ACUTE LIMB ISCHEMIA

Managing Acute Limb
Ischemia: A Contemporary

Workflow

A step-by-step approach to evaluation, decision-making, and revascularization strategies in

acute limb ischemia.

By Natalie Sridharan, MD, and Sahar Alimohamadi, MD

cute limb ischemia (ALI), characterized by

the sudden decrease or cessation of perfu-

sion to a limb, carries potentially devastating

consequences. Although studies suggest the
annual incidence of ALl is decreasing, the rate in 2020
was estimated at 4.2 per 100,000 person-years, and the
associated morbidity and mortality remain stubbornly
high. Recent estimates suggest an in-hospital mortality
of almost 6% and in-hospital amputation rates around
7%, with a 1-year amputation-free survival of only 50%
to 60%."? As such, the prompt recognition and surgical
revascularization of affected limbs is crucial to future
limb viability.

The array of open surgical and percutaneous tech-
niques has exploded in the last decade, and guidelines
regarding treatment are ambiguous. For example,
the European Society for Vascular Surgery (ESVS)
recommends consideration of thrombolysis for the
treatment of Rutherford 2 ischemia, with a combina-
tion of percutaneous thrombectomy (PT) techniques
in class 2b ischemia. This is largely in contrast to the
classical teaching that patients with an immediately
threatened limb should undergo open revasculariza-
tion.3 The goal of this article is to serve as a workflow
for evaluating a patient for ALI.

INITIAL EVALUATION

Classically, ALl is associated with the “6 Ps”: pain, pallor,
pulselessness, paresthesia, poikilothermia, and paralysis.
Careful assessment of sensory and motor function will
characterize the Rutherford classification for ALI—for
example, no sensory loss or muscle weakness and a
limb that is not immediately threatened would indicate
class 1, while profound anesthetic sensory loss, profound
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paralysis (rigor), and major tissue loss or permanent
nerve damage inevitable would indicate class 3.4

A thorough patient history is critical to the appropri-
ate diagnosis of ALl and for procedural planning. Previous
vascular interventions may influence surgical decision
points, such as bypass and conduit type (whether pros-
thetic or vein), history of aneurysm or aneurysm inter-
vention, and reoperative fields. Knowledge of previous
interventions will also guide key findings in the physical
exam. Findings such as a significantly scarred groin, an
open wound at a prior incision, and saphenectomy scars
on the arms or legs can inform surgical decision-making,
particularly if prior operative reports are unavailable.
Pulse exam of the contralateral leg can point toward
acute-on-chronic disease or embolic phenomenon.

Furthermore, chronicity of symptoms will influence
treatment timing, options, and adjunctive therapies,
such as fasciotomy. Symptom duration > 2 weeks is
often considered chronic and may be characterized by
more organized thrombus.

IMAGING

Patients who present to the emergency department
or are transferred from outside hospitals will likely
already have imaging by the time of evaluation. CTA
imaging is informative for aortoiliac disease and often
for femoropopliteal occlusion, but infrapopliteal resolu-
tion may be compromised due to more proximal occlu-
sions and contrast timing. Arterial duplex can confirm
bypass or stent occlusion.>® Angiography carries the
advantage of being both diagnostic and potentially
therapeutic. Finally, in patients with known embolic
risk, such as atrial fibrillation without anticoagulation
and normal pulse exam in the nonaffected extremity,
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decision-making can be made on exam alone, with
imaging foregone entirely.

It should be noted that adjunctive imaging is often
necessary for complete evaluation of the patient, often
postoperatively. Patients with cardioembolic disease and
new diagnosis of atrial fibrillation should undergo trans-
thoracic echocardiography, and those with suspected aor-
toembolic disease should receive complete aortic imaging,
including the chest, to evaluate for embolizing lesions.

MEDICAL ADJUNCTS

Unless contraindicated, patients should be promptly
initiated on unfractionated heparin anticoagulation,
beginning with a weight-based bolus of 70 to 100 IU/kg
or 5,000 IU, followed by infusion titrated to an activated
partial thromboplastin time. Proper multimodal analge-
sia should also be considered.

FASCIOTOMY

Compartment syndromes are described as being
more common with prolonged periods of ischemia and
more severe ischemia, and they can occur in up to 30%
of revascularizations. Prophylactic fasciotomy is strongly
recommended in cases of severe ischemia > 6 hours,
but there are little data to support this, and practice
patterns vary substantially.” When elective fasciotomy is
not performed, patients should undergo close postop-
erative monitoring with periodic compartment checks.

THERAPEUTIC DECISION-MAKING

Ultimately, the decision for surgical revascularization
will depend on duration of symptoms, expertise of the
facility and interventionalist, etiology of disease, patient
characteristics and comorbidities, therapeutic risk,
and shared decision-making with the patient. Options
include any combination of open thromboembolec-
tomy, bypass, catheter-directed thrombolysis (CDT),
percutaneous aspiration or mechanical thrombectomy,
and, in some cases, even primary amputation.

SURGICAL APPROACHES
Open Embolectomy

Open embolectomy with Fogarty balloon remains
the optimal approach for acute occlusions in relatively
normal arteries, which are typically embolic in nature.
It can be effective in prosthetic bypass thrombectomy
or acute iliac occlusion disease when used in conjunc-
tion with balloon occlusion to protect the contralateral
limb. A single femoral incision can address proximal
disease, the superficial femoral artery (SFA), and even as
distal as the popliteal artery, with special consideration
of bifurcation points; a below-knee popliteal incision
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can address the SFA, popliteal, and tibial arteries. In

the case of acute-on-chronic disease or heavily calcified
vessels, open embolectomy alone may not adequately
address the underlying etiology of occlusion. In these
cases, over-the-wire thrombectomy and angiography to
address and treat underlying disease should be consid-
ered. Alternative approaches may be preferable.

Bypass

Bypass may be considered as a primary treatment
modality for AL, but it is more often a conversion or
reintervention. It may be appropriate in situations of
acute-on-chronic disease when intravascular recana-
lization cannot be achieved. It is also frequently used
for the treatment of popliteal aneurysms, often in
conjunction with lysis or open thrombectomy of the
tibials. Axillary bifemoral bypass remains the preferred
treatment in acute aortic occlusion requiring urgent
revascularization. Although it has been suggested that
bypasses performed for ALI have similar patency rates
as bypasses for chronic limb-threatening ischemia
(CLTI), it should be noted that studies have also dem-
onstrated higher rates of limb loss and mortality despite
bypass patency.®?

INTERVENTIONAL APPROACHES

When appropriately selected, minimally invasive
approaches can be associated with lower physiologic
stress and potentially improved outcomes compared to
open surgical interventions, especially in an older, frail
patient population.

CcDT

CDT is the oldest and most studied percutaneous
therapy for the management of ALl However, CDT can
require 24 to 48 hours of thrombolytic infusion to clear
thrombus and restore perfusion. Thus, it is often not
feasible in those with high bleeding risk or Rutherford 2b
ischemia, who have a dense motor deficit requiring
prompt revascularization. Systematic reviews do suggest
equivalent limb-related outcomes and decreased mortal-
ity compared to open revascularization, with the excep-
tion of patients with symptom duration > 14 days.>'%"
CDT may also be preferred over open revascularization in
acute bypass occlusion.'®'!

The CDT procedure involves placement of an infusion
catheter within the area of thrombus, through which tis-
sue plasminogen activator is continuously delivered at a
rate of 0.5 to 2 mg/hr; the catheter is left in place for 12 to
48 hours. The delivery system requires a sheath, which will
typically infuse fixed-rate heparin (ie, 500 IU/hr). Patients
are monitored in the intensive care unit for serial labs,



which will often include a complete blood count and
fibrinogen every 4 to 6 hours, with serial exams.

CDT can used as an adjunctive or standalone therapy
and may be particularly useful in the treatment of
thrombosed bypass, with up to 80% success rate in
prosthetic bypasses and 60% success in autologous
vein."” It should be noted that CDT is often aborted due
to its inability to cross lesions and may require lesion
preparation for technical success.!"'

After CDT therapy, patients may require endovas-
cular therapy adjuncts, such as angioplasty or stenting,
to address the underlying etiology of occlusion PT and
resolve residual adherent clot. Endovascular therapy
with CDT may be abandoned altogether and converted
to an open approach in the case of worsening clinical
examination. CDT carries an 8% to 10% risk of major
bleeding, and its use may be precluded in patients with
absolute or relative contraindications.’

PT

PT is accomplished through mechanical or suction
methods, which may involve thrombolytics as well. It
has similar in-hospital amputation and mortality rates to
open thrombectomy, although with higher reinterven-
tion rates." However, PT may have a mortality benefit
compared to lengthier procedures such as bypass.™°
Patient selection is of the utmost importance when
considering PT as primary therapy; for example, recent
studies have suggested higher risk of limb loss in PT-first
therapy in women and in those with embolic lesions."”
Device decision often depends on chronicity, availability,
and the proceduralist’s familiarity.

PT DEVICES: OUR INSTITUTIONAL
APPROACH

There are several PT products in the United States,
with a variety of others available internationally. This arti-
cle focuses on a few products that are commonly used
in the acute setting at our institution. Rapid proliferation
of technology has made a comprehensive list of available
devices nearly impossible to maintain. However, available
devices can be categorized broadly as follows.

Pharmacomechanical Thrombectomy Devices

The AngioJet peripheral thrombectomy system
(Boston Scientific Corporation) is a rheolytic device that
uses saline jets to macerate thrombus and create a low-
pressure zone, which also fragments thrombus. AngioJet
has some of the longest-term data of the PT devices,
with results from the industry-sponsored PEARL registry
reporting 1-year amputation-free survival and free-
dom from mortality of 81% and 91%, respectively.’ In
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Figure 1. Angiogram before (A) and after (B) Indigo CAT6
(Penumbra, Inc.) aspiration.

retrospective analysis of AngioJet versus open thrombec-
tomy, the two therapies demonstrated similar amputa-
tion risk but lower 30-day mortality in the PT group.'®

Suction/Aspiration Thrombectomy

Aspiration thrombectomy can be as simple as using
negative pressure on a catheter to mechanically aspi-
rate thrombus or embolus (Figure 1). One of the most
prominent devices in this category is the Indigo system
catheters (Penumbra, Inc.), now including the Lightning
Bolt 7 and Lightning Flash, which use computer-assisted
vacuum thrombectomy technology. This newest iteration
uses algorithms that detect clot and rapidly modulates
between vacuum and ambient pressure to fatigue and
ultimately ingest clot, with the added benefit of quicker
clot and patent flow detection to minimize blood loss
compared to their prior technology. In the industry-spon-
sored STRIDE registry, the Indigo aspiration system dem-
onstrated a 98% 30-day limb salvage rate and 3% 30-day
mortality."

Other available systems offering aspiration thrombec-

tomy include the following:

« The Prodigy thrombectomy system (Imperative
Care); this system also includes the Prodigy Twist, an
optional mechanical element.

« The Laguna thrombectomy system (Innova
Vascular), which includes the Laguna clot retriever
system and Malibu aspiration catheter system.

« The Liberant thrombectomy system (Medtronic), a
mechanical aspiration device that is compatible with
the Excipio thrombectomy devices (Medtronic),
rapid-exchange catheters with a mechanical basket
designed for controlled aspiration.
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Mechanical Thrombectomy

Primary mechanical thrombectomy devices are cur-
rently gaining popularity and availability. Examples include
the Pounce thrombectomy system (Surmodics, Inc.),
Artix system (Inari Medical), and pVasc (Vesalio). These
devices typically comprise nitinol baskets that entrain
the thrombus, working in tandem with a sheath with or
without aspiration capability. Preliminary results from the
Pounce PROWL registry indicate 73.3% and 86% freedom
from all-cause major adverse events at 30 days in females
and males, respectively, despite better technical success in
females (91.4% vs 78.3%; P = .0261).%° This finding of dif-
ferential sex-based outcomes after ALI revascularization
is consistent with previous literature. One retrospective
study of 548 patients (46% female) found that despite no
sex-based difference in Rutherford classification on pre-
sentation, females who underwent an endovascular-first
approach had 2.6-times the odds of amputation compared
to males, in addition to higher rates of mortality.?’

COST-EFFECTIVENESS CONSIDERATIONS
Currently, there is little literature addressing the
cost-effectiveness of open and endovascular strategies,
particularly in the case of mechanical thrombectomy.
A study of 205 patients compared total costs of open,
endovascular, hybrid, and CDT techniques. CDT demon-
strated the highest costs and relatively low effectiveness;
however, endovascular therapy had an incremental cost-
effectiveness ratio over the surgery group of $4,609.23
per life year gained.?? Further studies are required before
drawing conclusions regarding cost-effectiveness.

COMPLETION ANGIOGRAPHY
Completion angiography should be considered as an

adjunct to any open or hybrid technique and is a class |
level C recommendation by the ESVS.2 This practice can
evaluate residual disease that can be addressed at index
operation to reduce reintervention rates and should be
strongly considered if there is a suboptimal pulse or sig-
nal exam.

ROLE OF AMPUTATION

Primary amputation is the most appropriate treat-
ment of choice for an unsalvageable limb, such as one
with a prolonged and dense motor deficit with high
suspicion for muscle necrosis. Timing of amputation is
important as tissue necrosis can result in toxicity, sepsis,
and rhabdomyolysis.

FOLLOW-UP
Prior to discharge, it is prudent to identify the etiol-
ogy of a patient’s thrombosis. As noted previously, this
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may include adjunctive imaging and laboratory studies,
such as hypercoagulable or cancer workup in patients
with family history of thrombophilia, young patients
without prior vascular disease, or patients with recur-
rent thrombosis of unclear etiology. Consideration
should also be given to the patient’s long-term anti-
platelet and anticoagulation regimen, which can

be influenced by the etiology of ALl and treatment
approach used.

In addition to antithrombotic regimen, patients should
follow appropriate risk factor modifications, including
smoking cessation and medical management of comor-
bidities (hypertension, diabetes, hyperlipidemia). This
patient population also requires routine surveillance
similar to that of a CLTI patient, with follow-up at 1, 3,
and 6 months in the first year, with annual or semiannual
follow-up thereafter. Surveillance should also include
with ankle-brachial index assessment and arterial duplex
imaging. In patients with embolizing aortic lesions, the
lesion should be reimaged at 1 month, with subsequent
imaging surveillance at the surgeon’s discretion.

CONCLUSION

In the management of AL, time is tissue. Patient his-
tory, physical characteristics, and imaging will inform the
clinician’s decision for appropriate and swift management.
While open approaches were traditionally preferred in
patients with severe ischemia, PT can be considered in
select populations, and CDT is an option in patients who
do not have an immediately threatened limb. At the time
of this article, there are no nonindustry-sponsored ran-
domized controlled trials comparing PT to open surgery in
AL, and many of the long-term outcomes of newly devel-
oped devices are yet to be established. ®
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