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coming from technological improvements.

ABSTRACT

Acute limb ischemia still represents a challenge for the contemporary vascular surgeon, representing an immediate threat for patients’ limb but
potentially also for the proper patient life in some settings. Technology recently evolved and focused on the treatment of such complex situation.
Several devices are available as of today allowing a complete acute limb ischemia endovascular management, aiming to remove intraluminal
material while leaving the possibility for treating the underlying pathology when needed. In this review, proper specific device characteristics,
indications and advantages are reported and discussed. Despite the broad spectrum of different available devices could appear as potentially
confounding, each device has its own features, indications, weak and strength point. Ideally the modern endovascular surgeon should master
every single tool, tailoring revascularization strategy and timing for the proper patient and arterial segment to be treated, maximizing the benefits
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Acute limb ischemia (ALI) is defined as a sudden sig-
nificant decrease in limb perfusion occurred within
the last 14 days causing a threat to limb viability. To pre-
serve viability and reduce mortality and morbidity, timely
recognition and early blood flow restoration is crucial. In
case left untreated, ALI could determine infection, necro-
sis, limb loss and ultimately, death.! Acute limb occlusion
incidence is approximately 1.5 per 10,000 persons per
year,? and clinical severity is commonly classified accord-
ing to Rutherford scoring.? Despite treatment is generally
provided in urgency, current estimates of 1-year amputa-
tion-free survival following an episode of ALI range from
50% to 65% due to the inherent underlying comorbidities
of this patient population.4 Treatment strategy depends on
etiology (thrombus or embolus), location, type of conduit
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(artery of graft), Rutherford class, onset time, patients’ co-
morbidities and therapy-related risks.

ALI is a challenging clinical entity placing patients at
risk of both life and limb loss. Surgery has long been the
paradigm for expedient revascularization. Contemporary
experience, however, has demonstrated endovascular
strategies to be safe and effective with success rates com-
parable to surgical experience. Recent data review seems
to suggest perioperative morbidity and mortality reduction
when ALI is managed via endovascular means. Based on
available evidence and experience, an endovascular first
approach to ALI is appropriate.5 Nevertheless, the ideal
treatment remains case dependent and should be tailored
on the proper patient. A successful management requires
a comprehensive understanding of the acute event and its
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etiology, in addition to a deep knowlendge of available en-
dovascular devices limitations and advantages.

Until the current decade, endovascular ALI manage-
ment mostly consisted in catheter-directed thrombolysis
(CDT). However, CDT is associated with prolonged infu-
sion times, increased risk of major bleeding events, and
the need for intensive patient monitoring. Moreover, fre-
quent contraindications to lytic therapy hurdle this thera-
peutic strategy.

Nowadays percutaneous thrombectomy (PT) devices
have further advanced endovascular possibilities. These
tools overcome most of the CDT limitations and are
emerging as effective tools for improved clot dissolution
and removal, potentially averting the need for thromboly-
sis, or reducing thrombolytic drugs doses.

PT is defined as endovascular thrombus fragmenta-
tion and removal using dedicated devices and is currently
wide-spreading as first-line therapy for ALI providing
high technical success rates for primary re-opening when
performed in peripheral arteries.o 7

In patients with increased bleeding risk, thrombus mass
debulking before local lysis aims to reduce the treatment
length, thereby limiting the thrombolytic agent dose.! PT
may also be used as an adjunctive procedure for incom-
plete thrombolysis or to treat distal embolic complications
following CDT or surgical thrombo/embolectomy.

An endovascular first approach is especially useful in
case of severe clinical symptoms, as in these cases time to
reperfusion is of paramount importance for limb salvage.

However, well organized thrombi are still problematic
for most of the available PT devices, moreover distal micro-
embolization remains a concern when using these instru-
ments. For this reason, devices with additional debries aspi-
ration were developed such us the Rotarex (Straub Medical
AG, Wangs, Switzerland), the AngioJet (Boston Scientific,
Marlborough, MA, USA) and Penumbra Indigo Mechanical
Thrombectomy System (Penumbra, Alameda, CA, USA).8-10

Various other devices designed for venous thrombosis
were tested for mechanical thrombectomy in ALIL such as
Aspirex® (Straub Medical AG, Wangs, Swiss), ThromCat
XT® (Spectranetics International, Leusden, Netherlands),
the Inari FlowTriever and ClotTriever devices (Inari Medi-
cal, Aliso Viejo, CA, USA), but applications in the periph-
eral arteries are limited.

Rheolytic thrombectomy devices

The AngioJet™ system is a rheolytic pharmaco-mechan-
ical thrombectomy device. It has been approved by the
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Food and Drug Administration to treat acute thrombosis in
venous grafts and native coronary arteries.

To date, the AngioJetTM Ultra device SOLENT plat-
form is approved for the treatment of upper and lower ex-
tremity acute peripheral arterial occlusive disease in ves-
sels with a diameter >1.5 mm.

The AngioJet system consists in three different units: a
disposable catheter, a pump set and a reusable drive unit.
The catheter is a sterile, single-use double-lumen over-
the-wire channel in which one lumen allows the entry of
high-velocity jets of saline and the other one the aspiration
of thrombotic debris along with the placement of a 0.014-
0.035’ guidewire. The high-pressure system is contained
within a stainless steel hypotube and receives fluid from
the Pump Set at 7000 to 12,000 psi pressure, which is the
pressure-limiting cut-off for the The Drive Unit.

Coming out from holes located in the catheter tip sec-
tion, fluid jets exit at approximately 16,000 cm/sec (maxi-
mum instantaneous velocity) while pressure drops near to
zero, creating a suction action according to the Bernoulli
principle.!! The high velocity jets are confined within the
catheter outflow shaft and specifically designed to avoid
any vessel wall injury. Precisely configured ports create
a low velocity recirculation pattern around the catheter
tip, taking advantage of the Cross Stream® technology.
The pressurized saline jets not only generate a localized
low-pressure zone resulting in thrombus fragmentation,
but also provide the driving force through which particles
are removed. Thrombotic debris are aspirated through the
catheter and collected in an external non-sterile bag. An
electronic air detector, located within the pump unit, in-
activates the entire system in case of leakage. The system
is designed for isovolumetric functioning: the volume of
saline infused is approximately equal to the volume of
evacuated material.!2

An additional feature provided by the AngioJet system
is the Ultra Power Pulse which allows pulsed spray deliv-
ery of thrombolytic agents (t-PA) or saline locally while
aspirating thrombus thus improving basic catheter func-
tion and gaining up to 90% success rates.!3 The most used
thrombolytic solution for this porpoise is obtained adding
20 mg of alteplase to 50 mL of saline. The power-pulsed
spray delivers 0.6 mL of thrombolytic solution with ev-
ery pulse. It is recommended to leave the solution within
the occlusion for at least 20 minutes before completing the
treatment.!4

One of the most frequent Angiojet-related complica-
tions consists in red blood cell hemolysis: in fact, the
rapid stream of fluid and hydrodynamic forces may cause
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cellular damage resulting in hemoglobinemia and hemo-
globinuria. Although these complications are frequently
clinically non-relevant,!2 Shen et al. demonstrated that
treatment with Angiojet is an independent risk factors for
postoperative acute kidney injury with a 2,82 OR com-
pared with CDT.

According to this evidence, renal protection strategies
should be implemented when using the Angiojet. Increased
clinician awareness and active vigilance for postprocedur-
al renal failure signs could allow for early recognition and
referral to nephrology services in case needed.!®

Several studies demonstrated the effectiveness of the
AngioJet system for the ALI treatment.!0. 12 The AngioJet
catheter has been reported to aspirate most of the thrombus
in patients presenting with ALI involving native vessels
and grafts.!3. 16 A multicenter registry including 99 pa-
tients treated with rheolytic thrombectomy reported 70%
substantial or complete revascularization (<50% residual
defect) and <5% in-hospital and 30-day mortality related
to limb ischemia.!2 Furthermore, primary patency rates of
74% and 69% have been reported at 3 months and 1 year
respectively.?

Kasirajan et al. investigated PT outcomes using the
Angiojet in acute and subacute limb ischemia and divided
technical success into three categories: failure (<50% lu-
minal restoration), partial success (50-95% luminal resto-
ration) and complete success (>95% luminal restoration).
In their experience, the authors reported a 61.4% complete
success rate.17

Byrne et al. compared rheolytic thrombectomy with ad-
junctive CDT (N.=71) to primary CDT (N.=83) in a retro-
spective single-center analysis and identified Angiojet use
as significant predictor of procedural success (P=0.046),
as with this approach a 90.1% success rate was obtained in
the published series.!$

In 2015, The PEARL (PEripheral Use of AngioJet Rhe-
olytic Thrombectomy with a variety of catheter Lengths)
registry data demonstrated safety and efficacy of rheolytic
PT using the AngioJet system for ALI treatment in the “re-
al-world” setting: procedural success was achieved in 235
out of 283 (83%) patients enrolled. The 12-month overall
survival and amputation-free survival rates were 91% and
81%.18-20 Subgroup analysis revealed better outcomes in
patients without infrapopliteal arterial occlusion and in
those undergoing rheolytic thrombectomy and not needing
adjunctive CDT.

However, PEARL registry was intrinsically limited by
heterogenous data for the Angiojet + CDT group. Indeed,
for these patients, treatment sequence was not considered,
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and 25% were treated with CDT prior to rheolytic throm-
bectomy. This methodological issue significantly affects
relevance of the study results.

More recently, Muli Jogi et al. in a single center review
compared the efficacy and safety profile of CDT and PT
in the management of acute limb ischemia, demonstrat-
ing how PT is associated with higher technical success
and significantly shorter length of stay compared to CDT.
However, clinical success is similar with a comparable
safety profile.2!

Similarly, Acosta et al. demonstrated that both rheolytic
thrombectomy and CDT first have high technical success
rates and concluded that a PT first appears could represent
a reasonable treatment alternative also in Rutherford IIb
patients.14

In conclusion, Veenstra et al. in a systematic review and
meta-analysis of endovascular and surgical revasculariza-
tion techniques for acute limb ischemia confirmed that An-
gioJet showed more limb salvage at 6 months compared
with CDT (OR, 2.21; 95% CI) but also, that there are insuf-
ficient data to prefer endovascular rheolytic thrombectomy
systems. Further studies are needed to effectively compare
this approach with surgical techniques and establish the
best clinical guidelines in the management of ALI.22

Atherothrombectomy devices

The Rotarex S is a rotational and mechanical thrombo-
atherectomy endovascular device indicated for acute,
subacute and chronic arterial occlusion treatment. Its cath-
eter has a single lumen, inside which a steel helix rotates
between 40,000 and 60,000 revolutions per minute, with
a central lumen for the guidewire, based on Archimedes’
endless screw concept allowing for the aspiration and
transportation of thrombotic material outside the body.
The metallic catheter tip rotates along with the internal
screw, and its peculiar chisel-like design plays an active
role for thrombus fragmentation and atheromatic plaque
removal.

The system includes four different components: an ex-
ternal electronic handle, the proper electric engine, the ac-
tive intravascular catheter and a collecting bag for aspi-
rated material.

Depending on the anatomical district to be treated three
different catheter sizes are available (6 Fr, 8 Fr and 10 Fr).

The Rotarex S catheter is advanced over a dedicated
nitinol non-hydrophilic guidewire specifically built for
athero-thrombectomy support.

Before starting a mechanical thrombectomy procedure
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it is mandatory to administer full heparinization with
100UT/kg and, when technically viable, to maintain acti-
vated clotting time above 250 seconds.

Indication for use suggest to employ the largest available
catheter fitting in the artery to be treated, ideally reaching a
1:1 ratio. In case of iliac artery thrombosis a 10 Fr catheter
is generally preferred, while with infra-inguinal occlusion
8 Fr or 6 Fr catheters could be used.

The Rotarex S system is intended to be used only intra-
luminally or inside a surgical prosthetic graft, this to mini-
mize the risks for vascular injuries.

The mechanical athero-thrombectomy (MTH) tech-
nique requires detection of the occluded segment through
diagnostic angiography, lesion crossing, and dedicated
guidewire positioning inside the patent distal vessel recon-
stitution. The Rotarex catheter is therefore advanced either
from antegrade or retrograde approach, and activated just
before approaching the obstruction.

MTH is hence performed with slow back-and-forth
movements aiming to obtain maximum detachment and
thrombotic material removal (Figure 1).

As the system is meant to be used with a continuous
blood flow through the catheter to avoid rotating head
overheating, it is crucial to repeatedly check whether prop-
er aspiration is being provided during athero-thrombecto-
my maneuvers. This can be easily done pinching the sterile
collecting tube and ensuring blood flow.23

Freitas et al. in 2016 reported their experience treating
acute and subacute native arterial occlusions in 525 con-

Figure 1.—A) Diagnostic digital
substraction —angiography per-
formed in a patient with acute
popliteal stent occlusion; B) Ro-
tarex 6 Fr intrastent passage; C)
final control.
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secutive patients. In the treated cohort mean lesion length
was 159 mm with moderate and severe calcifications in
23.3% of the cases. Technical success rate, defined as the
absence of residual stenosis >50% was 97.7%. Device-
related embolic events were identified in 11 (2.1%) of the
cases, while major amputation was needed only for 6 pa-
tients (1.1%).

In this single-center experience rotational athero-throm-
bectomy was used as a stand-alone therapy in 143 (27.2%)
of the cases, while additional arterial angioplasty or stent-
ing were needed in 39.2% and 28.6% procedures. Target
lesion revascularization at 12 months was 10.1%.24

Aspiration thrombectomy devices

Aspiration thrombectomy represents an alternative for
thrombus removal in patients with ALI. It is especially
useful in those considered at high risk for bleeding or
when thrombolysis is contraindicated (i.e. patients with
hepatic failure, recent surgery, trauma or neurovascular
accident). This option aims to allow for flow restoration in
few minutes instead of hours as required by thrombolysis.
Moreover, the risk for hemolysis is reported to be negli-
gible compared to rheolytic thrombectomy.

Three different devices taking advantage of this mecha-
nism are available on the market up to now: in two of them,
the Aspirex® thrombectomy system (Straub Medical AG,
Wangs,Switzerland) and The ThromCat XT® (Spectranet-
ics International, Leusden, the Netherlands) aspiration is
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associated with a rotational mechanism; in the other, the
Indigo® System (Penumbra, Alameda, CA, USA), aspira-
tion is the only mechanism of action.

The Aspirex is provided with a steel helix rotating in-
side a single-lumen catheter with a speed of 40,000-60,000
rpm, producing negative pressure at the catheter tip. The
thrombus is first aspirated, then fragmented by the spin-
ning helix and transported to a collection bag. Since the
spinning helix is located inside the catheter, unintentional
contact with the vessel wall is avoided, limiting injury
risks. This device encloses therefore three different ac-
tions: aspiration, fragmentation and transportation. As this
is preferentially utilized in the venous system or in oc-
cluded venous grafts, data on the application of this device
in ALI patients are quite poor. Teymen et al. reported a
technical success of 75% and a clinical success of 100% in
a cohort of 24 cases.?> The authors advocated major cau-
tion regarding the use of this device in small arteries due
to possible complications.

The ThromCat XT® is a rotational thrombectomy cath-
eter primarily developed for coronary interventions. Its
flexible and atraumatic tip consists of a stainless-steel he-
lix with a kink-resistant covering. The catheter neck en-
cases the distal end of the helix, avoiding any direct con-
tact with the vessel wall. At the catheter tip, the rotating
helix creates a negative pressure by using the principle of
Archimedes’ screw determining aspiration power. Due to
increased flexibility, it is suitable for crossover accesses.
Application of the ThromCat XT system is limited to ves-
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sels with diameters ranging from 2.5 to 7 mm. Although
it received CE mark approval in 2009, data on its efficacy
are still limited. The technical success with a restoration of
flow is reported in 70% of patients in a single center ex-
perience of 10 patients. The preliminary analysis revealed
that thrombus age (especially if greater than five days)
could be considered a major predictor of failure.26

The Indigo/Penumbra system was originally designed
for acute ischemic stroke treatment and therefore it pro-
vides some unique features as its smooth atraumatic tip
combined to noticeable trackability and effective suction
pressure. The technology beneath Penumbra/Indigo sys-
tem?27 became available in 2005 in Europe and the USA,
and was then translated into the peripheral artery district
for ALI treatment.

Even though ALI and cerebral ischemic events are sim-
ilar in terms of etiology, several differences ought to be
disclosed. In patients with ALI the blood-clot constitution
and longevity could be quite tougher and longer. Clot is
generally much more organized and adhered to the ves-
sel wall or even to chronic atherosclerotic lesions result-
ing in a more challenging revascularization procedure. A
thrombectomy device providing and intense vacuum force
is therefore needed in such settings (Figure 2).

Nowadays, the catheters available sizes range between
3 Fr and 12 Fr. Their design is characterized by a flexible,
atraumatic large-bore channel which is delivered to the site
of occlusion, and aspiration is directly applied to the le-
sion itself. An additional option component, the so-called

Figure 2.—A) Diagnostic digital
substraction angiography per-
formed in patient with chronic
femoro-popliteal by pass occlu-
sion treated in urgent setting be-
cause of cardioembolic material
in the profunda femoris artery; B)
Indigo 8 Fr + separator perform-
ing thrombus aspiration; C) final
control showing complete resolu-
tion.
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“Separator” allows to apply direct mechanical action to
the thrombous, being advanced back and forth, this action
facilitates clearing of the clot from the catheter tip. Con-
tinuous aspiration is supplied by an external vacuum pump
called Pump MAX™ which is capable of delivering and
maintaining nearly pure vacuum (29 inHg or 98.2 kPa).

Recently two re-designed catheters (CAT 7fr and CAT
12fr) have been lunched on the market allowing the treat-
ment of large arteries and/or venous thrombosis and pul-
monary embolism, with a very contained blood loss.28 In
fact, these novel platforms are provided with a Lightning
Intelligent Aspiration system that has dual pressure sen-
sors for real-time blood flow monitoring. The built-in
microprocessor features a proprietary thrombus removal
algorithm that automatically controls a valve in the tub-
ing to provide continuous or intermittent aspiration. With
automatic valve control, Lightning can help the physician
focus on optimizing thrombus removal procedures.

The very first data from a multicenter trial regarding
thromboaspiration was published by Saxon RR et al. in
2018. Seventy-nine patients with ALI were enrolled. Pri-
mary technical success was 87.2%, assisted primary tech-
nical success was 96.2% with high safety rates (no device
related adverse events).2%

Lopez et al. provided data from 43 procedures in which
technical success was reached in 52% as main treatment
and 50% as adjunctive treatment.30

Up to now, the largest study evaluating safety and ef-
fectiveness for the Indigo system in the treatment of ALI
is represented by INDIAN Trial,3!:32 a national multicenter
registry. In this experience technical success after throm-
boaspiration alone was reached in 88.7%, while it raised
to 95.3% after adjunctive maneuvers when needed. The
majority of patients was admitted with an acute occlusion
located in the distal vessels (popliteal and below-the-knee
arteries). Notably, operators were more prone to use this
kind of device for the revascularization of BTK vessels.
This trend could be related to the device’s trackability and
pushability features.

The usefulness of Penumbra/Indigo system has been
demonstrated also in the treatment of ALI associated with
popliteal artery aneurysms. It was used as a bridge therapy
before performing a femoro-popliteal bypass this mitigat-
ing ALI complexity and allowing to definitely treat pa-
tients in non-urgent setting.33

Thromboaspiration has been used for the improvement
of tibial and/or below-the ankle vessels occluded by em-
bolic events reduced the rate of early major amputations
(5.9%) in a single center experience.34
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Moreover, challenging cases can occur due to distal em-
bolic complications during other percutaneous procedures
as also reported in 2015 by Gandini ef al. in a case series of
three patients who developed a below-the-ankle occlusion
during proximal peripheral artery revascularizations.35

Conclusions

Recent development of dedicated devices expanded treat-
ment possibilities for patients affected by acute limb isch-
emia, allowing for effective minimally invasive treatments
and overcoming open surgical procedures and intravascu-
lar thrombolysis limitations, which represented for years
the only viable alternatives for such condition.

Despite the broad spectrum of different available devic-
es could appear as potentially confounding, each device
has its own features, indications, weak and strength point.

Ideally the modern endovascular surgeon should master
every single tool, tailoring revascularization strategy and
timing for the proper patient and arterial segment to be
treated, maximizing the benefits coming from technologi-
cal improvements.

References

1. Patel NH, Krishnamurthy VN, Kim S, Saad WE, Ganguli S, Walker
TG, et al; CIRSE and SIR Standards of Practice Committees. Quality
improvement guidelines for percutaneous management of acute lower-
extremity ischemia. J Vasc Interv Radiol 2013;24:3—15.

2. Creager MA, Kaufman JA, Conte MS. Clinical practice. Acute limb
ischemia. N Engl J Med 2012;366:2198-206.

3. Rutherford RB, Baker JD, Ernst C, Johnston KW, Porter JM, Ahn S,
et al. Recommended standards for reports dealing with lower extremity
ischemia: revised version. J Vasc Surg 1997;26:517-38.

4. Baril DT, Ghosh K, Rosen AB. Trends in the incidence, treatment, and
outcomes of acute lower extremity ischemia in the United States Medicare
population. J Vasc Surg 2014;60:669—77.¢2.

5. Bjorck M, Earnshaw JJ, Acosta S, Bastos Gongalves F, Cochennec F,
Debus ES, et al.; Esvs Guidelines Committee. Editor’s Choice - European
Society for Vascular Surgery (ESVS) 2020 Clinical Practice Guidelines
on the Management of Acute Limb Ischaemia. Eur J Vasc Endovasc Surg
2020;59:173-218.

6. Wissgott C, Kamusella P, Richter A, Klein-Wiegel P, Steinkamp HJ.
[Mechanical rotational thrombectomy for treatment thrombolysis in acute
and subacute occlusion of femoropopliteal arteries: retrospective analysis
of the results from 1999 to 2005]. Rofo Fortschr Geb Rontgenstr Neuen
Bildgeb Verfahr 2008;180:325-31. [German].

7. Lichtenberg M, Stahlhoff FW, Boese D. Endovascular treatment of
acute limb ischemia and proximal deep vein thrombosis using rotational
thrombectomy: A review of published literature. Cardiovasc Revasc Med
2013;14:343-8.

8. Sarac TP, Hilleman D, Arko FR, Zarins CK, Ouriel K. Clinical and
economic evaluation of the trellis thrombectomy device for arterial occlu-
sions: preliminary analysis. J Vasc Surg 2004;39:556-9.

9. Wagner HJ, Miiller-Hiilsbeck S, Pitton MB, Weiss W, Wess M. Rapid
thrombectomy with a hydrodynamic catheter: results from a prospective,
multicenter trial. Radiology 1997;205:675-81.

June 2023



This document is protected by international copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file and print only one copy of this Article. It is not permitted to make additional copies (either sporadically

or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distribute the electronic copy of the article through online internet and/or intranet file sharing systems, electronic mailing or any other means which may allow access

to the Article. The use of all or any part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commercial use is not permitted. It is not permitted to remove,

cover, overlay, obscure, block, or change any copyright notices or terms of use which the Publisher may post on the Article. It is not permitted to frame or use framing techniques to enclose any trademark, logo, or other proprietary information of the Publisher.

COPYRIGHT© 2023 EDIZIONI MINERVA MEDICA

ENDOVASCULAR THROMBECTOMY DEVICES

10. Silva JA, et al. Rheolytic thrombectomy in the treatment of acute
limb-threatening ischemia: immediate results and six-monthCathet Car-
diovasc. Diagn. 1998;45:386-93.

11. Sianos G, Van Le H, Setum C. AngioJet(R) Rheolytic Thrombecto-
my System and Innovation for Power Pulse Infusion. Eurolntervention
2006;2:120-4.

12. Ansel GM, George BS, Botti CF, McNamara TO, Jenkins JS, Ramee
SR, et al. Rheolytic thrombectomy in the management of limb ischemia:
30-day results from a multicenter registry. J Endovasc Ther 2002;9:395—
402.

13. Rogers JH, Laird JR. Overview of new technologies for lower ex-
tremity revascularization. Circulation 2007;116:2072-85.

14. Acosta S, Karonen E, Eek F, Butt T. Short-term complications and
outcomes in pharmaco-mechanical thrombolysis first and catheter-direct-
ed thrombolysis first in patients with acute lower limb ischemia. Ann Vasc
Surg 2023;S0890-5096(23)00118-8.

15. ShenY, Wang X, Jin SS, Zhang RL, Zhao WJ, Chen G. Increased risk
of acute kidney injury with percutaneous mechanical thrombectomy us-
ing AngioJet compared with catheter-directed thrombolysis. J Vasc Surg
Venous Lymphat Disord 2019;7:29-37.

16. Fiorucci B, Isernia G, Simonte G, Farchioni L, Parente B, Parlani G,
et al. Rheolytic Thrombectomy with AngioJet® Is Safe and Effective in
Revascularization of Renal Arteries’ Acute Occlusion on Previous Com-
plex Aortic Endovascular Repair. Ann Vasc Surg 2017;45:270.e1-6.

17. Kasirajan K, Gray B, Beavers FP, Clair DG, Greenberg R, Mascha E,
et al. Rheolytic thrombectomy in the management of acute and subacute
limb-threatening ischemia. J Vasc Interv Radiol 2001;12:413-21.

18. Byrne RM, Taha AG, Avgerinos E, Marone LK, Makaroun MS, Chaer
RA. Contemporary outcomes of endovascular interventions for acute limb
ischemia. J Vasc Surg 2014;59:988-95.

19. Kashyap VS, Gilani R, Bena JF, Bannazadeh M, Sarac TP. Endovas-
cular therapy for acute limb ischemia. J Vasc Surg 2011;53:340-6.

20. Leung DA, Blitz LR, Nelson T, Amin A, Soukas PA, Nanjundappa A,
et al. Rheolytic Pharmacomechanical Thrombectomy for the Management
of Acute Limb Ischemia: Results From the PEARL Registry. J Endovasc
Ther 2015;22:546-57.

21. MuliJogi RK, Damodharan K, Leong HL, Tan AC, Chandramohan S,
Venkatanarasimha NK, et al. Catheter-directed thrombolysis versus per-
cutaneous mechanical thrombectomy in the management of acute limb
ischemia: a single center review. CVIR Endovasc 2018;1:35.

22. Veenstra EB, van der Laan MJ, Zeebregts CJ, de Heide EJ, Kater M,
Bokkers RP. A systematic review and meta-analysis of endovascular and

surgical revascularization techniques in acute limb ischemia. J Vasc Surg
2020;71:654—668.¢3.

23. Loffroy R, Falvo N, Galland C, Fréchier L, Ledan F, Midulla M, et al.
Percutaneous Rotational Mechanical Atherectomy Plus Thrombectomy
Using Rotarex S Device in Patients With Acute and Subacute Lower Limb

ISERNIA

Ischemia: A Review of Safety, Efficacy, and Outcomes. Front Cardiovasc
Med 2020;7:557420.

24. Freitas B, Steiner S, Bausback Y, Branzan D, Ulrich M, Briunlich S,
et al. Rotarex Mechanical Debulking in Acute and Subacute Arterial Le-
sions. Angiology 2017;68:233-41.

25. Teymen B, Aktiirk S. Treatment of infrainguinal arterial thrombo-
embolic acute occlusions with the Aspirex® mechanical thrombectomy
device. Acta Cardiol 2017;72:649-54.

26. Dedk Z, Strube H, Sadeghi-Azandaryani M, Reiser MF, Treitl M. Ro-
tational thrombectomy of acute peripheral vascular occlusions using the
ThromCat XT device: techniques, indications and initial results. Diagn
Interv Radiol 2011;17:283-9.

27. Kulcsar Z, Bonvin C, Pereira VM, Altrichter S, Yilmaz H, Lovblad
KO, et al. Penumbra system: a novel mechanical thrombectomy device
for large-vessel occlusions in acute stroke. AJNR Am J Neuroradiol
2010;31:628-33.

28. Mathews SJ; SJ. Mechanical Thrombectomy of Pulmonary Emboli
With Use of the Indigo System and Lightning 12 Intelligent Aspiration.
Tex Heart Inst J 2021;48:¢217571.

29. Saxon RR, Benenati JF, Teigen C, Adams GL, Sewall LE; PRISM
Trialists. Utility of a Power Aspiration-Based Extraction Technique as an
Initial and Secondary Approach in the Treatment of Peripheral Arterial
Thromboembolism: Results of the Multicenter PRISM Trial. J Vasc Interv
Radiol 2018;29:92—-100.

30. Lopez R, Yamashita TS, Neisen M, Fleming M, Colglazier J, Oderich
G, et al. Single-center experience with Indigo aspiration thrombectomy
for acute lower limb ischemia. J Vasc Surg 2020;72:226-32.

31. de Donato G, Pasqui E, Giannace G, Setacci F, Benevento D, Palas-
ciano G, et al.; INDIAN Registry Collaborators. The Indigo System in
Acute Lower-Limb Malperfusion (INDIAN) Registry: protocol. JMIR
Res Protoc 2019;8:€9972.

32. de Donato G, Pasqui E, Sponza M, Intrieri F, Spinazzola A, Silingardi
R, et al.; INDIAN trial collaborators. Safety and Efficacy of Vacuum As-
sisted Thrombo-Aspiration in Patients with Acute Lower Limb Ischaemia:
the INDIAN Trial. Eur J Vasc Endovasc Surg 2021;61:820-8.

33. Mansour W, Sirignano P, Capoccia L, Fornelli F, Speziale F. Urgent
Mechanical Thrombectomy by Indigo System® in Acute Thrombosed
Popliteal Artery Aneurysms: A Report of Two Cases. Ann Vasc Surg
2020;63:458.e1-6.

34. de Donato G, Pasqui E, Galzerano G, Anzaldi MG, Cappelli A, Palas-
ciano G. The Combination of Vacuum-Assisted Thromboaspiration and
Covered Stent Graft for Acute Limb Ischemia due to Thromboembolic
Complications of Popliteal Aneurysm. Ann Vasc Surg 2023;89:232-40.

35. Gandini R, Merolla S, Chegai F, Del Giudice C, Stefanini M, Pam-
pana E. Foot Embolization During Limb Salvage Procedures in Critical
Limb Ischemia Patients Successfully Managed With Mechanical Throm-
boaspiration: A Technical Note. J Endovasc Ther 2015;22:558-63.

Conflicts of interest

Gianmarco de Donato, Giacomo Isernia, Gioele Simonte received honoraria for lectures from Penumbra Inc., Gore, Terumo, Endologix, Artivion.

Authors’ contributions

Conception and design, critical revision: Giacomo Isernia, Edoardo Pasqui, Gianmarco de Donato, Gianluigi Fino, Massimo Lenti, Gianbattista Parlani,
Gioele Simonte; data collection: Giacomo Isernia, Edoardo Pasqui, Gioele Simonte; writing the manuscript: Giacomo Isernia, Edoardo Pasqui, Gianmarco
de Donato, Gioele Simonte. All authors read and approved the final version of the manuscript.

History
Manuscript accepted: April 11, 2023. - Manuscript received: April 3, 2023.

Vol. 64 - No. 3

THE JOURNAL OF CARDIOVASCULAR SURGERY

239



