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he treatment landscape for venous and arterial
disease has undergone significant transformation
over the past few decades. From traditional open
surgical approaches and anticoagulation thera-
pies to the more advanced endovascular techniques,
the emergence of the most cutting-edge tools and
technologies are opening doors to increasingly effective
and timely venous thromboembolism (VTE) and arterial
management.

Outdated technologies have emphasized the need
for innovation in thrombectomy. Surgical embolec-
tomy comes at a great cost, with poor limb salvage
rates, extensive procedure times, and high infec-
tion rates, often requiring additional reintervention.
Thrombolytics may have their own shortcomings:
numerous contraindications, risks of major bleed-
ing and acute kidney injury, and extensive treatment
times, to name a few."* The use of large-bore devices
may not be appropriate for every patient and is asso-
ciated with safety trade-offs, such as limited patient
suitability, major bleeding, and serious adverse events,
including cardiovascular collapse in patients with high-
risk features.> Whether combined with a syringe or a
power vacuum pump, many of the recent catheter
designs do not utilize frontline blood mitigation tools
or algorithms. It’s clear that these options leave much

CAVT was used in 43.7% of cases and Lightning devices only. STRIDE completed enrollment prior to launch of Lightning Bolt.

®Tests performed by and data on file at Penumbra Inc. Bench test results may not be indicative of dlinical performance.

to be desired in meeting our standard of care. We are
now at a time where that standard can be met across
a spectrum of vascular beds with an endovascular-
first approach using Penumbra’s Computer Assisted
Vacuum Thrombectomy (CAVT™).

Penumbra, Inc. has pioneered this approach with its
complete CAVT platform, designed for speed, safety, and
simplicity in thrombus removal. Recent data releases
such as STRIDE and STRIKE-PE, both utilizing Penumbra’s
CAVT technology, indicate positive long-term patient
outcomes.**” Lightning Bolt® 12 and Lightning Bolt 6X
with TraX, the latest additions to the CAVT platform,
further Penumbra’s mission to streamline thrombectomy
procedures with new catheter sizes matched to a more
diverse range of vessels. In addition, improved algorithms
are engineered to optimize thrombus removal through
modulated aspiration, coupled with an atraumatic cath-
eter design.

Lightning Bolt 12, paired with the updated Bolt 2.0
software, joins Penumbra’s complete VTE platform and
brings modulation to a 12-F profile. The applications for
Lightning Bolt 12 are diverse, including upper extremity,
portal veins, and large arterial thrombus. The Bolt 2.0
algorithm is engineered for improved clot removal
efficiency, using escalated modulation for high throm-
bus burden, making the system 3 times faster than
Lightning 12 with Separator 12 (Penumbra, Inc.).?

Penumbra’s Lightning Bolt 6X with TraX™ offers mod-
ulated aspiration designed for rapid access and manage-
ment of distal arterial thrombus below the knee. The
CAT6X catheter (Penumbra, Inc.) features advanced
coil-winding designed for superior trackability and an
enhanced hydrophilic coating for smoother navigation.
It also introduces the first Penumbra arterial-designed
dilator, TraX, providing precise vessel selection with
99% ledge reduction for continuous navigation to the
target lesion.’
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Our optimism around the impact that CAVT has had
on the thrombectomy paradigm grows as Penumbra
continues to innovate. It’s safe to say that CAVT is revo-
lutionizing the thrombectomy management landscape.
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MANAGEMENT OF BELOW-THE-KNEE
ARTERIAL OCCLUSION WITH

LIGHTNING BOLT 6X WITH TRAX
POST-FEVAR

Contribution from Indiana University Health, Heart &
Vascular Care, Indianapolis, Indiana.

PATIENT PRESENTATION

A man in his early 70s presented to the hospital with
symptoms of an arterial occlusion after bilateral cut-
downs following a fenestrated endovascular aneurysm
repair (FEVAR). Distal pulses were confirmed prior to
abdominal aortic aneurysm (AAA) intervention, and
post-procedure pulses were undetectable in the left
dorsalis pedis artery.

INTERVENTION

Initial angiograms were obtained, and clot was vis-
ible in the left anterior tibial and tibioperoneal arteries
(Figure 1). Access was achieved with a short, 6-F sheath
that was introduced into the left common femoral artery.
A 7-F, 45-cm Destination sheath (Terumo Interventional
Systems) and 0.014-inch Glidewire Advantage (Terumo
Interventional Systems) were inserted, followed by
Lightning Bolt 6X with TraX. With one pass, acute throm-
bus was successfully removed with insignificant blood
loss. The recorded device time was under 1 minute. Final
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Figure 1. Initial angiogram
of occlusion in the anterior
tibial and tibioperoneal
arteries.

Figure 2. Post-
thrombectomy angiogram
of the left anterior tibial
and tibioperoneal arteries.

angiograms showed successful removal of the thrombus
(Figure 2), and the left dorsalis pedis artery pulse indicated
distal flow. The patient was kept overnight due to standard
FEVAR AAA graft protocol and discharged the next day.

CONCLUSION

This was our first experience with Lightning Bolt 6X with
TraX, and we were pleased with the ease of use and posi-
tive results of CAVT. The features of Penumbra’s Lightning
Bolt 6X with TraX made for easy navigation through the
tortuous anatomy. Increasing the aspiration capabilities
with modulated aspiration while keeping 6-F access for this
patient was essential and allowed us to be able to detect
and remove thrombus quickly.
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PATIENT PRESENTATION

A woman in her early 80s presented with signs and
symptoms of acute lower extremity arterial insufficiency.
A pre-procedure CTA revealed a rare anomaly: a persis-
tent sciatic artery (type lIA). This anomaly was associated
with a large aneurysm, likely secondary to long-term
bony compression. Distal to the aneurysm, an occlusion
of the popliteal artery was identified.

Given the patient’s advanced age, the treatment
approach prioritized minimally invasive intervention.
A covered stent was used to exclude the aneurysm, fol-
lowed by suction and catheter-assisted vacuum throm-
bectomy (CAVT) utilizing Penumbra’s Lightning Bolt 12
device. This approach was chosen to address the vessel
dilation caused by the disease process effectively.

INTERVENTION

Access was achieved contralaterally with a 5-F sheath
before upsizing sequentially to an 8-F sheath and
then a 12-F DrySeal sheath (Gore & Associates). Once
the aneurysm was excluded, Lightning Bolt 12 was
inserted, and we aspirated through the popliteal artery.
Reperfusion of the vessel was achieved after three
passes of the device (Figure 3). The intervention was
successful, with a 3-minute device time and insignificant
blood loss.

CONCLUSION

Given the size of the ectatic vessels and chronicity
of the clot, having a 12-F device was paramount and
allowed for the best possible result for such a complex
case. The procedure went smoothly, with Bolt Mode
working as designed, sampling in patent vessel, and
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Figure 2. Occlusion show-
ing emboli in the popliteal
artery.

Figure 1. Sciatic artery aneu-
rysm measuring 4 cm.

Figure 4. Thrombus removed
from the popliteal artery.

Figure 3. Angiogram showing
full reperfusion after Lightning
Bolt 12.

employing modulated aspiration in thrombus (Figure 4).
The device enabled full reperfusion in record time, and
with < 50 mL of blood loss. Lightning Bolt 12 proved to
meet our expectations in this case and continues to set
new standards for speed, simplicity, safety, and efficacy.
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PATIENT PRESENTATION

A woman in her early 60s with Crohn’s disease and
multiple prior femoropopliteal deep vein thromboses
(DVTs) presented to the emergency department. An
inferior vena cava (IVC) filter had been placed several
years previously due to a prior DVT with concurrent gas-
trointestinal bleed, and the patient now presented with
new-onset lower extremity DVT and abdominal pain. CT
revealed bilateral venous thrombus involving the external
iliac veins and extending into the left common femoral
vein (CFV) (Figure 1). The patient was immediately put
on enoxaparin with a plan to perform thrombectomy
with Lightning Flash™ 2.0 (Penumbra, Inc.) and retrieve
the filter using jugular access.

INTERVENTION

Due to the extent of the occlusion and the IVC filter,
Lightning Flash 2.0 was the best option for this case. A CTV
was performed, showing thrombus in both the femoro-
popliteal segment (Figure 2) and the profound vein. We
were able to remove thrombus from both areas from
one internal jugular access site, rather than accessing the
popliteal veins and obtaining separate access to remove
the filter. The longer catheter lengths and flexibility were
extremely valuable in achieving this and restoring inflow
with ease.

POST-PROCEDURE OUTCOME

At 1-month follow-up, the patient’s venous stasis
symptoms had completely resolved and there was no
indication of rethrombosis (Figure 3). Lightning Flash 2.0
performed extremely well in the filter-related iliocaval
thrombus from a single access site.
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Figure 1. Pre-procedural venograms showing thrombus in
the IVCfilter and iliofemoral segment.

Figure 3. Post-procedural
venogram showing full
reperfusion.

Figure 2. Intraprocedural veno-
gram showing the Lightning
Flash 2.0 catheter in the left CFV.
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PATIENT PRESENTATION

A woman in her early 70s with a medical history of
hypertension, hyperlipidemia, peripheral artery disease,
type 2 diabetes mellitus, and a recent diagnosis of stage IV
pancreatic cancer presented to the emergency department
with hour-long chest pain and dyspnea, as well as cramp-
ing in the right calf. She underwent the CT pulmonary
embolism (PE) protocol, which showed significant clot bur-
den with a saddle PE extending into the bilateral main pul-
monary arteries (PAs) (Figures 1 and 2). Her lactate level
was 8.2 mmol/L. She was started on a heparin drip and
had evidence of hypoxia that required 3 L of nasal cannula.
Initial vitals recorded a blood pressure of 117/82 mm Hg,
pulse of 96 bpm, SpO, of 87%, and respiratory rate of
31 breaths per minute. There was evidence of right heart
strain with a right ventricular/left ventricular ratio of 1.4 by
CT, as well as a high PE Severity Index. Given the large clot
burden, marginal hemodynamics, and hypoxia, we decided
to move forward with CAVT with Lightning Flash 2.0.

INTERVENTION

After achieving wire access, the Lightning Flash 2.0 was
inserted. While in “Gallop Mode,” the saddle clot burden
and subsequently the left and right main PAs were aspi-
rated. Once the algorithm returned to “Sampling Mode,”
aspiration was turned off and angiograms were obtained
to assess the progress. After 5 minutes of aspiration, reper-
fusion of the main PAs and distal branches (Figures 3-5)
was achieved, with improvement in the patient’s vital signs
and no device-related complications.

CONCLUSION

Lightning Flash 2.0 performed exceptionally and was the
truly best option for this case due to its speed and safety
in getting the patient off the table. CAVT offers the most
advanced form of thrombectomy on the market and is our
go-to treatment for intermediate- to high-risk PE.

Sponsored by Penumbra, Inc.

Figure 1. Initial angiogram of ~ Figure 2. Initial angiogram of
the left lobe. the right lobe.

Figure 3. Post-thrombectomy Figure 4. Post-thrombectomy
angiogram of the left lobe. angiogram of the right lobe.

Figure 5. Thrombus removed.
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PATIENT PRESENTATION

A man in his mid 70s with history of prostate cancer,
currently undergoing chemotherapy, presented with
severe hypotension and mild hypoxia.

Upon examination, the patient was diaphoretic and
experiencing no chest pain. He had elevated troponins, as
well as an elevated brain natriuretic peptide (BNP). The
patient was contraindicated to thrombolytics due to a
recent spinal surgery. CT revealed a massive saddle pul-
monary embolism and right ventricular/left ventricular
ratio of 2.7, indicating significant RV strain.

INTERVENTION

After gaining access in the right CFV under ultrasound
guidance, we selectively catheterized the pulmonary artery
over a 0.035-inch exchange guidewire and a 5-F pigtail
catheter. We advanced into the distal, right, lower lobar
pulmonary artery, then exchanged the guidewire for a 1-cm,
floppy-tip, 0.035-inch stiff Amplatz. Sheath exchange was
performed for Penumbra’s 17-F Element™ sheath and dila-
tor. Element features a HemoLock™ valve system, designed
to ensure hemostatis, and a laser-cut hypotube design to
help maintain stepwise support throughout the vasculature.
Penumbra’s Lightning Flash 2.0 was inserted, and aspiration
was performed in the right main, interlobar, and descending
vessels, then into the upper lobar artery. The Element sheath
allowed easy access to the left pulmonary artery, where
thrombectomy was performed in similar fashion. After
20 minutes of device time, clot was removed and reperfu-
sion was achieved with an estimated blood loss of 150 mL.

CONCLUSION
Post-procedure, mean pulmonary pressures decreased
from 38 mm Hg to 21 mm Hg and O, saturation

32 INSERT TO ENDOVASCULAR TODAY JANUARY 2025 VOL.24, NO. 1

Figure 1. Angiogram depict-
ing Element sheath in the
main PA.

Figure 2. Angiogram depict-
ing Lightning Flash aspiration
catheter through Element
sheath.

Figure 4. Thrombus
removed from the left PA.

Figure 3. Thrombus removed
from the right PA.

increased from 87% to 95%. The flexibility and torque-
ability of the Lightning Flash 2.0 catheter paired with
the foundational support of the Element sheath allowed
for excellent angiographic and clinical success. Thanks
to Penumbra’s VTE platform, complete with their
Element sheath, we were well equipped to take on this
case with confidence and perform it with ease. B

Disclaimer: The opinions and clinical experiences present-
ed herein are for informational purposes only. The results
may not be predictive of all patients. Individual results may
vary depending on a variety of patient-specific attributes.



