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Abstract: Purpose. Acute limb ischemia (ALD due to thromboembolism is a vascular emergency. Its etiology is commonly
cardiac embolism with other causes, including iatrogenic and atheromatous plaques. Complications from vessel occlusion
in peripheral vessels contribute to a yearly economic burden of $7 to $10 billion in the United States, and the 5-year sur-
vival rate is only 44% after ALl secondary to acute thrombosis. The Indigo continuous aspiration mechanical thrombectomy
(AMT) system (Penumbra) has been used for mechanical thrombectomy associated with ALI since 2014. Additions to the
Indigo system include catheter-directed thrombolysis (CDT) in the treatment of acute vascular occlusion, which aims to
improve the success rate and patency of interventional revascularization attempts. Materials and Methods. In 2019, an
initiative to improve limb salvage outcomes introduced hybrid therapy with adjunct Indigo AMT in patients for which CDT
alone would have been standard practice. These cases were reviewed for analysis of patient outcomes. Results. Early re-
canalization following vessel occlusion has been associated with improved clinical outcomes in acute ischemia. Introducing
hybrid therapy with Indigo AMT in addition to CDT was intended to improve patient outcomes in a community hospital with
a preponderance of high-risk vasculopathies. Following the start of this initiative, CDT alone was associated with a longer,
more tumultuous recovery. Early return of signals within the first hour post therapy was also noted in patients who received
hybrid treatment. Conclusion. Patient outcomes were improved following hybrid therapy compared with CDT alone.
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Introduction

Acute limb ischemia (ALI) is a vascular emergency caused
by either a thrombotic or embolic occlusion of a blood vessel,
causing an abrupt interruption of blood flow to an extremity.'
Its etiology 1s commonly cardiac embolism with other causes,
including jatrogenic and atheromatous plaques.> Without in-
tervention, ALI can lead to amputation and potentially death,
with a 30-day mortality and amputation rate between 10%
and 15% due to coexisting diseases such as cerebrovascular and
cardiovascular disease.” Thus, it requires immediate attention,
diagnosis, and intervention to restore perfusion and salvage
the limb.'

Complications from vessel occlusion in peripheral vessels
contribute to a yearly economic burden of $7 to $10 billion in
the United States, and the 5-year survival rate is only 44% after
ALl secondary to acute thrombosis.>* Treatment modalities for
ALI are dependent on physical exam and vascular imaging find-
ings (Doppler ultrasound and/or contrast-enhanced computed
tomography). They include endovascular procedures such as
catheter-directed thrombolysis (CDT), percutaneous thrombus
aspiration and placement of a stent, and surgery such as bypass
surgery and thromboembolectomy, as well as hybrid treatments.”

CDT is the established treatment option for ALI and has been
used since 1994.%7 It is considered safe and has a technical suc-
cess rate of over 80%, but complication rates when used as the
sole treatment option, as reported by the standards of practice
committees of the Society of Interventional Radiology and
the Cardiovascular and Interventional Radiological Society of
Europe, reveal intracranial hemorrhage (0%-2.5%), distal em-
bolization (1%-5%), major bleeding requiring surgery or trans-
fusion (1%-20%), and compartment syndrome (1%-10%).%* A
study from 1989 to 1993 that included 103 patients was able
to predict parameters that would aid in selecting patients with
peripheral arterial occlusion for CDT. It was concluded that
diabetes, vein graft thrombosis, and multiple segmental arterial
occlusions had a poor treatment response but did not exclude
success. Therefore, patients should not be denied CDT based
on these parameters.’

The Indigo continuous aspiration mechanical thrombec-
tomy (AMT) system (Penumbra) is an endovascular device
that has been used for AMT associated with ALI since 2014.
It utilizes a vacuum pump with 3 components: 2 aspiration
catheters, a separator, and a pump with aspiration pressure of
-29 mm Hg to provide adequate suction to aspirate the clot
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Figure 1. A recent representative case from a patient who under-
went hybrid therapy at a community hospital with a preponderance
of high-risk vasculopathies. A right lower extremity arteriogram was
performed shortly after presentation for right lower extremity pain,
demonstrating short-segment occlusion of the proximal superficial
femoral artery (SFA) at its ostium, poor filling of the SFA, and poor
visualization of the popliteal artery and tibioperoneal trunk. After
exchanging a 5 Fr sheath for a 6 Fr sheath, material that was in the
proximal SFA embolized further down into the popliteal artery and
all thrombus was now residing in the P2 and P3 segments of the
popliteal artery. A Glidewire (Terumo) was advanced down to this
region, and multiple passes with an Indigo system CAT6 thrombec-
tomy catheter were performed along with direct thrombin injections.
A significant amount of thrombotic material was removed and had
recanalized a portion of the popliteal artery into the tibioperoneal
trunk and anterior tibial arteries.

and promote active thrombectomy.'" In research published in
2020, the Indigo system was assessed for technical success as
a main treatment and achieved 52% success in select patients,
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Figure 2. The patient underwent tissue plasminogen activator lysis
overnight. Subsequent arteriography of the region after 24 hours of
catheter-directed thrombolysis showed a patent right superficial femo-
ral artery, popliteal artery, tibioperoneal trunk, anteriortibial artery, and
a posterior tibial artery without evidence of residual thrombus.

actively avoiding the need for additional surgical or other
endovascular treatment options such as CDT. The moderate
effectiveness gives rise to further investigation of AMT with
hybrid and adjunct therapy."

Hybrid therapy in conjunction with CDT includes the Indigo
AMT system in the treatment of acute vascular occlusion, which
aims to improve the success rate and patency of interventional
revascularization attempts.? In this study, we examined hybrid
therapy of the Indigo system with CDT for ALI and assessed if
it yielded superior clinical outcomes compared with the stan-
dard practice of CDT alone. This novel study is the first to
document outcomes of treating ALI with the hybrid approach,
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Figure 3. Diagram of results.

including both CDT and AMT, and comparing it with standard
CDT alone.

Methods

This retrospective study analysis began in August 2019 and
was completed in October 2021 at a community hospital in
New York State.

Participation Identification

Patients were retrospectively identified through the elec-
tronic medical record system based on whether they received
hybrid therapy with adjunct Indigo AMT or were treated
solely with CDT for ALI in the previous 3 years. ALI clas-
sified according to category 1 to 4 of the Rutherford clas-
sification were included. The procedures being analyzed
were identified using current procedural terminology codes
in the interventional radiology procedure case logs. The pa-
tient medical record number (MRN) was used to access the
chart; however, the data collected were deidentified by the
removal of patient identifiers. If the MRIN was written down
for the purpose of gaining access to the chart, the document

on which the MRN was written was securely disposed of
immediately after obtaining access and was not handled or
stored in view of others. The data collected will be stored for
3 years following the study’s conclusion and combined so that
individual patient data will not be reflected in the results or
conclusion of the study.

Outcome Measures

Outcomes of interest include the following per patient who
received hybrid therapy with adjunct Indigo AMT for ALI and
CDT alone in the past 3 years: time from procedure to return
of pulses, length of hospital stay, and time from procedure until
symptom improvement. Decreased time until return of pulses,
decreased length of hospital stay, and decreased time from pro-
cedure to symptom improvement were considered indicative of
improved patient outcomes. As thisisaretrospective study, there
is no intervention being conducted, and bias was not controlled
because the results of the procedures were already determined.

Statistical Analysis
The primary outcome was the statistical measurement of the
difference between hybrid therapy and CDT regarding time
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from procedure to return of pulses, time from procedure until
symptom improvement, and length of hospital stay. The analysis
was conducted with chi-square testing measures to determine
which method can attain superior results in patient outcomes.
The chi-square test was used to determine if there is a signifi-
cant statistical difterence between the null hypothesis and the
observed findings, clearly identifying whether the difference has
arisen due to chance or due to a relationship existing between
the factors analyzed. This test is typically used in similar research
where several variables are analyzed for a few groups of data.'
Given the small sample size, raw data yielded percentages of
outcomes from which overall patterns were deduced.

Results

A total of 10 patients were included in the retrospective trial.
Of the 10 patients, 6 were treated with hybrid treatment with
adjunct Indigo AMT, and 4 were treated with standard CDT.
Hybrid treatment yielded an average return of pulses within
3 hours, symptoms were reported as < 8/10 on the pain scale
controlled with analgesics, and pain was slightly reduced post
procedure and dramatically improved within 3 hours. Compara-
tively, standard CDT alone had an average return of pulses in 18
hours, and all patients reported significant pain post procedure
of > 8/10 on the pain scale with analgesics for about 18 hours.
Thus, the hybrid patients revealed improved outcomes with
faster improvement in pulses in 100% of patients and reduced
postprocedure pain in 83% of patients. Hospital stay outcomes
with the hybrid treatment compared with standard CDT in-
cluded a shortened hospital stay in 33% of patients. Early return
of signals within the first hour post therapy was also noted in
patients who received the hybrid treatment.

Discussion

Early recanalization following vessel occlusion has been as-
sociated with improved clinical outcomes in ALI. Introducing
hybrid therapy with the Indigo system in addition to CDT was
intended to improve patient outcomes in a community hospital
with a preponderance of high risk vasculopathies (Figure 1 and
Figure 2). Following the start of this initiative, CDT alone was
associated with a longer, more tumultuous recovery. Hybrid
therapy demonstrated improved clinical outcomes with signifi-
cant improvements in time until return of pulses and decreased
time from procedure to symptom improvement (Figure 3).
Although there was a slight improvement in length of hospital
stay, it was marginal in comparison; this could be due to con-
founding factors increasing hospital stay. Factors could include
a secondary diagnosis such as pre-existing cardiovascular or
cerebrovascular disease, hospital-acquired infection, or place-
ment into rehab.

In this project, the sample size is relatively small; thus, there
is a higher probability of the study achieving low statistical
power and increasing the chance of type II errors occurring. To
minimize type II errors, if the trial was recreated, a larger sample

size would be advantageous to provide greater generalizability
of the population, decrease the margin of error, and increase
statistical power. Other outcomes to consider include long-
term follow-up, patency rates, and bifurcating patients based
on Rutherford classification. Long-term follow-up is vital to
clearly identify if patients experience any significant side effects,
and to determine blood vessel patency rates of the procedure.
Distinguishing patients based on their Rutherford classification
could aid in identifying if there is a distinction between which
mode of treatment is superior based on the patient's category
and symptoms.

Conclusion

ALl is a serious limb- and life-threatening emergency that
requires immediate diagnosis and treatment. Correct establish-
ment of treatment can improve treatment outcomes, clinical
outcomes, and better patient quality of life. In this study, patient
outcomes significantly improved following hybrid therapy with
adjunctIndigo system AMT compared with CDT therapy alone.
It is essential to continue to learn about the potential benefits
of hybrid treatment and, in the future, consider focusing on
larger sample sizes and additional outcomes such as follow-up
to determine vessel patency rates. ll
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