulants regularly, patient compliance may 
become an issue. However, being compliant with out-of-
hospital medication regimens is crucial to recovery from 
VTE. Another challenge for patients when transitioning 
from the inpatient setting to home or another facility 
may be lack of social supports or social systems. 
Trying to maneuver the health care system alone can 
be overwhelming, and not having access to essential 
resources can be detrimental to a patient’s health.  

Given all of the potential obstacles patients face during 
this vulnerable time underscores the necessity for smooth 
transitions from one phase of care to the next.

SOLUTIONS FOR VTE TOC
In order to decrease the morbidity and mortality 

associated with VTE, determining and operationalizing 
protocols to ensure access to and adherence and 
compliance with anticoagulation is critical. Creating 
a “meds to beds” program whereby a patient would 

TABLE 1.  BARRIERS TO VTE TRANSITIONS OF CARE
Potential Barrier Population Affected Necessary Topic or Concern
Communication Provider to provider Lack of a point person from the inpatient team

Incomplete transfer of information:
•	 Complete and timely discharge summary of hospital course
•	 Pending tests
•	 Anticoagulation plan
•	 Follow-up/postdischarge appointment time and place

Provider to patient Education and understanding with regard to:
•	 Etiology of VTE
•	 Treatment plan
•	 Length of anticoagulation
•	 Acute and long-term potential physical, functional, and emotional complications/

effects of VTE
•	 Potential complications from treatment
•	 Concerning symptoms for which medical attention is advised
•	 Who and how to call with questions or concerns

System or social supports Patients Lack of access to essential resources
Lack of support from friends, family, or community

Anticoagulation Patients Lack of insurance coverage
Unaffordable cost
Interaction with other medications
Lack of or misunderstanding regarding dose and administration
Avoidance of high-bleeding-risk situations
Avoidance of NSAIDs or aspirin-containing products unless medically necessary

Provider Need for prior authorization
Choice of anticoagulant based on patient and drug characteristics (eg, renal failure, liver 
disease, pregnancy, cancer, obesity)

Abbreviations: NSAIDs, nonsteroidal anti-inflammatory drugs; VTE, venous thromboembolism.
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not leave the hospital without medication in hand 
addresses the cost and insurance barrier. It is important 
for patients not only to have easy and affordable access 
to anticoagulation, but also to understand the rationale 
behind, side effects of, and how to take this vital 
medication. Understanding both the disease process 
and its treatment plays an enormous role in long-term 
treatment success. This task can be accomplished by 
providing patients with simple, clear, culturally sensitive, 
and appropriate information.10 Visual aids and videos 
may also help break down complex medical terminology 
and educate patients about what happened to them 
and how the medications work. In addition, asking 
patients to “teach back” what they heard can help 
gauge their understanding. Offering videos and other 
educational materials during the acute hospital setting 
will allow patients the opportunity to ask questions 
prior to discharge. Patients must also be provided with 
appropriate contact information if problems or other 
questions arise after discharge. Furthermore, before 
leaving the hospital, patients should have a timely 
(usually within a week) follow-up visit scheduled with 
a VTE specialist to ensure continuity of care. To take it 
one step further, many programs have a nurse call the 
patient within 24 to 48 hours of discharge to inquire 
about adverse events and medication compliance and 
address any questions or concerns. Importantly, in order 
to ensure a smooth transition from the inpatient setting 
to home (or another facility), the primary inpatient team 
must provide a comprehensive discharge and follow-up 
plan, which includes what prompted the admission; a 
detailed hospital course including any procedures and 
significant or pending results; a specific anticoagulation 
plan with rationale for type, dosing, and any concerns for 
side effects; and the time and place of the follow-up visit.

Finally, the COVID-19 pandemic brought an 
opportunity to redesign how the medical community 
delivers health care. By providing telehealth visits to 
patients with VTE, the costs associated with routine 
follow-up visits, such as transportation, parking, and 
having to take time off of work, will be dramatically 
reduced, which may lead to an increase in follow-up 
compliance. Further ideas to improve patient follow-up 
care include a VTE tool kit with solutions that address 
each of the challenges and barriers faced by patients or an 
interactive phone application specific to VTE.

MEASURING THE EFFECTS OF A SUCCESSFUL 
VTE TOC PROGRAM

With any new program, it is important to measure 
the success and identify opportunities for improvement 
through clinically meaningful metrics. Metrics specific to 
a VTE TOC program will mirror the general goals, which 

are to effectively educate patients about their illness 
and treatment and develop strategies to minimize the 
complications associated with those medical conditions. 
Hospital length of stay and readmission rates are two 
important outcomes important to both patients and 
payors alike. Using electronic health records will help 
identify whether patients have a follow-up visit in 
place prior to discharge. Medication diaries can be 
used to assess compliance with home regimens. Patient 
satisfaction scores and functional assessments are 
examples of further qualitative measurements.17

USING THE PERT CONSORTIUM® TO 
IMPROVE VTE TOC

The National PERT Consortium®, a 501(c)(3) nonprofit 
organization founded in 2016 for the purpose of 
promoting the multidisciplinary care of patients with PE, is 
ideally posed to help create, implement, and disseminate 
a VTE TOC program. The PERT Consortium® consists 
of over 150 institutions and over 1,500 clinicians in the 
United States and globally, and it is focused on improving 
outcomes from PE by advancing its recognition, diagnosis, 
and treatment.18 PERT teams are on the front lines of 
managing patients with PE at their institutions.19 The 
education and clinical protocols committees of The 
PERT Consortium® are collaborating with corporate 
partners to develop a comprehensive VTE TOC program. 
Furthermore, The PERT Consortium® manages the largest 
prospective United States registry of PE patients, which 
serves as a database for future research and clinical 
innovation. The PERT Consortium® will leverage the 
infrastructure of this existing registry, which utilizes the 
user-friendly and rapidly scalable REDCap Cloud platform, 
to collect TOC metrics to further refine the program.

CONCLUSION
VTE is a major cause of morbidity and mortality, and 

patients are often hospitalized for the initial treatment. 
However, care does not stop there, and the transition 
from inpatient stay to home or another facility is a 
vulnerable time. Creating a comprehensive VTE TOC 
program is vital to safely and effectively treat VTE 
patients. Using The PERT Consortium® to identify barriers 
and create solutions will help develop a successful VTE 
TOC program. The PERT Consortium® is also poised to 
disseminate and measure the effect of the program and 
further improve on its goals.  n
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Interhospital transfer (IHT) for critically ill patients is 
an established area of clinical research that spans the 
discipline of medicine.1-8 Areas like trauma, stroke, and 
ST-segment elevation myocardial infarction (STEMI) 

have well-established protocols for IHT. Each critical illness 
has been studied to understand differences in patient 
characteristics and outcomes between patients transferred 
to institutions more capable of providing advanced 
comprehensive care. Processes of care have been studied 
with laudable goals of improvements in early recognition 
of the need for transfer, avoidance of delays, safe conduct 
of patients in transfer, and regionalization of care. Resource 
utilization and complications comparing patients directly 
admitted to comprehensive centers versus those transferred, 
such as intensive care unit (ICU) length of stay, costs, and 
rates of readmission, have been studied. A recent Pubmed 
search (April 25, 2021) documents the degree of scientific 
investigation of IHT: 458 citations for “interhospital transfer” 
and “mortality”; 314 citations for “interhospital transfer” 
and “trauma”; 140 citations for “interhospital transfer” and 
“stroke”; 99 citations for “interhospital transfer” and “STEMI”; 
40 citations for “interhospital transfer” and “sepsis”; and 
33 citations for “interhospital transfer” and “pregnancy.” 
However, the search strategy for “interhospital transfer” and 
“pulmonary embolism” yielded only one citation, which was 
a case report.9 

The National Pulmonary Embolism Response Team 
(PERT) Consortium®, founded in 2015, is dedicated 
to promoting multidisciplinary care of patients with 
pulmonary embolism (PE).10,11 Presently, there are more 
than 125 member institutions in the United States and 
seven internationally, with professional membership 
representing at least 10 different specialties.12 PE is the 
third most common cardiovascular cause of death and is 
estimated to be responsible for 60,000 to 100,000 deaths 
in the United States annually.13,14 Over the past decade, 
there has been rapid evolution in advanced care, including 

critical care support and interventional therapies for PE 
patients.15 However, many patients with PE first present to 
hospitals that are incapable of providing such care, making 
the process of IHT a potential barrier to their outcome. The 
key here is process, which represents the continuum from 
first diagnostic consideration of PE to safe arrival at the 
receiving center. Within this continuum, especially in the 
case of high- and intermediate–high-risk PE, there are points 
of critical decision-making and rapid execution that must 
be managed correctly and decisively to improve chances 
of survival. Unlike trauma and STEMI for which advanced 
trauma life support and advanced cardiac life support exist 
to guide practitioners, no such guidance has been developed 
and disseminated for PE.

IHT AND PE: A CRITICAL GAP IN KNOWLEDGE 
AND EFFORT

As noted, there has been little IHT research in PE. In 
2015, a group at Vanderbilt presented an early report of the 
structure and function of their PE network.16 They reported 
31 patients, comparing 14 transferred from network 
hospitals and 17 directly admitted to Vanderbilt University 
Hospital. No mortality differences were reported. Recently, a 
group from Beth Israel Deaconess Medical Center reported 
1,994 patients with acute PE, 682 (34.2%) of whom were 
transferred.17 PE-related and overall mortality were higher 
in transferred patients, and advanced therapies were more 
commonly used in transferred patients. However, there 
was no statistical difference in mortality in the subgroup 
of submassive and massive PE patients who received care 
in the ICU. These data still form an early and incomplete 
picture about the importance of well-executed transfer for 
critically ill PE patients. The number of deaths that occur 
between PE diagnosis and arrival at the destination center 
is unknown. PE-related mortality due to transfer delays, 
for reasons ranging from initial failure to recognize the 
need for transfer, bed unavailability at receiving hospitals, 

The Interhospital Transfer Project of 
The PERT Consortium®: A Call to Action 
for Pulmonary Embolism
Addressing the gap in knowledge in interhospital transfer of patients with pulmonary embolism. 
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lack of extracorporeal membrane oxygenation (ECMO) 
circuit availability, and even suboptimal weather, has not 
been defined. 

With the multidisciplinary collaboration within The 
PERT Consortium®, the gap in evidence, research, and 
education of frontline practitioners targeted toward IHT of 
PE as compared to other critical illnesses has been recently 
recognized. In 2019, support for initial research was awarded 
in the form of an unrestricted, investigator-initiated grant 
from Boston Scientific Corporation to begin the process of 
investigation and quality improvement in IHT for PE. The 
IHT project (IHTP) became the work of the clinical protocols 
committee (CPC) of The PERT Consortium®. Its primary goal 
was to develop a step-by-step guide to the stabilization and 
transfer of critically ill PE patients. Additional goals included 
identification of existing barriers in the IHT process and 
increasing awareness and education on definitive PE care.

THE IHTP
The IHTP is organized into work groups (WGs) and 

subcommittees to address the following four needs:
•	 WG 1: Identify and review critical processes and issues 

associated with IHT for PE
•	 WG 2: Identify problems and barriers to transfer of PE 

patients by surveying both transferring and receiving 
providers through a structured interview process

•	 WG 3: Analyze data from The PERT Consortium® 
database to compare characteristics and outcomes of 
transferred versus directly admitted PE patients

•	 WG 4: Disseminate findings to frontline practitioners as 
well as receiving physicians

WGs 1, 2, and 3 mainly include members of the CPC. 
WG 4 collaborates with the education committee of The 
PERT Consortium® and will include webinars, podcasts, and 
development of teaching materials. WG 1’s project was felt 
to be especially critical to the overall IHTP and has been 
completed in partnership with members of the CHEST 
Pulmonary Vascular Disease Network.18 Progress made to 
date includes manuscript preparation, submission, review, 
and revision for WG 1. WG 2 and WG 3 have manuscripts 
currently in development. The IHTP is recognized by all 
participants as a call to action to begin investigative and 
quality improvement research in IHT for PE. The IHTP is the 
beginning—not the end.

GENERAL CONSIDERATIONS FOR IHT FOR PE
After a PE patient is diagnosed and risk stratified, initiation 

of anticoagulation is the first step in PE management. Then, 
the frontline clinician must decide if the patient needs to 
be admitted to that presenting institution, transferred to 
another institution, or discharged home. That clinician may 
consider transfer if the patient has been diagnosed with 
an intermediate- or high-risk PE, the patient has complex 

medical problems, the facility lacks advanced PE treatment 
options, the facility lacks beds or expertise to treat for such 
a patient, or a patient has a high bleeding risk. Transfer of a 
critically ill patient begins with a call from the transferring 
facility to the receiving institution’s call/transfer center. 

Each receiving institution has a protocol in place 
to stimulate the call center, such as the activation of 
the institution’s PERT or other accepting provider. 
Physician-to-physician communication will be promptly 
initiated. In most receiving centers, a single physician is 
the point person and triages the call with subsequent 
involvement of the PE interventionalist, ECMO service 
provider, and/or cardiac surgeon depending on the situation. 
Important basic patient information must be obtained in the 
call, such as vital signs including trends in heart rate, blood 
pressure, and respiration; oxygenation status and support; 
mentation and patient comfort or distress; historical features 
such as syncope and presence or absence of visible trauma; 
comorbidities; bleeding risks and review for contraindications 
to thrombolysis; and available family support. It is of utmost 
importance to establish if systemic anticoagulation has been 
administered. If it has not, the receiving physicians will help 
advise the transferring team to do so promptly.

Requests for transfer may differ depending on the status 
of the patient. The type of transport (air vs ground) will also 
depend on the severity of illness and availability of transport 
crew. Patients presenting to and being transferred from an 
emergency department differ from those transferred from 
an ICU. Additionally, hemodynamic optimization prior to 
transfer is key in achieving a safe and successful transfer. 

An example of a difficult transfer call would be as follows: 

Management of this patient is affected by many factors. 
Some considerations that transferring and receiving 
practitioners may encounter include: Is the transferring 
physician willing to start systemic anticoagulation? If the 
patient experiences cardiac arrest again and given no other 
available recourse, will systemic thrombolysis be administered? 

A woman in her early 40s with obesity collapses after rising from 
her hospital bed on postoperative day 2 after a total abdominal 
hysterectomy. After a brief period of cardiopulmonary resuscitation, 
return of spontaneous circulation is achieved. PE is strongly suspected. 
She is moved to the ICU where a transthoracic echocardiogram shows a 
markedly dilated right ventricle with a positive McConnell’s sign. She is 
awake and alert but seems to be in distress. She has a small laceration 
and hematoma on the back of her scalp from the fall. Blood pressure is 
90/50 mm Hg and heart rate is 130 bpm. Two vasopressors have been 
initiated for hemodynamic support. Her SaO2 on high-flow oxygen is 
90%. The resuscitating physician and team have done an excellent job 
and call for transfer with strong suspicion of PE.
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If the patient cannot be adequately oxygenated, is the 
transferring physician able to manage her airway and perform 
a hemodynamically neutral intubation? Is the transferring 
physician willing to try a intravenous fluid bolus while awaiting 
transfer? Can the patient be safely transferred? Should it be by 
air or by ground? What’s the weather? What’s the condition of 
metro traffic? Can you dispatch your mobile ECMO team to 
the patient to initiate ECMO prior to transfer?

In this sample case, there is a contraindication to 
administration of systemic tissue plasminogen activator 
(tPA). However, what if the scenario was different and there 
were no contraindications? Every PERT receiving team 
has encountered frontline physicians who are hesitant to 
administer tPA. The same frontline physicians who readily 
administer tPA for stroke (which has become standard 
practice) are often unsure about its use for high-risk PE. This 
may serve to unnecessarily raise the risk of deterioration 
in transfer and highlights the rudimentary state of our 
education and support of frontline providers of PE care as 
compared to stroke.

Although the most dramatic transfer dilemmas often arise 
in cases of high-risk PE, patients with intermediate–high-risk 
PE also require careful consideration. Conundrums arise 
when transfer is delayed, and patient care must ensue at the 
facility requesting transfer.

Finally, what about issues of futile care? Frequently, PERTs 
at advanced centers are asked to accept transfer of patients 
critically ill with PE, only to later learn that the patient 
in question is terminally ill from other causes such as a 
widely metastatic tumor. Bed shortages exist, and especially 
during the pandemic, such transfers could consume critical 
resources for patients in greater need. Issues of end-of-life 
care arise frequently with PE, and these need to be dealt with 
in a more forthright and appropriate manner.

CONCLUSION
Management of PE through multidisciplinary PERTs has 

often been called the “coalition of the willing.” The importance 
of the multidisciplinary nature of a PERT on the call with a 
frontline provider during a PE crisis cannot be overemphasized. 
The PERT receiving specialists may be especially helpful in 
guiding frontline physicians away from high-risk intubation or 
toward appropriate administration of systemic thrombolysis. 
Experience and collaboration are key, but research, data, 
and education are ultimately needed to clarify and improve 
the systems process. Above all, education is fundamental to 
advance the IHT of PE patients into the future, and The PERT 
Consortium®’s IHTP represents only the beginning.  n
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T he devastating impact of COVID-19 on global 
health care delivery, especially intensive care 
medicine, has been unparalleled. A substantial 
contributor to this impact is the predilection 

of the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) virus for the respiratory tract, which in 
turn leads to an elevated transmission rate along with 
a propensity for lung infection and severe hypoxemia 
frequently requiring intensive care unit (ICU) level of care. 
Early in the pandemic, numerous reports emphasized an 
increased incidence of venous thromboembolism (VTE) 
in the setting of SARS-CoV-2 infection, prompting many 
to suggest a change in VTE prophylaxis for these patients.1 
In addition, autopsy reports suggested multiple thrombi 
present in the lungs of COVID-19 patients, raising the 
specter of a viral-induced coagulopathy and/or vasculitis.2 
By coupling this concept with the well-described “cytokine 
storm”3 induced by this coronavirus, the lungs have the 
potential to be damaged on all levels, further escalating the 
challenge in caring for these patients.

PATHOPHYSIOLOGY OF SARS-CoV-2
At the basic level, SARS-CoV-2 relies on the 

angiotensin-converting enzyme 2 (ACE 2) and 
transmembrane serine protease 2 (TMPRSS2) receptors 
for cell entry.4 These critical host entry receptors are 
both heavily concentrated within the pulmonary 
vascular endothelium and in alveolar epithelial cells, 
which explains in part the tremendous pulmonary 
pathophysiology seen with COVID-19. The vascular 
endothelium is a dynamic system, and its activation 
triggers a cascade of inflammation via numerous cellular 
mechanisms. The cytokine storm phenomenon ensues, 
with elevated levels of biomarkers including fibrinogen, 
interleukin-6, von Willebrand factor, tumor necrosis 
factor-α, C-reactive protein, D-dimer, and others. 
Additionally, the endotheliopathy induced by SARS-CoV-2 
infection can induce a hypercoagulable state, leading 
to an increase in the incidence of thromboembolism 

(including arterial thrombosis), also termed as “CAC” 
or COVID-19–associated coagulopathy.5 In a landmark 
early autopsy study of COVID victims, the lungs showed 
diffuse alveolar damage, severe endothelial injury, and 
a unique preponderance of widespread thrombosis 
with microangiopathy in the vascular beds.2 This 
hypercoagulable state along with a high prevalence of 
traditional risk factors for VTE among COVID-19 patents, 
such as immobility, central venous catheters, and critical 
illness, has further spurred interest into how to prevent 
these vascular events.

PREVALENCE OF VTE IN COVID-19 PATIENTS
The true prevalence of VTE in patients with COVID-19 

is unclear and varies widely among studies. This is due to 
the tremendous difficulty in performing CTA on many 
patients due to fear of spread, as well as the critically ill, 
severely hypoxemic nature of these patients precluding their 
safe transport outside of the ICU. Evidence for this most 
recently came from a single-center study at a New York 
academic hospital examining the number of pulmonary 
embolism response team (PERT) activations during the 
pandemic. In this study, Finn and colleagues reported 
a much lower use of CTA for the definitive diagnosis of 
pulmonary embolism (PE) in COVID-19 patients compared 
to historical controls (58.1% vs 92.3%; P = .001), likely 
leading to an underdiagnosis of PE in these patients.6 The 
literature is also fraught with the confounders of various 
strategies of anticoagulation used in these patients, which 
makes the true incidence unknown to date. Kollias et al 
recently demonstrated a pooled prevalence of PE and 
deep vein thrombosis of 32% (95% CI, 25%-40%) and 27% 
(95% CI, 21%-34%), respectively, across 47 studies performed 
through the end of September 2020.7 Although the true 
prevalence is unknown and the numbers vary by study, 
all reported studies show a higher incidence of VTE in 
COVID-19 patients compared to those without COVID-19 
based on historical data. Even in view of potential selection 
bias in clinical studies, the numbers are high.

COVID-19 and Venous Thromboembolic 
Disease: Where Are We Today?
What is currently known about the pathophysiology of the SARS-CoV-2 virus, prevalence of 

venous thromboembolism in COVID-19 patients, and the current approach to anticoagulation.

By Andrew J. P. Klein, MD, and Victor Tapson, MD
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ANTICOAGULATION IN COVID-19 PATIENTS
The higher prevalence of VTE in COVID-19 patients 

has prompted numerous studies evaluating various 
levels of aggressiveness of prophylactic anticoagulation 
in an attempt to effectively prevent this potentially fatal 
complication. Most recently, the INSPIRATION randomized 
trial, conducted at 10 centers in Iran, showed no difference 
between intermediate-dose (enoxaparin, 1 mg/kg daily) 
and standard prophylactic dose (enoxaparin, 40 mg daily) 
anticoagulation in 562 COVID-19 patients admitted to 

the ICU on the composite endpoint of adjudicated venous 
or arterial thrombosis, treatment with extracorporeal 
membrane oxygenation, or mortality within 30 days.8 
However, in this trial, mortality in each group was > 40% 
(ie, much higher than at most United States academic 
hospitals treating a large number of COVID-19 patients), 
and thus it is unclear if these results can be extrapolated 
to United States centers. Several multicenter randomized 
trials (ACTIV-4a,9 ATTACC,10 PROTHROMCOVID,11 
REMAP-COVID12) evaluating various anticoagulant dosing 

TABLE 1.  SUMMARY OF THE NATIONAL PERT CONSORTIUM® POSITION STATEMENTS ON THE DIAGNOSIS AND  
TREATMENT OF PE IN COVID-19 PATIENTS

PERT Consortium® Position Statements on COVID-19 and PE
•	 A multidisciplinary approach to diagnose and treat patients with PE is encouraged.
•	 Carefully assess the contribution of COVID-19 lower respiratory tract involvement to the presenting hemodynamic and gas exchange 

abnormalities and whether these abnormalities are out of proportion and require exploration for an alternative explanation such as PE.
•	 Because patients with COVID-19 may exhibit a hypercoagulable state, the index of suspicion for concurrent PE should be high. In patients 

with clinical and imaging findings not entirely explained by COVID-19, evaluation for PE should be strongly considered.
•	 Elevated D-dimer, in and of itself, should not be used to diagnose suspected PE.
•	 PERT consultation should take into account COVID-19 testing and results as a means of risk stratification and to protect allied health care 

providers from risk of viral transmission.
•	 For patients with mild COVID-19 symptoms and low-risk PE, outpatient treatment or early discharge may be considered, with close follow-up. 
•	 Indications and contraindications for thrombolysis remain unchanged.
•	 Consider systemic thrombolysis as a viable alternative in certain COVID-19 patients who are appropriate for advanced therapy but in whom 

an invasive approach may not be available because of limited resources or concerns about viral transmission.
•	 The risk-benefit ratio of medical and interventional therapy may require adjustment in patients with concurrent COVID-19 and PE.
•	 PERT consultation provides a mechanism for evaluation of complex interventional options by a multidisciplinary group of PE experts.
•	 Transfer of care for a patient with PE and COVID-19 should be requested when needed services are not available at the originating 

institution and are necessary for best care of the patient. 
•	 The potential benefit versus risk should be carefully considered on a case-by-case basis via direct communication between physicians 

from transferring and receiving institutions. PERTs can aid in this decision. 
•	 Follow-up assessment of patients with COVID-19 and PE is critical to address issues surrounding anticoagulation, follow-up testing, 

recovery and persistent symptoms, and psychologic well-being. 
•	 When possible, follow-up visits should be virtual. If persistent symptoms or concern for right ventricular failure exist, long-term follow-up 

visits may be best evaluated in person.
•	 Monitoring and collection of data obtained during follow-up visits will help the medical community understand the unique impact 

of concurrent COVID-19 and PE. Facilities caring for patients with COVID-19 and PE are encouraged to join the complimentary 
PERT Consortium® COVID-19/PE registry, which provides important data on presentation, assessment, and management of patients with 
COVID‑19 and PE and helps shape real-time decision-making and patient-level care as this pandemic unfolds. 

•	 In all care of patients infected with COVID-19, exposure should be limited, without compromising the medical information necessary to 
make critical evidence-based management decisions.

•	 Digital platforms for information exchange enable reduced exposure and facilitate real-time decision-making by a multidisciplinary team 
such as a PERT. 

•	 Careful and thoughtful advanced planning for interventional or operative procedures, particularly regarding required personnel and 
equipment, will expedite procedures and minimize staff exposure.

Abbreviations: PE, pulmonary embolism; PERT, pulmonary embolism response team.
Reprinted from Chest, 158, Rosovsky RP, Grodzin C, Channick R, et al. Diagnosis and treatment of pulmonary embolism during the coronavirus disease 2019 
pandemic: a position paper from the National PERT Consortium, 2590-2601, 2020, with permission from Elsevier.
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strategies for VTE prophylaxis in hospitalized COVID-19 
patients have been conducted. The preliminary report 
for those patients with severe COVID-19 enrolled in the 
REMAP-CAP, ACTIV-4a, ATTACC open-label, adaptive, 
multiplatform, randomized, anticoagulation trials 
(> 400 sites worldwide in total) has been released,13 but the 
final report should offer useful insight. 

These and other trials involving various permutations 
of antithrombotics, antiplatelets, and other strategies 
to combat VTE in these patients have been recently 
summarized.14 At present, there is no single risk score that 
has been proven to effectively predict which patients with 
COVID-19 are at the highest risk for VTE nor the optimal 
prophylaxis or treatment for these patients. Currently, 
clinicians must use the available data combined with 
clinical judgment regarding patient-specific risk factors for 
both VTE and bleeding. When all of the clinical trial data 
are ultimately available for analysis, we must rigorously 
and critically analyze them, taking into account the various 
forms of bias that are present in most and use them to the 
best of our abilities.

PERT Consortium® Consensus Recommendations
The pandemic has also provided a unique forum for 

the creation and expansion of PERTs across the globe. 
Born from a multidisciplinary approach to VTE, The 
National PERT Consortium® is the largest organization 
in the world specifically dedicated to improving 
outcomes in acute PE. The PERT Consortium® has 
provided consensus recommendations for the diagnosis, 
treatment, and follow-up of patients with acute PE15 and 
recently provided an update for COVID-19 patients.16 
The position statements are summarized in Table 1. 
The PERT Consortium® emphasizes the need for a 
multidisciplinary approach in those patients who may have 
two simultaneous critical cardiopulmonary conditions 
(COVID-19 and PE) while being limited in diagnostic 
testing abilities, all in a setting designed to optimize patient 
outcomes while protecting health care personnel from 
viral transmission.

CONCLUSION
The complexity of care required to optimize outcomes 

in critically ill patients with COVID-19 is staggering. 
Standardized treatment protocols based on the most 
recent literature must constantly evolve, and this requires 
a true multidisciplinary team. No one specialty can offer 
the medical literature vigilance nor the expertise required 
in such a constantly changing clinical environment; thus, 
clinicians should consider the creation of COVID-19 teams 
with expertise in pulmonary, critical care, cardiology, 
hematology/oncology, vascular medicine,17 vascular 

surgery, cardiothoracic surgery, radiology, and pharmacy 
to ensure the development of order sets that are as 
standardized as the available evidence base will permit to 
successfully prevent and treat VTE in critically ill COVID-19 
patients. Sound clinical judgment by these expert teams 
will still be required in this complex and continuously 
changing area of medicine.  n
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Pulmonary embolism (PE) is the third leading 
cause of worldwide cardiovascular death.1 
However, significantly fewer resources have 
been put into research related to innovation in 

care delivery for this disease than the top two leading 
causes of cardiovascular death: myocardial infarction 
and stroke. Although evidence-based pathways 
for care delivery fueled by evolving therapeutics 
paired with registry-based assessments for quality 
improvement are the norm for these conditions, such 
a coordinated system has been largely absent from the 
acute PE space.

PERT CONSORTIUM® PE REGISTRY
The last large-scale multicenter registry dedicated 

exclusively to the study of acute PE patients enrolled 
patients in the mid-1990s. The International Cooperative 
Registry for Pulmonary Embolism (ICOPER) enrolled 2,454 
patients with acute PE at 52 institutions in 1995-1996.2 
A series of seminal publications arose from these efforts 
that were instrumental in defining prognosis, treatment 
patterns, and outcomes for a wide range of real-world, 
hospitalized PE patients. This work has largely persisted as 
the gold standard for observational research in acute PE, 
even as the field itself has continued to evolve. For instance, 

The Promise of The PERT Consortium® 
PE Registry
A registry to inform physicians about the modern state of pulmonary embolism care, including 

risk stratification, diagnosis, and treatment.

By Eric A. Secemsky, MD, MSc, RPVI, FACC, FSCAI, FSVM; Jay Giri, MD, MPH; and  
Robert Lookstein, MD, MHCDL, FSIR, FAHA, FSVM

Figure 1.  Participating centers in The PERT Consortium® PE Registry.
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in 1996, direct oral anticoagulants had barely been 
theorized, much less developed. Imaging technologies for 
assessing the pulmonary circulation and the right heart 
were primitive compared to today’s standards. Additionally, 
the rapidly evolving wide range of interventional 
technologies we now have for acute pulmonary artery 
revascularization was nonexistent. These are just a few of 
the myriad issues that clearly need reassessment in modern, 
large, real-world PE populations.  

It is on this background that The National Pulmonary 
Embolism Response Team (PERT) Consortium® embarked 
on a mission to create a modern PE registry. Utilizing the 
backbone of member sites in the organization, The PERT 

Consortium® has assembled a 
broad group of > 30 hospitals 
that submit data on an 
ongoing basis regarding 
hospitalized patients with 
PE. Member institutions 
submitting data vary in 
size, region, technologic 
capacity, and academic 
status (Figure 1). More than 
4,600 patients have been 
entered in the registry to date, 
representing diversity in age, 
gender, race, and comorbidity 
profiles. For instance, the 
average age of a registry 
patient is 61 years, with a wide 
range of ages represented 
(SD, 18 years). Of all patients, 
currently 53% are female 
and 39% are of minority 
race. PERT activations were 
performed 56% of the time in 
the emergency department, 
whereas the remaining 
patients were consulted on 
in various hospital locations. 
Furthermore, 25% of patients 
were transferred from another 
institution prior to PERT 
activation to receive advanced 
PE care.

Additional data collected 
by the registry include 
signs and symptoms at 
presentation, risk factors for 
PE, laboratory and imaging 
studies, noninvasive and 
invasive therapies, in-hospital 
events, and longitudinal 

follow-up. These data are critical in estimating and 
categorizing PE-related risks and understanding expected 
prognoses. Importantly, in addition to participating sites 
having access to their own PE data, centers are provided 
quarterly dashboards with information on how their 
site-specific quality metrics (eg, length of stay, in-hospital 
events, follow-up visits, readmissions) vary compared with 
other participating centers (Figure 2). 

Furthermore, a newly formed PERT Consortium® 
Research and Publications Committee launched this 
year. This 12-member committee, made up of national 
leaders in PE care and representing various medical 
specialties and disciplines, was developed to facilitate the 

Figure 2.  Representative image of the PERT Consortium® PE Registry dashboard.
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use of the registry to answer pressing scientific questions 
regarding the management of patients hospitalized with 
PE. The committee has developed a research proposal 
application process to allow members of the PERT 
community to apply and lead scientific investigations 
for national presentation and peer-reviewed publication. 
The anticipation is that the registry can assist in 
eliminating the many data gaps that exist in current 
PE management.

This modern PE registry has a slightly different focus 
than ICOPER given the knowledge gained in the past and 
the specific areas of uncertainty that exist now. Specifically, 
registry patients are captured through the activation 
of PERTs, thus enriching the registry by focusing on the 
management of intermediate- and high-risk patients. Not 
incidentally, this is where most of the current controversy 
in prognosis and care lies, as management of low-risk PE 
patients is decidedly more algorithmic in the modern 
era. The PERT Consortium® PE Registry has the promise 
to better determine how contemporary hospitalized PE 
patients are being managed, obtain benchmark rates for 
adverse events, and provide much-needed longitudinal 
follow-up data on survivors of PE.

CONCLUSION
At its core, The PERT Consortium® PE Registry is a 

quality assessment and improvement tool for participating 
institutions. In an arena where level 1 data to guide the 
management of hospitalized PE patients are sparse, the 
ability for an institution to benchmark its processes 
and outcomes against like-minded peer institutions 
is invaluable. Similar to ICOPER before it, The PERT 
Consortium® PE Registry also holds considerable promise 
for informing PE practitioners and the medical community 
at large about the modern state of PE care. This includes 
important assessments regarding the evolution of risk 
stratification, diagnosis, and treatment of PE as well as 
observational analysis of the care delivery model of the 
PERT itself.  n
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