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Pulmonary embolism (PE) has an elusive presen-
tation. How has a modern clinical examination
improved diagnosis and risk stratification in
patients? Does the risk stratification look poised
to evolve as well?

Dr. Lookstein: In 2026, we're diagnosing PE faster and
with greater precision. A modern workup pairs high-quality
CT pulmonary angiography with a deliberate look at right
ventricular (RV) function, most notably the right ventricu-
lar/left ventricular (RV/LV) ratio, plus pragmatic biomarkers
and clinical scores. RV/LV is a critical indicator of right heart
recovery or failure; it's the physiologic readout of right heart
strain and is tightly linked to early adverse outcomes. Small

improvements in RV strain translate into meaningful prog-
nostic shifts, making it a critical data point for patient care
and clinical trials alike.

On stratification itself, | think we're moving beyond the
classic bins. The 2019 European Society of Cardiology (ESC)
framework that split “intermediate” into intermediate-low
and intermediate-high has served us well, but the conversa-
tion now includes a “catastrophic” subgroup within high
risk (patients in cardiac arrest or peri-arrest) because they
behave differently and demand different escalation strate-
gies. This evolution is critical because it enables activation
of tailored care pathways and ensures that patients receive
the most appropriate intervention as quickly as possible.

Dr. Rosovsky: PE remains challenging to diagnose
because its clinical presentation is notoriously nonspecific.
Advances in diagnosis stem from the systematic integration
of clinical assessment, validated prediction rules, biomark-
ers, and imaging (particularly evaluation of RV dysfunction)
rather than reliance on symptoms alone. Collectively, these
approaches have improved diagnostic accuracy and facili-
tate risk-based decision-making.

Risk stratification has evolved beyond traditional frame-
works. Clinically important phenotypes are increasingly
recognized within established subgroups. For example, nor-
motensive shock patients are considered intermediate-high
risk but exhibit impaired cardiac output and inadequate
tissue perfusion despite preserved blood pressure; this “nor-
motensive shock” phenotype is associated with a high risk
of rapid deterioration. At the other extreme, patients pre-
senting with refractory shock or cardiac arrest constitute a
catastrophic high-risk group that may require mechanical
circulatory support such as ECMO. Although these distinc-
tions are not yet fully standardized in guidelines, they are
becoming increasingly relevant in clinical practice.
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There is also growing interest in markers of end-organ
perfusion, such as serum lactate, to help identify patients
at risk before overt hemodynamic collapse. Ultimately, risk
stratification must remain dynamic: It informs not only
prognosis but also therapeutic escalation, recognizing that
patients may transition between risk categories over time.
Although anticoagulation (AC) remains the cornerstone
of treatment for all patients, the central clinical challenge
lies in identifying who requires therapy beyond AC—and
when—to improve both short- and long-term outcomes.

Dr. Fernandes: We have a lot of tools now, but it's
still incumbent on the treating clinician to consider a PE
as a possibility. Sick and unstable patients presenting with
obstructive shock should go to the CT scanner right away.
Modern 64-slice CT scans have become very good, and we
are not missing PE that is clinically evident on CT scans.

For future iterations of risk stratification, short-term prog-
nosis is important, but we also need to think about long-
term prognosis and risk stratify patients to consider both
“will they survive the next 48 hours with PE?” and also “will
they be functional at 6 months?”

| have the benefit of seeing these patients long term in clin-
ic for follow-up, and it is still surprising that after a PE episode,
upwards of 50% of patients will have worsening shortness of
breath post-PE that does not return to baseline. And, if so,
about 30% of patients show persistent perfusion defects on
the ventilation-perfusion scan. What's the risk of impairment
from? Residual defects from PE if we left this clot alone? Can
we identify patients who would be at risk for chronic compli-
cations of PE and functional impairment? Maybe that is what
we need to be using to consider interventions.

What infrastructure-level changes are helping
with the in-hospital care of acute PE?

Dr. Rosovsky: PE response teams (PERTS) have funda-
mentally transformed the in-hospital management of acute
PE. Multiple studies have demonstrated that PERT imple-
mentation is associated with improvements in care deliv-
ery, including shorter time to diagnosis, decreased time to
therapeutic AC, lower rates of inferior vena cava filters, and
reduced ICU utilization. Some studies also show improved
clinical outcomes—several pre- and postimplementation
analyses have reported reductions in mortality, including one
study demonstrating an approximate 5% decrease in mortal-
ity for each hour earlier that PE was diagnosed. The incor-
poration of the PERT concept into the 2019 ESC guidelines
reflects its growing acceptance and perceived clinical impact.

The establishment of a PERT program should be accom-
panied by a commitment to ongoing performance evalua-
tion and quality improvement. Systematic data collection,
regular multidisciplinary review of outcomes, morbidity and

*STORM-PE demonstrated superiority to AC utilizing Lightning Flash 1.0and 2.0.

mortality assessment, and continuing education are essential
components of a high-functioning program. Without a struc-
tured way to assess process and outcomes, it is not possible
to determine whether a PERT is meaningfully improving the
quality of care delivered to patients with acute PE.

Importantly, there is no single optimal model for PERT
implementation. Program structure should be tailored to the
needs, resources, and clinical environment of each institution.
However, successful PERTSs are built on rapid multidisci-
plinary collaboration, clear activation pathways, timely access
to advanced diagnostics and therapies, and structured post-
discharge follow-up care, while remaining aligned with evolv-
ing guidelines, emerging therapies, and the latest research.

Dr. Fernandes: At UCSD Health, we have implemented
an artificial intelligence software that has been instrumental
in identifying patients and coordinating care. The pulmo-
nologists and interventional radiologists are notified by
Aidoc (Aidoc Medical) and then we discuss. The pulmon-
ologist sees the patient, and we consult with our interven-
tional radiology colleagues to determine which patients
need an intervention and the timing of the intervention.

2025 had the first prospective randomized
controlled trial (RCT) of an advanced therapy
versus AC in over 10 years. What kind of signal
is that for PE? How do results of STORM-PE
give context to the modern body of evidence?

Dr. Lookstein: STORM-PE is foundational. The results of
this trial are a signal for the medical community. PE patients
randomized to Penumbra’s Computer Assisted Vacuum
Thrombectomy (CAVT™)* plus AC achieved a markedly
greater reduction in RV/LV ratio than those on AC alone,
with significantly more achieving a > 0.2 reduction and
normalization to < 1.0 at 48 hours with a comparable safety
profile. Furthermore, early right heart recovery aligned with
improved clinical measures: lower heart rate, reduced oxy-
gen requirement, and significantly greater 90-day functional
capacity found in 6-minute walk assessment.’

Importantly, these findings land within a decade of
single-arm and registry experiences but now provide
level 1 evidence.

Dr. Rosovsky: We have been waiting for a trial like
STORM-PE for more than a decade. This prospective study
enrolled 100 patients from both United States and inter-
national centers, comparing CAVT plus AC to AC alone,
the current standard of care. The trial’s findings meaning-
fully inform contemporary decision-making regarding
advanced therapies for PE, particularly by addressing the
long-standing question of how to identify patients most
likely to benefit from intervention beyond AC.
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STORM-PE enrolled patients with acute intermediate-
high-risk PE, defined by symptom onset within 14 days,
evidence of RV dysfunction on CT, and elevated cardiac bio-
markers. The primary endpoint (RV/LV ratio) was intention-
ally selected as a validated surrogate associated with mortal-
ity and widely used in prior PE trials. The study demonstrated
a significantly greater reduction in RV/LV ratio within 48
hours with CAVT compared with AC alone (29.7% vs 13.1%).

What distinguishes STORM-PE from prior studies is
its deliberate focus on recovery beyond early physiologic
improvement. Patient-centered functional outcomes were
incorporated, including post-VTE functional scale and
their predicted walking capacity (which adjusts for sex,
age, and body surface area). Patients treated with CAVT
achieved a substantially higher percentage of their pre-
dicted walking capacity at 90 days (94% vs 75%), reflecting
more complete functional recovery.

Functional endpoints are critical because they capture
outcomes that are most meaningful to patients. The inclu-
sion of a patient representative on the steering committee
underscores the study’s recognition that recovery from PE is
multifaceted and extends beyond short-term survival. Taken
together, the substantial improvement in RV function, early
physiologic recovery, and superior functional outcomes
provide a comprehensive assessment of the therapeutic
benefit of CAVT in this patient population. These data can
meaningfully inform shared decision-making when caring
for patients with acute intermediate-high—risk PE.

Dr. Fernandes: It's a really important time. For the last
25 years, we've been really focused on the right ventricle,
RV/LV ratio, and improvement in function by 48 hours. The
important thing STORM-PE did is to look at not only RV/LV
ratio at 48 hours, which has been the gold standard for a long
time, but also long-term improvements in functional mobil-
ity—which, if you ask a patient, is what they really care about.

Moving forward, | think all these trials will start looking at
post-PE syndrome and the idea that patients still have resid-
ual functional problems and their VO2 max, their ability to
exert themselves, is impaired. | think more evidence to sup-
port intervention to prevent these long-term complications
will be provided by the next generation of clinical trials.

How could this influence the medical communi-
ties’ understanding of what to offer patients?
How much do procedural factors play a role?

Dr. Lookstein: For the patient with acute intermediate-
high-risk PE, clinicians now have STORM-PE to make the
case for offering CAVT early alongside AC when the right
heart is exhibiting pathophysiologic strain. When the thera-
py is executed efficiently, the safety profile is comparable to
AC, and the potential upside is substantial.
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Procedural factors matter immensely: I've said this
before—the longer you keep a symptomatic patient on
the table, the more opportunity there is for trouble. The
Lightning Flash™ CAVT device (Penumbra, Inc.) lets us move
decisively, and now we have high-quality evidence that it’s
not just fast—it’s better for patients. In the trial, median
device time was approximately 25 minutes, and median
total procedure time was approximately 56 minutes, with
100% technical success and no device-related transfusions.

Minimizing time on the table isn't just workflow, it's safety.

Dr. Fernandes: The STORM-PE and STRIKE-PE data
showed a very low risk of device-related complications. If you
have a PE and have an option of getting it into the canister, it's
not going to make you sick anymore. You can leave the hos-
pital and take your AC to prevent a second event. It makes
patients better on the table. If we can make patients better
and get them out of the hospital, that's best for everyone.

Dr. Rosovsky: Across major medical society guidelines,
there is limited specificity on the management of interme-
diate-high-risk PE beyond AC. Current recommendations
emphasize close monitoring and consideration of rescue
reperfusion therapy only if the patient clinically deteriorates.

In this context, the STORM-PE trial demonstrated that
advanced therapy with CAVT can be safe, rapid, and effec-
tive. The study reported 100% technical success, with no
device- or procedure-related transfusions, no access site
complications, and no device-related mortality. Importantly,
safety outcomes were comparable between the treat-
ment arms through 90 days. A common concern with
interventional therapy is that the potential clinical benefit
may be offset by increased bleeding or procedural risk—yet
STORM-PE did not identify any such safety signal.

Another important aspect of this trial was the focus on
the patient-centered outcomes. Recovery from PE extends
beyond the acute event, and systematic postdischarge fol-
low-up is essential—not only to identify post-PE syndrome,
but also to address the substantial psychologic and psycho-
social consequences that patients may experience.

Guidelines are famously unchanged for several
decades, despite innovations and adoption.
What might be different now? European Society
of Vascular Medicine (ESVM) recently updated
guidelines along this fashion?; can we expect
more to follow?

Dr. Lookstein: For years, advanced therapies outpaced
the guideline process. ESVM’s recent update is an early sign
of what's to come. The 2025 guideline on interventional
treatment for VTE formalized indications and emphasized
procedures within experienced centers, signaling a broader
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acceptance of catheter-based strategies when patient selec-
tion is sound.

Ultimately, PE care has and continues to be an individu-
alized approach, such that the provider must assess the
patient in front of him/her and recommend the therapy
that offers the best outcome possible. Guideline authors
now have a foundation to align practice with what'’s already
happening in leading health care centers.

Dr. Fernandes: Patients not only did better acutely in
STORM-PE; they did better over the long term. These types
of data have been missing from this field for a long time, and
these data were necessary to really move the guidelines.

Colleagues will ask, “The STORM-PE data are positive;
does this mean that all the catheters are created equal? Can
| pick a different [aspiration] catheter off the shelf?” You
really must rise to that level of level 1 RCT data and meet-
ing a meaningful endpoint; the results are device-specific.
The complications of different devices are different, and the
same goes for the treatment efficacy.

I would not say that you can take any catheter off the
shelf because results from STORM-PE were positive. | would
say these data support CAVT and it would end there.
Hopefully, that’s what the guidelines also endorse.

What’s your forward-looking statement for 2026?

Dr. Rosovsky: We are in an exciting era for PE care, but
continued progress depends on education, awareness, and
prevention. Advances in diagnosis, risk stratification, and
treatment are already improving outcomes, and several RCTs
are expected over the next 1 to 2 years that will further clarify
which patients benefit most from advanced therapies.

Critical questions remain, particularly for special popula-
tions such as pregnant patients, children, and patients with
cancer. As evidence grows, we will better understand how
to tailor device-based, pharmacologic, or combined thera-
pies to the individual patient.

Raising awareness of risk factors and implementing
effective prevention strategies are essential and often
underappreciated components of improving outcomes.
Initiatives such as World Thrombosis Day provide an
important opportunity to highlight these issues and pro-
mote broader awareness.

Finally, PE can result in significant long-term physical and
psychologic consequences that are often overlooked unless
clinicians actively assess for them. Recognizing and address-
ing these impacts was a key motivation for incorporating
patient-centered outcomes into the STORM-PE trial.

| think we are at a true inflection point in PE care—open-
ing the door to more personalized treatment, improved
recovery, and a broader, patient-focused approach to
improving both short- and long-term outcomes.

Dr. Fernandes: When these mechanical thrombectomy
(MT) devices first came out, there were bleeding compli-
cations and catheter-related injuries, and | think we were
right to be circumspect in who was seen in the lab. Now,
the device has gotten so quick and safe that, if | have an
intermediate-risk PE, I'd call this alert for myself.

We're moving beyond just treating patients to prevent
their short-term mortality and decompensation. CAVT has
become so safe and efficacious that we can use it not only to
prevent that short-term mortality but also to treat patients
to prevent long-term cardiopulmonary disabilities such as
chronic thromboembolic disease.

I think that's where we are moving. We already showed
a functional improvement. Does being aggressive prevent
these long-term complications of PE? | think in the next
5 years, we'll have data showing that in addition to the func-
tional improvements we already know.

Dr. Lookstein: Looking ahead, | expect three things:

1. Risk stratification will get sharper—with formal
recognition of a more complex and comprehensive
classification spectrum. There will be a “catastrophic”
subset inside high risk and more automated RV
metrics embedded in radiology workflows to prompt
earlier activation.

2. Broader recognition and adoption of early MT. We now
know that subsequent gains in functional capacity at
90 days are only realized with early interventional treat-
ment such as CAVT. Restored function is meaningful to
the patient and provider alike, so these advanced thera-
pies should be considered when appropriate.

3. Guidelines begin to catch up. ESVM'’s step in 2025
is likely the first of several. As additional trials read
out, | anticipate harmonized recommendations that
endorse AC plus MT for well-defined phenotypes
of intermediate-high-risk PE and require multidisci-
plinary decision-making at experienced centers.

If we keep focusing on rapid right heart recovery—
paired with measured procedural efficiency—we’ll move
this field from emerging to routine. That's the future
| want our patients to experience. W
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