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One of the most urgent vascular
circumstances: Acute limb ischemia
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Abstract

Acute limb ischemia is a sudden decrease in limb perfusion that threatens limb viability and requires urgent evaluation and
management. Most of the causes of acute limb ischemia are thrombosis of a limb artery or bypass graft, embolism from
the heart or a disease artery, dissection, and trauma. Assessment determines whether the limb is viable or irreversibly
damaged. Prompt diagnosis and revascularization by means of catheter-based thrombolysis or thrombectomy and by surgery
reduce the risk of limb loss and mortality. Amputation is performed in patients with irreversible damage. Despite urgent
revascularization, amputation rate is 10%—15% in patients during hospitalization, mostly above the knee, and mortality within

| year is 10%—15% due to the coexisting conditions.
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Introduction

Sudden loss or marked decrease in limb perfusion that threat-
ens limb viability is a vascular emergency. Acute limb ischemia
(ALI) may be the first manifestation of arterial disease in a pre-
viously asymptomatic patient or may occur as an acute event
that causes symptomatic deterioration in a patient with ante-
cedent lower extremity periphery artery disease (PAD) and
intermittent claudication. The incidence of this condition is
approximately 1.5 cases per 10,000 persons per year.!

The clinical presentation is considered to be acute if it
occurs within 2 weeks after symptom onset. Symptoms
develop over a period of hours to days and range from new
or worsening intermittent claudication to pain in the foot or
leg when the patient is at rest, paresthesias, muscle weak-
ness, and paralysis of the affected limb.? Physical findings
may include an absence of pulses distal to the occlusion, cool
and pale or mottled skin, reduced sensation, and decreased
strength.> The 30-day mortality and amputation rates are
15% and may be up to 25%.* Leg symptoms in ALI relate
primarily to pain or limb function. The abruptness and time
of onset of the pain, its location and intensity, as well as
change in severity over time should all be explored. The
duration and intensity of the pain and presence of motor or
sensory changes are very important in clinical decision mak-
ing and urgency of revascularization. Outcomes and progno-
sis of ALI largely depend on the rapid diagnosis and initiation
of appropriate and effective therapy. In this review, the diag-
nosis and treatment of ALI will be discussed.

Description

ALI results from a sudden obstruction in the arterial flow to
the extremity due to an embolism or thrombosis.> Embolic
problems result in a greater degree of ischemia than throm-
bosis. PAD progression is the most thrombotic cause of the
ALI Graft thrombosis or thrombosis of a popliteal aneurysm
may also be seen. Cardiac embolization is responsible for
75% of the ALI cases.® Aortic dissection or embolization,
entrapment or cyst, trauma, phlegmasia cerulea, ergotism,
hypercoagulable states, and iatrogenic complications related
to cardiac catheterization, endovascular procedures, intra-
aortic balloon pump, extracorporeal cardiac assistance, as
well as vessel closure devices are the potential embolic
causes which are related to a sudden decrease in arterial per-
fusion in the limb (Table 1). The embolus characteristically
lodges in vascular bed with no prior collateral development,
besides an in situ thrombosis occurs in vessels with prior,
gradual atherosclerotic narrowing that has stimulated the
formation of collateral channels. The presence of these col-
laterals lessens the severity and rapidity of symptom
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Table I. Embolic causes of acute limb ischemia (ALI).

Table 2. Differential diagnosis of acute limb ischemia (ALI).

Periphery artery disease (PAD) progression
Cardiac embolization

Aortic dissection or embolization
Thrombosis of a popliteal aneurysm

Graft thrombosis

Entrapment or cyst

Trauma

Phlegmasia cerulea

Ergotism

Hypercoagulable states

latrogenic complications related to cardiac catheterization
Endovascular procedures

Intra-aortic balloon pump

Extracorporeal cardiac assistance

Vessel closure devices

development when the atherosclerotic narrowing progresses
to occlusion.”

Symptoms

Embolic occlusions are usually very sudden and of great
intensity, such that patients often present within a few hours
of onset. Acute arterial occlusion is associated with intense
spasm in the distal arterial tree, and initially, the limb will
appear “marble” white. Over the next few hours, the spasm
relaxes and the skin fills with deoxygenated blood leading to
mottling that is light blue or purple, has a fine reticular pat-
tern, and blanches on pressure.? At this stage, the limb is still
salvageable. The classical description of patients with ALI is
represented by the “six Ps”: pain, pallor, paralysis, pulse
deficit, paresthesia, and poikilothermia.® Pallor and the level
of coldness (poikilothermia) are important to record to eval-
uate the progression of ischemia. The pulse deficit is helpful
determining the site of occlusion. It should also be remem-
bered that sensory capabilities, such as light touch, two-point
tactile discrimination, proprioception, and vibratory percep-
tion, are lost early on. Finally, profound paralysis with com-
plete lack of sensation indicates an irreversible state of
ischemia, and the patient may be best treated with primary
amputation.’

Risk factors

It is often difficult to distinguish an embolus from a throm-
bosis, but embolic occlusions should be suspected in patients
with the following features: (1) acute onset, where the patient
is often able to accurately time the moment of the event; (2)
a history of embolism; (3) a known embolic source, such as
cardiac arrhythmias; (4) no prior history of intermittent clau-
dication; and (5) normal pulse and Doppler examination in
the unaffected limb.! Differential diagnoses of ALI are repre-
sented in Table 2.

Conditions mimicking ALI

Systemic shock (especially if associated with chronic occlusive disease)
Phlegmasia cerulea dolens
Acute compressive neuropathy

Differential diagnosis of ALl (other than acute PAD)

Trauma

Dissection

Arteritis
Hypercoagulable states
Popliteal adventitial cyst
Popliteal entrapment
Compartment syndrome

Acute PAD

Atherosclerotic stenosed artery thrombosis
Arterial bypass graft thrombosis
Embolism from heart, aneurysm, plaque or critical stenosis

PAD: periphery artery disease.

Source: Norgren L, Hiatt WR, Dormandy JA, et al. Inter-society
consensus for the management of peripheral arterial disease (TASC II),
http://www jvascsurg.org (accessed October 2007).

Thrombotic occlusions can occur in any segment of the
lower extremities but most commonly involve the superficial
femoral artery. With the decline of the incidence of cardiac val-
vular diseases due to the rheumatic fever, and with the growing
use of oral anticoagulant in patients with atrial fibrillation, the
proportion of ALI due to cardiac embolism has also declined.!®

Thrombosis in situ may occur less commonly with cystic
adventitial disease, popliteal entrapment, and popliteal aneu-
rysm in the lower extremities; vasculitis and repetitive trauma
in the upper extremities; or trauma and dissection in both. The
procoagulative states such as hyperhomocysteinemia and dia-
betic ketoacidosis can produce thrombosis in situ in the absence
of underlying occlusive disease.!-'? In addition, hypercoagula-
ble states; protein S deficiency, protein C deficiency, presence
of lupus-like anticoagulant, plasminogen deficiency, and
increased platelet reactivity was demonstrated in patients under
51 years of age undergoing lower extremity revascularization
for ischemia.!3 Also, there are rare causes of ALI that have
been reported. Moulakakis et al.! reported a case with alcohol-
paracetamol syndrome who presented with acute left limb
ischemia. ALI cases were also reported in patients with hyper-
coagulability-induced thromboembolism, which is a serious
complication of nephrotic syndrome and heparin-induced
thrombocytopenia.!>16

Infrainguinal bypass graft occlusion is common, with
reported 5-year primary patency of autologous vein and
synthetic above-the-knee bypass of 74% and 39%, respec-
tively.!” The most common cause of synthetic arterial bypass
graft occlusion is impaired native vessel outflow or poor
arterial inflow. Autologous vein grafts develop anastomotic
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and midportion stenosis due to myointimal hyperplasia.
Insufficient valve stripping can result in focal stenosis.
Diffuse sclerosis can occur when the vasa vasorum are
damaged.

Lipoprotein (a) (Lp(a)) possesses unique antifibrinolytic
and prothombotic properties, and may play an important role
in vascular thrombosis.!8 It has also been shown to be a strong
predictor of peripheral vascular disease, independently of
cigarette smoking and diabetes in a group of 100 White male
patients with mean age of 67 years.!® Two cases with severe
PAD due to multiple, thromboembolic arterial occlusions in
the absence of advanced arteriosclerosis and traditional car-
diovascular risk factors were reported. Markedly elevated
Lp(a) above 80 mg/dL was identified as the only significant
laboratory abnormality in both unexplained and acute arterial
occlusion cases.? In addition, Lp(a) and other emerging fac-
tors such as fibrinogen, C-reactive protein, and homocysteine
levels should be considered when assessing the risk of graft
occlusion.?!

The incidence of peripheral arterial thrombembolization
in the setting of transcatheter aortic valve implantation
(TAVI) is not clearly known. In the setting of TAVI, debris
from the calcified native aortic valve during the implantation
of the new valve can embolize and obstruct peripheral arter-
ies.?2 Another possible pathophysiological mechanism might
be a transient ineffective anticoagulation status. It is con-
ceivable and most likely that the 18-F sheath reducing or
obstructing the flow in the femoral artery set the stage for
thrombus formation and peripheral embolization of the clots,
once the sheath was removed. Identifying factors associated
with periprocedural complications and establishing diagnos-
tic and therapeutic algorithms along with technical improve-
ments in devices used for TAVI might reduce the currently
high rate of such complications and eventually result in an
improved periprocedural survival rate.

Native artery occlusions usually occur in the setting of
severe atherosclerotic stenoses; alternatively, an artery may
become occluded when an embolus becomes dislodged from
a proximal source and is trapped at the site of a peripheral
arterial bifurcation.’

Modification of atherosclerotic risk factors plays a crucial
role in prevention of limb ischemia. The patients should be
treated with aspirin, beta-blockers, and statins, agents that
also have been shown to reduce cardiovascular morbidity
and mortality.?3

Diagnosis
Ankle-brachial index

The value of the clinical findings in patients with ALI can be
strongly improved by measuring the ankle-brachial index
(ABI). ABI can be measured by dividing the highest ankle
systolic pressure to the highest brachial systolic pressure per
leg. The ABI is interpreted as follows: noncompressible

values > 1.40, normal values of 1.00—1.40, and borderline of
0.91-0.99. Usually an ABI < 0.90 is used to define the
decline in limb perfusion.?*

Doppler ultrasound

The lesions can be located by two-dimensional (2D) ultra-
sonography (DUS) and color-Doppler mapping, while the
degree of stenosis is estimated mostly by Doppler waveform
analysis and peak systolic velocities and ratios. Duplex ultra-
sound of the extremities is useful to diagnose anatomic loca-
tion and degree of stenosis of PAD. DUS provides important
information on hemodynamics and is also highly useful for
the follow-up after angioplasty or to monitor bypass
grafts.?>26 The major disadvantage of DUS compared with
other imaging techniques (digital subtraction angiography
(DSA), computed tomography angiography (CTA), or mag-
netic resonance angiography (MRA)) is that it does not pro-
vide full arterial imaging as a clear roadmap, as do the other
techniques. In addition, in some cases, the iliac arteries are
more difficult to visualize because of obesity or gas interpo-
sitions. Alternative methods should be considered when the
imaging is suboptimal.

Angiogram

In most cases, initial diagnostic arteriography may be per-
formed to localize the site of occlusion and to visualize the
distal arterial tree. It may also be possible to distinguish an
embolic occlusion from an in situ thrombosis. The time
required to perform preoperative angiographic evaluation is
well worth the information obtained; this information is
essential to the operative plan.

DSA

As DSA was considered as the gold standard for decades, it
is now reserved for patients undergoing interventions. In
current practice, it is not used as a diagnostic tool because of
the invasive character and risk of complications.!?” Indeed,
the noninvasive techniques provide satisfying imaging in
almost all cases, with less radiation, and complications inher-
ent to the arterial puncture.

CTA and MRA

CTA using multi-detector computed tomography (MDCT)
technology allows imaging with high resolution. In a meta-
analysis, the sensitivity and specificity of CTA to detect aor-
toiliac stenoses >50% were were reported as 96% and 98%,
respectively.?® The great advantage of CTA remains the visu-
alization of calcifications, clips, stents, and bypasses. In
comparison with DSA, MRA has an excellent sensitivity
(93%-100%) and specificity (93%—100%).2° Meta-analyses
have shown that both CTA?® and MRA?3? are highly accurate
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noninvasive imaging techniques. Some studies even suggest
that contrast-enhanced MRA is superior to DSA in visualiz-
ing arteries of the lower leg and foot.3!32 According to a
recent report by Jens et al.,33 both CTA and contrast-enhanced
MRA are accurate techniques in evaluating disease severity
of arterial segments from the aorta to the tibial arteries in
patients with critical limb ischemia or intermittent claudica-
tion. In direct comparison, MRA has the greatest ability to
replace diagnostic DSA in symptomatic patients to assist
decision making, especially in the case of major allergies.
The limitations of the use of MRA are the presence of pace-
makers or metal implants, or in patients with claustrophobia.
In addition, Gadolinium contrast agents cannot be used in
the case of severe renal failure.?*

The European Society of Urogenital Radiology (ESUR)
defines contrast-induced nephropathy as a state in which
nephropathy (increase in blood serum creatinine level of
more than 0.5 mg/dL or of more than 25% of the baseline
value) occurs within 3 days from the moment of intravascu-
lar injection of the contrast medium, assuming that there is
no alternative etiology.?® Use of radiological contrast media
is the third most common cause of inpatient renal insuffi-
ciency, accounting for 11%—12% of all cases.’ It is recom-
mended to discontinue nephrotoxic substances for at least 24
h before contrast medium administration. If the creatinine
level is elevated, it is recommended to discontinue met-
formin for 48 h before contrast administration and for 48 h
after contrast administration. It is recommended to adminis-
ter 0.9% NaCl intravenously, in the dose of 1 mL/kg of body
mass/h, for 6 h before contrast agent administration.

Treatment options

The duration of symptoms is of prime importance in the
planning of therapy. Percutaneous endovascular options are
more effective in patients with ischemia of less than 2 weeks’
duration. On the other hand, symptoms of greater than 2
weeks’ duration are better served with nonthrombotic
options.?” Propagation of thrombus after the initial occlusive
event may convert a marginally ischemic limb into a severely
threatened extremity.
Three general classes are recognized:

Class I: Non-threatened extremity; elective revasculariza-
tion may or may not be necessary.

Class II: Threatened extremity; revascularization is indi-
cated to prevent tissue loss.

Class III: Ischemia has progressed to infarction and sal-
vage of the extremity is not possible.

The Society for Vascular Surgery and the North American
Chapter of the International Society for Cardiovascular
Surgery created a classification based on Rutherford classifi-
cation for acute arterial occlusion (Table 3, Rutherford
et al.f).

The severity of the ischemia, according to the classifica-
tion presented above, will dictate the extent of diagnostic
tests performed for systemic risk factor assessment. Routine
blood studies and coagulation tests should be performed
before heparin is administered. Correction of underlying
electrolyte imbalances and systemic anticoagulation should
proceed concomitantly with the other investigations. A plain
chest x-ray and electrocardiogram should be obtained from
every patient. In patients with suspected embolism, an
echocardiogram should be obtained as soon as time allows.

In 1978, Blaisdell et al.3® first introduced the concept of
early heparinization to prevent proximal and distal propaga-
tion of thrombus, in combination with delayed intervention.
Today, early heparinization remains one of the mainstays in
the treatment of ALI. Fortunately, immediate and adequate
anticoagulation prevents proximal and/or distal thrombus
propagation and preserves the microcirculation.

Endovascular techniques

In the 1960s and the 1970s, balloon-catheter thrombectomy,
first introduced by Fogarty et al.,3*4° became the cornerstone
of therapy.

Mechanical recanalisation techniques

Percutaneous aspiration thrombectomy. Another method of
percutaneous, catheter-guided thrombus removal alternative
to open surgery is percutaneous aspiration thrombectomy
(PAT). It is an easy, low-cost, rapid technique which is appli-
cable with the use of a large lumen catheter (6-8-F), or even
smaller (5-F) for the crural arteries. The catheter is connected
to a 60-mL syringe, and the thrombus is forcefully aspirated
out of the vessel.#*4! The use of combined mechanical and
thrombolytic therapy (pharmaco-mechanical thrombolysis)
is used to increase the lytic effect and reduce procedural
time, especially in advanced ischemia, when time is crucial
for limb salvage. The results of the combined PAT/throm-
bolysis therapy are very promising. PAT alone has been
reported to result in only 31% procedural success rates, but
combined with thrombolysis and PAT, the primary success
rate reached up to 90%, with a limb salvage rate of 86% and
primary patency rates of 58%, in up to 4 years follow-up.*?+3
PAT also can be proven highly effective when it comes to the
immediate treatment of iatrogenic acute distal atherothrom-
botic embolization, occurring during percutaneous endovas-
cular therapeutic procedures.

Percutaneous mechanical thrombectomy. Percutaneous
mechanical thrombectomy is defined as the endovascular
thrombus maceration and removal with the use of Fogarty
balloons or dedicated percutaneous thrombectomy devices
(PTDs). The use of Fogarty balloons are the cheapest,
simplest, and fastest method of thrombectomy compared
with the more sophisticated PTDs.*0 These balloons are
very effective in declotting infrainguinal lesions, through
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Table 3. Classification scheme for acute limb ischemia (ALI).

Class Category Prognosis Sensory loss Muscle DUS—arterial and

weakness venous
I Viable No immediate None None Audible Audible
limb threat

lla Threatened: marginal Salvageable Minimal— None Often Audible
(salvageable if promptly if treated none inaudible
treated) promptly

115) Threatened: immediate Salvageable More than Mild— Usually Audible
(salvageable with immediate if treated just toes moderate inaudible
revascularisation) immediately

1l Major tissue loss or Limb loss or Profound, Profound, None Inaudible
permanent nerve damage permanent anesthetic paralysis
inevitable damage

DUS: two-dimensional ultrasonography.
It is modified from the classification of Rutherford et al.¢

common femoral or popliteal artery puncture, but they are
difficult to utilize in chronic stenosis of diseased arteries
and well-organized thrombus. PTDs can be categorized
in four types, according to their mechanism of action:
mechanical clot dissolution catheters, hydrodynamic/
rheolytic catheters, mixed type, and ultrasonic catheters.

Although most PTDs have received CE approval for
dialysis grafts and native fistulas declotting, special atten-
tion should be given when treating ALI. The main differ-
ence is that although microembolization does not produce
any clinically significant pulmonary events, the same does
not apply for the distal vasculature of an ischemic limb,
where microembolic events could result in limb loss. It is a
requisite that any PTD used for the revascularization of an
ischemic limb should not only provide sufficient, immedi-
ate, technical success rate but also secure a safe, embolic-
free procedure.

For this reason, devices with additional fragment aspira-
tion are preferred for the treatment of ALI. The devices that
should be preferred for peripheral applications are the
Hydrolyzer, the BSIC Oasis system, the AngioJet, the
ThrombCat thrombectomy catheter system, the Bacchus
Trellis, the OmniSonics Resolution Wire, and the Ekos Lysus
system. 447

The AngioJet is the only photomultiplier tube (PMT)
device that is approved by the Food and Drug Administration
(FDA) that can remove thrombus from peripheral arteries
using a rapid stream of fluid and hydrodynamic forces to
extract the thrombotic material from the lumen.*® The
thrombectomy system consists of three major components:
the catheter, the pump set, and the drive unit. In patients
with very significant ischemia that precludes the obligatory
delay associated with pharmacologic thrombolysis, the
PMT devices may rapidly clear a channel through the
occluded segment. Partial reperfusion of the extremity may
provide enough improvement in ischemia to allow com-
plete removal of thrombus, with thrombolytic infusions

thereafter. Initial thrombus debulking may also signifi-
cantly reduce the dose and duration of thrombolytic agents,
thereby decreasing the risk of hemorrhagic complications
associated with pharmacologic thrombolysis.*>4748 For
instance, for patients who have recently undergone a major
surgical procedure, the devices may be employed as sole
therapy in patients with contraindications to thrombolytic
administration. The advantage of mechanical devices, how-
ever, lies in their ability to rapidly debulk the thrombus,
significantly reducing the duration of ischemia and proba-
bly increasing the exposure of the residual thrombus and
distal vessels to pharmacologic thrombolytic agents.
According to a clinical report, a significant number of
patients required adjunctive thrombolytic therapy for com-
plete thrombus removal.*¢ Braithwaite et al.* managed 15
patients with ALI with anticoagulation alone, due to infir-
mity or surgical and/or thrombolytic contraindications, and
obtained dismal 30-day limb salvage and mortality rates of
33% and 60%, respectively.

Due to the lack of well-organized, multicenter, rand-
omized controlled studies that investigate the performance
of PTDs, there are no clear indications regarding their appli-
cation in ALI treatment. Among the great advantages of
mechanical thrombectomy is the inferior procedural time, as
well as the fact that it can be used as monotherapy when
thrombolysis is contraindicated or in combination with a
minimal amount of thrombolytic agents in cases of high
bleeding diathesis.

The excimer laser has the ability to remove plaque and
thrombus by photoacoustic ablation, theoretically reducing
the incidence of clinical embolization. The laser-assisted
angioplasty for critical limb ischemia (LACI) trial treated
patients who were poor surgical candidates with an endo-
vascular strategy consisting of “cool” excimer laser angio-
plasty followed by adjunctive percutaneous transluminal
angioplasty (PTA) and/or stenting. Despite the burden of
atherosclerotic lesions in these patients, a remarkably high
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salvage rate of 93% was achieved at 6 months in surviving
patients.>®

Ultrasound-based devices, such as the OmniSonics
OmniWave Endovascular System and the Ekos Lysus sys-
tem, seem promising. Local thrombolysis of acute artery
occlusion by using the Lysus Peripheral Catheter System
may be a safe, effective, and time-saving treatment option.
Ultrasound-enhanced lysis achieves more rapid recanaliza-
tion and a higher rate of early complete thrombus resolution
than conventional lysis. In addition, the time of hospitaliza-
tion was reduced.’!

Percutaneous mechanical thrombectomy is recommended
in cases of stage Rutherford I1b ischemia and high surgical
risk, because thrombolysis is time-consuming and could
result in clinical deterioration and/or compartment syn-
drome. PTDs are not recommended for the treatment of ALI
involving the iliac, the common femoral, and the profunda
femoral artery.

Acute complications of endovascular procedures and
endovascular revascularization techniques, such as angio-
plasty used for the treatment of peripheral arterial disease,
can be the origin of ALI due to arterial thrombosis and/or
distal embolization complications in approximately 2%-—
3%.°2 It is reasonable that in the setting of an already accessed
artery due to ongoing endovascular procedure, complicated
with ALI, the treatment of choice is PAT. This method fre-
quently fails to establish blood flow, because the emboli in
the vessels are two small to be reached with a catheter or
because the thrombus simply cannot be detached from the
vessel wall and retrieved. In that case, thrombolysis, PTDs,
and pharmaco-mechanical thrombolysis with the use of PMT
devices and lytic agents should be considered.

Pharmacological ~ recandlization  techniques. Thrombolytic
agents have been successfully employed to dissolve the
occluding thrombus, reconstitute blood flow, and improve the
status of the tissue bed supplied by the involved vascular seg-
ment.*® Intrathrombotic delivery of the thrombolytic agent is
more effective than nonselective catheter-directed infusion.
Before revascularization, diagnostic angiography is per-
formed to assess the inflow and arteries and the nature and
length of thrombosis. Thereafter, the operator crosses the
occlusion with a guidewire and a multi-side-hole catheter,
which allows direct delivery of the thrombolytic agent into
the thrombus. Once flow is restored, angiography is per-
formed to detect any inciting lesion, such as graft stenosis or
retained valve cusps, which can be managed with catheter-
based techniques or surgery. Catheters can be successfully
positioned across the thrombosed vessel (an essential prereq-
uisite) in 95% of cases. Among patients with ALI caused by
an occluded native vessel, stent, or graft, complete or partial
thrombus resolution with a satisfactory clinical result occurs
after catheter-based thrombolysis in 75%-92% of patients.>?
Distal thrombus embolization commonly occurs as the
thrombus is lysed, but the embolized thrombus typically

clears during the thrombolytic infusion.>* The adjunctive use
of glycoprotein IIb/I1la receptor antagonists may accelerate
reperfusion and reduce distal embolization, but the addition
of these agents does not improve outcomes.>

The Rochester study randomly assigned 114 patients with
acute, limb-threatening ischemia to thrombolysis with uroki-
nase in 57 patients or to immediate operation in 57 patients.
After 1-year follow-up, the amputation-free survival rate dif-
ferences were statistically significant, 75% and 52%, respec-
tively.’® The second large multicenter evaluation was the
Surgery versus Thrombolysis for Ischemia of the Lower
Extremity (STILE) trial in which 393 patients were ran-
domly assigned to surgery or thrombolysis with either
recombinant tissue plasminogen activator (rt-PA) or uroki-
nase. Clinical outcomes for both thrombolytic groups were
similar, so their data were combined for an overall compari-
son of thrombolysis with surgery. Among patients with
symptoms of longer duration (>14 days), the surgical group
had lower amputation rates than the thrombolysis group at 6
months. In contrast, among patients with symptoms of
shorter duration (<14 days), those assigned to thrombolysis
had lower rates than did surgical patients.3* The most impor-
tant multicenter trial to evaluate thrombolytic therapy was
the Thrombolysis or Peripheral Arterial Surgery (TOPAS)
trial. Recombinant urokinase (r-UK) (4000 IU per min for 4
h followed by 2000 IU per min) was compared with primary
operation in 544 patients with lower extremity native artery
or bypass graft occlusions of 14 days’ duration or less. The
amputation-free survival rates 6 months after randomization
were not significantly different: 71.8% in the r-UK group
and 74.8% in the operative group. There were also no signifi-
cant differences in the rates of amputation-free survival or
mortality at discharge from the hospital. Among patients
assigned to thrombolysis, those with occlusions in bypass
grafts had better clinical outcomes and rates of clot dissolu-
tion, concurrent with lower rates of major hemorrhagic com-
plications, compared with patients with native artery
occlusions. Major hemorrhage complications occurred
12.5% in the r-UK group, as compared with 5.5% in the sur-
gery group among the TOPAS trial patients. Patients’ ages,
duration of infusion, and activated partial thromboplastin
times at baseline were unrelated to the risk of bleeding.
Intracranial hemorrhage occurred in four patients in the r-UK
group, one of whom died. In contrast, there were no instances
of intracranial hemorrhage in the surgery group. The risk of
bleeding was significantly greater when therapeutic heparin
was utilized than when it was not. Among patients who
received therapeutic heparin, bleeding occurred in 19%. In
contrast, in the patients in whom therapeutic heparin was not
utilized, bleeding occurred in only 9%.%3

Thrombolytic agents work by converting plasminogen to
plasmin, which then degrades fibrin. The agents that are cur-
rently in use for most peripheral procedures are alteplase, an
rt-PA which is present in the Turkey market; reteplase, a
genetically engineered mutant of tissue plasminogen
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Table 4. Thrombolytic agents.

Product Half-life (min) Mechanism of action Technical issues Complication
T-PA 2-6 Fibrin-selective. Binds and activates fibrin 88.6%—91.8% Major bleeding:
by cleavage of an arginine—isoleucine successful 6.1%—6.8%
bond, after which it activates plasminogen thrombolysis
by cleaving Arg560-Val561
Alteplase 3-6 Tissue plasminogen activator produced by 88.6%—91.8% Major bleeding:
recombinant DNA technology. Fibrin- successful 6.1%—6.8%
enhanced conversion of plasminogen to thrombolysis
plasmin. It produces limited conversion of
plasminogen in the absence of fibrin
Reteplase 14-18 Similar to Alteplase. Lower fibrin binding Thrombolytic Major bleeding: 13.3% in
and superior penetration ability success: 0.5 mg/h regimen, 5.4%
83.8%—86.7% in 0.25 mg/h regimen
Tenecteplase 20-24 Similar to Alteplase. Greater binding Technical Major bleeding: 6.3%
affinity for fibrin success: 91%
Streptokinase? 12-18 Irreversible binding and activation of
streptokinase to plasminogen. Indirect
activation. Vaguely fibrin-specific
Anistreplase 70-120 Similar to streptokinase
Urokinase 7-20 Cleavage of the Arginine—Valine bond in Complete clot Major bleeding: 1 1%

plasminogen leading in active plasmin

dissolution: 70%

T-PA: tissue plasminogen activator.
2No longer preferred.

activator; and tenecteplase, another genetically engineered
mutant of tissue plasminogen activator.’’” None of them are
approved by the FDA for this indication. Streptokinase, an
indirect plasminogen activator, was the first agent used for
intra-arterial thrombolysis. Although its use has been largely
abandoned in the United States because of lesser efficacy
and higher rates of bleeding,*$ as compared with other throm-
bolytic agents, and the potential for allergic reactions, it still
can be used in Turkey. The direct plasminogen activator
urokinase is no longer available in the United States because
of manufacturing issues resulting in a discontinuation of pro-
duction, and it never existed in the Turkey market (Table 4).

Absolute contraindications for catheter-directed throm-
bolysis include ongoing bleeding, intracranial hemorrhage,
compartment syndrome, and severe limb ischemia that
require immediate surgical procedure. Relative contraindica-
tions include major nonvascular surgery or trauma within
past 10 days, intracranial tumor, recent eye surgery or neuro-
surgery within past 3 months, intracranial trauma within 3
months, recent gastrointestinal bleeding (10 days), an estab-
lished recent cerebrovascular event, and life expectancy < 1
year. Absolute and relative contraindications are presented in
Tables 5 and 6.8

Until today, it has not been clear which therapeutic modal-
ity provides the best immediate and long-term results.
Evidence-based results provided from randomized clinical tri-
als suggest that thrombolytic therapy is superior to surgery to
treat acute (less than 14 days) events regarding bypass graft
occlusions and long occlusions without adequate runoff vessel
suitable for surgical bypass (Karnabatidis et al.,> Figure 1).

Table 5. Absolute contraindications to percutaneous catheter-
directed thrombolysis.

Absolute

Active bleeding

Intracranial hemorrhage

Presence or development of compartment syndrome

Severe limb ischemia, requires immediate operative intervention

Surgical therapy

Patients in whom ischemia for 12-24 h would not be safe
and those with a nonviable limb bypass graft with suspected
infection, or contraindication to thrombolysis (e.g. recent
intracranial hemorrhage, recent major surgery, vascular brain
neoplasm, or active bleeding), should not undergo catheter-
directed therapies.

Surgical approaches to the treatment of ALI include
thromboembolectomy with a balloon catheter, bypass sur-
gery, and adjuncts such as endarterectomy, patch angioplasty,
and intraoperative thrombolysis.> Frequently, a combination
of these techniques is required. The cause of ischemia
(embolic vs thrombotic) and anatomical features guide the
surgical strategy. Thrombotic occlusion usually occurs in
patients with a chronically diseased vascular segment. In
such cases, correction of the underlying arterial abnormality
is critical. Patients with suspected embolism and an absent
femoral pulse ipsilateral to the ischemic limb are best treated
by exposure of the common femoral artery bifurcation and
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balloon-catheter thromboembolectomy.®® A recent refine-
ment for thromboembolectomy is the use of over-the-wire
catheters, allowing for selective guidance into distal vessels.

Table 6. Relative contraindications to percutaneous catheter-
directed thrombolysis.

Relative

Major nonvascular surgery or trauma within past 10 days
Uncontrolled hypertension: 180 mmHg systolic or 110 mmHg
diastolic blood pressure

Puncture of noncompressible vessel

Intracranial tumor

Recent eye surgery

Neurosurgery within past 3 months

History of severe contrast allergy or hypersensitivity
Intracranial trauma within 3 months

Recent gastrointestinal bleeding (10 days)

Established cerebrovascular event (including transient ischemic
attacks within past 2 months)

Recent internal or noncompressible hemorrhage

Hepatic failure, particularly in cases with coagulopathy
Bacterial endocarditis

Pregnancy/postpartum status

Diabetic hemorrhagic retinopathy

Life expectancy < | year

After removal of the clot, intraoperative angiography is per-
formed to confirm that the thrombectomy is complete and to
guide subsequent treatment if there is persistent inflow or
outflow obstruction. The treatment of patients with ALI
caused by thrombosis of a popliteal artery aneurysm war-
rants special mention, because major amputation occurs with
high frequency in such patients.®-%2 Diffuse thromboembolic
occlusion of all major runoff arteries below the knee is fre-
quently seen, and intra-arterial thrombolysis or thrombec-
tomy may be required to restore flow in a runoff artery before
aneurysm exclusion and surgical bypass are performed.
Restoration of a palpable foot pulse, audible arterial Doppler
signals, and visible improvement of foot perfusion suggest
treatment success. In some cases, perfusion may be incom-
plete and close postoperative observation is required to mon-
itor the limb status. Therapeutic anticoagulation with heparin
is reinstituted after the procedure. Vasodilators (e.g. nitro-
glycerin and papaverine) may be useful if there is evidence
of vasospasm.

A meta-analysis of five randomized trials comparing cath-
eter-directed thrombolytic therapy with surgery for ALI
showed similar rates of limb salvage, but thrombolysis was
associated with higher rates of stroke and major hemorrhage
within 30 days.>¢ Individual trial results were inconsistent,
however, perhaps because of differences in patients’ charac-
teristics, the duration and severity of ischemia, thrombolytic

| Acute Limb Ischemia |

}

| Initial treatment with intravenous heparin |

I

| Detailed examination and imaging |

} l

: }

Stage I Stage Ila
Viable Limb Threatened marginally

Stage IIb Stage 111
Threatened immediately Irreversible

)

Treatment according to severity

|

)

e Thrombectomy (Aspiration or Mechanical)
e Thrombolysis (Catheter-directed)

e Surgery (especially if event >14 days)

Stage LII: Endovascular Revascularization or hybrid therapy Stage III: Amputation

(For irreversible damage)

Figure |. The treatment diagram of ALI
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regimens, and length of follow-up. In one trial, rates of limb
salvage were similar with catheter-based thrombolysis and
with surgery, but 12-month rates of survival were significantly
higher in the thrombolysis group.! Nevertheless, surgical
revascularization is generally preferred for patients with an
immediately threatened limb or with symptoms of occlusion
for more than 2 weeks.>

Reperfusion injury

Reperfusion may result in injury to the target limb, including
profound limb swelling with dramatic increases in compart-
mental pressures.®® Symptoms and signs include severe pain,
hypesthesia, and weakness of the affected limb; myoglobi-
nuria and elevation of the creatine kinase level often occur.
Since the anterior compartment of the leg is the most suscep-
tible, assessment of peroneal nerve function (motor func-
tion—dorsiflexion of foot; sensory function—dorsum of
foot and first web space) should be performed after the
revascularization procedure. The diagnosis is made primar-
ily from the clinical findings but can be confirmed if the
compartment pressure is more than 30 mmHg or is within 30
mmHg of diastolic pressure.®? If the compartment syndrome
occurs, surgical fasciotomy is indicated to prevent irreversi-
ble neurologic and soft-tissue damage.

Follow-up care

All postoperative patients should be given warfarin, often for
3—6 months or longer. Patients with thromboembolism will
need long-term anticoagulation, possibly lifelong.* If long-
term anticoagulation is contraindicated due to bleeding risk
factors, platelet inhibition therapy should be considered.
Novel oral anticoagulants that inhibit thrombin or factor Xa,
such as dabigatran or rivaroxaban, may be considered in
patients with atrial fibrillation, but the efficacy of such drugs
in patients with peripheral artery thrombosis is not known.

Adjunctive pharmacotherapy with antithrombotic drugs,
statins, and beta-blockers is critical to decrease perioperative
cardiovascular complications in patients undergoing surgical
vascular reconstruction and to enhance post-revasculariza-
tion arterial and graft patency.®> According to a study by
Tomoi et al.,® after endovascular therapy for isolated below-
the-knee lesions in patients with critical limb ischemia, statin
treatment significantly improved overall survival. In addi-
tion, statins improve infrainguinal bypass graft patency rates
and are associated with reduced graft restenosis and amputa-
tion rates.®’

Conclusion

Thrombectomy (aspiration or mechanical) is an effective
method of treating ALI and could currently be applied com-
bined with lytic infusion in selected cases where rapid reca-
nalization is required or as a stand-alone therapy when the

administration of thrombolytic agents is contraindicated.
The culprit lesion should then be addressed and treated by
surgical techniques if it is necessary. Amputation should be
performed in patients with irreversible damage. As a conse-
quence, the morbidity and mortality of acute peripheral arte-
rial occlusion may be reduced by means of the efficient use
of the multiplicity of interventional strategies.
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