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Choosing the correct therapeutic option 
for acute limb ischemia

 REVIEW

Acute limb ischemia (ALI) occurs due to abrupt interruption of arterial flow to an extremity, which may 
lead to loss of limb or life. ALI is typically caused by either a thrombotic or embolic arterial occlusion. 
Management strategies, which may not be mutually exclusive, include anticoagulation and observation, 
catheter-directed thrombolysis and/or surgical thrombectomy. The therapeutic choice depends on the 
patient functional status, severity of ischemia and time required for treatment. A logical approach to the 
evaluation and management of patients with ALI is presented in this article.

KEYWORDS: acute limb ischemia n arterial embolus n arterial thrombosis 
n catheter‑directed thrombolysis n limb salvage n peripheral arterial disease 
n thrombectomy n thrombolysis

Jeffrey A Goldstein1 & 
Gregory Mishkel†1

1Prairie Cardiovascular Consultants, 
PO Box 19420, Springfield,  
IL 62794-9420, USA 
†Author for correspondence:
Tel.: +1 217 788 0708 
Fax: +1 217 788 8794 
gmishkel@prairieheart.com

Present day cardiology has evolved from exclu-
sively directing the cardiologic health of patients, 
to additionally managing their vascular health. 
Increasingly, both general and particularly inter-
ventional cardiologists are called upon to man-
age the care of the patients in their practice when 
they present with acute vascular emergencies. 
Unfortunately, subsequent to their subspecialty 
training, many cardiologists have lost the ability 
to manage limb ischemia, forfeiting their patients 
to vascular surgeons or interventional radiologists. 

This article will provide a basis for the diag-
nosis and treatment of patients who present 
with acute limb ischemia (ALI), so that at the 
very least, appropriate medical management can 
be instituted and a rationale treatment plan can 
be implemented.

Incidence & etiology
Acute limb ischemia occurs due to abrupt inter-
ruption of arterial blood flow to an extremity. 
This results in profound limb ischemia leading 
to rest pain, ischemic ulcerations and gangrene. 
The true incidence worldwide is not reliably 
known, but a few national registries and regional 
surveys estimate an annual incidence of 140 mil-
lion cases per year and occurs at a rate of 14 per 
100,000 US hospital admissions [1,2]. If treated 
promptly, restoration of perfusion may lead to 
limb salvage. However, delay is likely to result 
in limb loss and possibly death. ALI is associated 
with limb loss rates of 5–30% and mortality rates 
of 11–18% [3–5].

Acute limb ischemia is either due to embolic 
or in situ thrombotic arterial occlusion. A total 
of 15–20% of patients with peripheral arterial 

disease (PAD) may eventually develop ALI 
[3]. The majority of ALI cases (85%) are due 
to in situ thrombosis, with the remaining 15% 
of cases due to embolic arterial occlusion. The 
vast majority of emboli, upwards of 90%, are 
cardiac in etiology [6] and are usually due to 
either atrial fibrillation or acute myocardial inf-
arction. Emboli tend to lodge at arterial bifur-
cations such as the aorto iliac, femoral and the 
distal popliteal artery [6]. Thrombotic occlusions 
usually occur at the site of pre-existing athero-
sclerosis, so patients with thrombotic ALI can 
be expected to have pre-existing symptomatic 
PAD with associated collateralization. By con-
trast, embolic ALI patients may have a relatively 
healthy arterial tree without preconditions nec-
essary for collateral formation, and so when the 
embolus occurs, symptoms are more abrupt and 
severe. Thrombotic occlusions of peripheral arte-
rial bypass grafts are currently the most common 
cause of ALI [6]. 

Less frequent causes of ALI include entities 
such as endocarditis, air and fat embolism, 
trauma and dissection, and hypercoagulable 
states. Of these less frequent etiologies, embo-
lism from a proximal aneurysm such as the pop-
liteal artery is an important cause. Thrombosis 
of, or embolization from a popliteal aneurysm 
is indeed a more frequent complication than 
rupture [7]. ALI occurs in 17–46% of sympto-
matic popliteal artery aneurysms [7–10]. ALI due 
to popliteal artery aneurysms has a 20–60% 
incidence of limb loss and 12% mortality [10]. 
Massive deep venous thrombosis can lead to a 
condition known as phlegmasia cerulea dolens, 
which due to the associated soft-tissue swelling 
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can result in local pressure sufficient to impede 
arterial flow to the extremity resulting in ALI. A 
more complete listing of the causes of embolism 
and thrombosis is presented in Box 1.

Presentation
Limb salvage is dependent on timely clinical 
evaluation, identification of the etiology and 
early intervention. Delay in treatment results 
from a failure of diagnosis, and results in a high 
risk of morbidity and mortality. When treat-
ment begins within 12 h of onset of ischemia, 
the mortality and limb salvage rate is 19 and 
93%, respectively. With delay of treatment 
longer than 12 h, these rates worsen to 31 and 
78%, respectively [11,12].

ALI is confirmed by the presence of the six 
‘P’s’: pain, pallor, polar (cold), pulselessness, 
paresthesia and, ultimately, paralysis [13]. Pain, 
pallor and a cool extremity (polar) are early indi-
cations. Pain generally progresses with the dura-
tion of ischemia, but may diminish over time if 
collaterals are recruited or if ischemia progresses 
to ischemic sensory loss. Pallor develops owing 
to emptying and vasospasm of arteries and is 
an early manifestation. As ischemia progresses, 

mottling appears owing to stagnation in capil-
lary beds. Blanching typically represents revers-
ibility of ischemia (Figure 1). An early physical 
finding that establishes the level of disease is 
pulselessness in the affected extremity. The more 
proximal the occlusion, the more significant the 
findings of ischemia will be. Signs of ischemia 
are usually most pronounced one joint distal to 
the level of occlusion. For example, if there is 
occlusion at the distal popliteal or tibial trifurca-
tion, classically the calf will appear relatively well 
perfused and the foot will appear ischemic. If the 
occlusion is at the femoral bifurcation, the foot 
and lower leg will often be ischemic. Paresthesia 
and the subsequent development of paralysis 
occur later in the course of ALI and represent 
urgency to avoid limb loss. Sensory deficits typi-
cally occur in the order of the diameter of the 
nerve fibers, beginning with light touch, vibra-
tion and proprioception and then much later 
deep pain and pressure sense. Paralysis is the 
last to occur, beginning with the intrinsic foot 
muscles followed by the leg muscles. Detecting 
early muscle weakness is difficult because toe 
movements (other than abduction/adduction) 
are produced mainly by the larger leg muscles. 
Once paralysis occurs, limb salvage is much less 
likely and reperfusion injuries more likely. 

Identification of the underlying cause can 
often direct management strategies. Acute arte-
rial embolism can often be treated directly with 
a surgical embolectomy without prior diagnostic 
testing. In addition, because an embolus often 
occurs in the setting of a previously normal arte-
rial circulation without collaterals, emboli tend 
to produce more acute and limb-threatening 
ischemia. Patients with embolic occlusions tend 
to remember the moment of onset. In arterial 
thrombosis, the onset of symptoms and ischemic 
manifestation tends to be more gradual (TaBle 1). 
Just as the history and physical exam are help-
ful in identifying patients with ALI and distin-
guishing between thrombosis versus embolism, 
peripheral angiography will also provide clues to 
the etiology. Significant disease proximal to the 
level of the occlusion along with a plethora of col-
lateral vessels suggests thrombosis. Conversely, 
a clean proximal vasculature and the absence of 
collaterals in association with an arterial cutoff 
or meniscus suggests embolism (Figure 2). 

The management options available for the 
treatment of ALI all depend on the appropri-
ate categorization of the patient’s limb ischemia. 
Typically, ankle brachial indices are not of much 
clinical utility other than confirming the clini-
cal exam. Of the greatest utility is the use of a 

Box 1. Common causes of embolism and thrombosis in acute 
limb ischemia.

Embolism
 � Atherosclerotic heart disease

–   Acute myocardial infarction, left ventricle aneurysm

 � Arrhythmia (atrial fibrillation)
 � Valvular heart disease

– Rheumatic, degenerative, congenital, bacterial, prosthetic

 � Artery-to-artery
–  Aneurysm (popliteal), atherosclerotic plaque

 � Idiopathic
 � Iatrogenic
 � Paradoxical embolus
 � Trauma
 � Other

–  Air, amniotic fluid, fat, tumor, drugs

Thrombosis
 � Atherosclerosis and arterial plaque rupture
 � Low-flow states

– Congestive heart failure, hypotension, systemic shock

 � Hypercoagulable states
 � Vascular grafts

– Disease progression, intimal hyperplasia, mechanical

 � Trauma
 � Dissection
 � External compression (popliteal entrapment or adventitial cyst with thrombosis)
 � Iatrogenic
 � Vasospasm with thrombosis (ergotism)
 � Arteritis or HIV arteriopathy with thrombosis

Data taken from [15].
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bedside Doppler to document both arterial and 
venous signals in addition to an assessment of 
the patient’s sensory and motor function. The 
presence of pedal signals usually indicates that 
there is time for conventional arteriography 
and proper patient preparation. Other clinical 
parameters may assist in this regard. Clinical 
risk factors, prior vascular surgery, skin mot-
tling, sensory/motor loss and muscle tenderness 
may all increase the risk of amputation, as does 
elevations of creatinine phosphokinase and white 
blood count. 

With the pedal Doppler signals in hand, the 
ischemic limb is classified as viable (class I), 
marginally threatened (class IIA), immediately 
threatened (class IIB) and irreversible (class III). 
The clinical categorization of ALI determines 
the urgency and potentially the type of revascu-
larization, as well as the prognosis of the affected 
limb (TaBle 2) [13].

Treatment
The goal of therapy is reperfusion of the 
ischemic limb. These patients should be 
promptly anticoagulated with heparin and 
started on aspirin on presentation even before 
the diagnosis of limb ischemia is fully estab-
lished. This can prevent propagation of the 
thrombus or embolus and maintain patency 
of any collateral vessels. After immediate 
initialization of anticoagulation, the patient 
should be evaluated with a history and physi-
cal examination including Doppler evaluation 
of the pulses.

Figure 3 is an adaptation of the widely pub-
lished Rutherford management strategy [14] 
incorporating angiography, endovascular tech-
niques and surgical options. A class I limb faces 
no immediate threat and can often be treated as 

any chronically ischemic limb would be, pursu-
ant to a full vascular work-up. Many of these 
patients may in fact have significant comorbidi-
ties and conservative measures may be more 
appropriate. Sedentary patients may actually 
end up ultimately asymptomatic after a course 
of anticoagulant therapy. Functional class I 
patients deserve revascularization and should be 
treated similarly to class IIA patients, who are 
defined by having a threatened limb that is sal-
vageable if treated promptly. Therefore, prompt 
angiography is an appropriate first step, and 
more often than not, the limb can be salvaged 
with endovascular techniques such as catheter-
directed thrombolysis (CDT) or percutaneous-
mechanical thrombectomy (PMT). The option 
for bail out to surgery without compromising the 

Figure 1. Example of an acutely ischemic foot exhibiting pallor and mottling.

Table 1. Differentiating embolic versus thrombotic acute limb ischemia.

Embolic Thrombotic

History

Sudden onset, severe Vague, progressive onset, less severe

Cardiac history No recent cardiac events

No peripheral arterial disease History of peripheral arterial disease symptoms

No prior vascular surgery Often history of surgical or catheter-based interventions

Physical exam

Arrhythmia No arrhythmia

Severe signs of ischemia Less severe signs of ischemia

Cold and mottled Cool and cyanotic

May have normal contralateral limb without 
signs of chronic limb ischemia

Abnormal contralateral limb pulses often with signs of 
chronic limb ischemia

Clear demarcation No distinct demarcation
Data taken from [13].
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patient’s limb exists if the procedure is not suc-
cessful. An immediately threatened limb, class 
IIB, is still salvageable if immediate revasculari-
zation occurs. Surgery, most often an embolec-
tomy, is the default treatment of choice in order 
to reperfuse the limb in adequate time to main-
tain viability. Pulse examination often guides the 
surgical procedure, but in the majority of cases 
surgical revascularization is approached from 
the common femoral artery. From here balloon 
catheter embolectomy can be performed from 
the aorta to the ankle. Embolic occlusions may 

only require embolectomy where as thrombotic 
occlusions may require endarterectomy or more 
likely bypass. Like endovascular intervention, 
completion arteriography is generally recom-
mended unless embolectomy results in complete 
restoration of normal distal pulses. Distal clot 
may be treated by a popliteal cut down with 
embolectomy or with CDT. 

Class III ischemia is considered to be irrevers-
ible. In addition to inaudible arterial and venous 
Doppler signals, these patients exhibit profound 
anesthesia and paralysis, along with muscle rigor 
and fixed mottling. The duration of ischemia 
is critical in these cases. If early after onset of 
ischemia (within 2 h), emergency embolectomy 
may still salvage the limb. Revascularization 
attempts in later presenting cases are unlikely 
to result in limb salvage but may result in renal 
failure due to rhabdomyolysis as well as a non-
functional contracted limb, which may com-
promise future amputations. Compartment 
syndrome is a frequent accompaniment of 
surgical reperfusion strategies in patients with 
severe ischemia. Compartment pressures should 
be measured unless fasciotomies are performed 
prophylactically [15]. 

Orthodox teaching strictly limited endovascu-
lar techniques to class I and IIA patients, as it was 
felt that surgery offered the most prompt reper-
fusion potential for patients presenting with class 
IIB and III ischemia. In the past, CDT was asso-
ciated with prolonged treatment times with the 
infusion of lytics for potentially days to achieve 
any degree of recanalization. It has become 
increasingly apparent that the choice of interven-
tion is often not that clear cut. Advances in tech-
nology, such as accelerated thrombolytic regimens 
and the use of mechanical thrombectomy, have 
resulted in a considerable decrease in the time 
to reperfusion. Although thrombolysis may take 
longer to restore full patency, it must be kept in 
mind that improvement in limb perfusion, during 
thrombolysis, occurs before complete thrombus 
removal. Thrombolysis may also have the added 

Figure 2. A thrombotic occlusion, with abundant collaterals, at the site of a 
previously placed stent graft (A); versus an embolic occlusion with a filling 
defect and a paucity of collaterals (B).

Table 2. Clinical categories of acute limb ischemia.

Class Prognosis Sensory loss Motor deficit Arterial 
Doppler

Venous 
Doppler

I: Viable No immediate threat None None Audible Audible

IIA: Marginally threatened Salvageable if promptly treated Minimal (toes) 
or none

None Inaudible Audible

IIB: Immediately threatened Salvageable if immediately 
revascularized

More than toes, 
rest pain

Mild/moderate Inaudible Audible

III: Irreversible Major tissue loss, permanent 
nerve damage

Profound, 
anesthetic

Profound, paralysis 
(rigor)

Inaudible Inaudible

Data taken from [13].
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benefit of a gradual return of arterial flow, which 
may result in a reduction in reperfusion injury. 
Overall, there has been considerable blurring 
between the choice of techniques, with many 
patients with class IIB and III ischemia having 
some endovascular treatment during their hospi-
tal course. Indeed, although the clinical relevance 
may be disputed, it must be kept in mind that 
in 36% of cases after a surgical embolectomy, a 
thrombus remains within the artery [16].

Ultimately, the choice of technique incor-
porates many additional factors such as the 
etiology of the ischemia, presence of underly-
ing medical conditions, local capabilities and 
expertise, and even prosaic decisions such as 
how long it takes to mobilize a surgical team 
versus an angiographic suite, where some flow 
can be promptly established.

The advantages of an endovascular approach 
relative to surgery are that it is minimally 
invasive, performed under local anesthesia, 
may result in improved thrombus resolution 
in smaller vessels, and it allows for subsequent 
endovascular and indeed surgical procedures.

The site of arterial access is determined by the 
suspected site of arterial occlusion and any previ-
ous surgical or endovascular interventions. A con-
tralateral femoral artery approach has the distinct 
advantage of allowing for angiographic evalua-
tion of the aorta and iliac inflow arteries, as well 
as generally being safer, particularly if lytics are 
infused over time. An antegrade ipsilateral femo-
ral artery approach is useful in situations where 
there is severe calcification or tortuosity of the iliac 
vessels or in the situation where there is significant 
distal tibial disease and particularly occlusions. 

After angiography has been performed, the 
choice of CDT versus PMT depends on operator 
preference and other institutional factors. It is our 
practice to initially utilize CDT and reserve other 
forms of PMT for cases of incomplete throm-
bolysis. In our institution, we have experienced 
good success with the EkoSonic® Endovascular 
System (Ekos Corporation, Bothell, WA, USA 
[101]). This catheter combines an infusion cath-
eter with multiple high-frequency, low-energy 
ultrasonic energy transducers along its length. 
By using ultrasound energy to loosen the fibrin 

Class I.
Viable

Class IIA.
Marginally threatened

Class IIB.
Immediately threatened

Class III.
Advanced/irreversible

Early intervention 
appropriate?

Angiography to determine 
most appropriate treatment

Surgical treatment

Emergency
embolectomy

Treat for chronic
limb ischemia

CDT      PMT
Failure of
therapy

Failure of therapy

Delayed amputation
for late presentation

Underlying PAD lesions?

Anticoagulants

None

Yes

Localized?

Endovascular
revascularization

Diffuse, multilesion?

Surgical bypass

Early
presentation

Angiography: successful
thrombus removal?

Figure 3. Management of acute limb ischemia based on categorization of ischemia. 
CDT: Catheter-directed thrombolysis; PMT: Pharmacomechanical thrombolysis.  
Adapted from [14].
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strands within the thrombus and by exposing a 
greater surface area of thrombus to the drug, the 
dose of administered lytic is reduced by as much 
as 50–70% and the duration of infusion consid-
erably shortened. A success rate of 92% compared 
with 68.8% in the TOPAS trial has been dem-
onstrated with this catheter [17]. The duration of 
infusion was likewise shorter, 16.9 versus 24.4 h. 

Initially, a guidewire, in combination with a 
catheter, is advanced across the occlusion. Distal 
intra-luminal catheter placement is confirmed 
angiographically. The catheter is then exchanged 
for the EkoSonic infusion catheter. The catheter 
of the appropriate length is placed so that the side 
holes span the length of the occlusion. A bolus 
of 5–10 mg tissue plasminogen activator (tPA) is 
followed by a continuous infusion of 0.5–2.0 mg 
tPA/h. Although not US FDA-approved for this 
indication, tPA is now the most widely used 
thrombolytic in part due to its short half-life of 
5–7 min. Heparin is administered through a 
peripheral intravenous line at 400–800 U/h to 
maintain a partial thromboplastin time <60 s. 
Despite its fibrin specificity, fibrinogen reduc-
tions of 16–36% have been observed with tPA [6]. 
Fibrinogen levels are monitored periodically dur-
ing thrombolytic infusion. If fibrinogen levels fall 
below 120–150 mg/dl the dose of tPA is decreased. 
Typically, relook angiography is performed within 
12 h. This may vary owing to signs of reperfusion, 
deterioration of the limb or hemorrhagic compli-
cations. In the event of worsening ischemia or 
hemorrhagic complication, surgical intervention is 
indicated. The potential for hemorrhagic compli-
cations with CDT is 6–12% [18]. The most serious 
complication of thrombolytic therapy is intracra-
nial hemorrhage, which may be fatal. If suspected, 
the lytic should be stopped and an emergent head 
CT obtained. Following successful thrombolysis, 
angiography may reveal underlying lesions, which 
are treated with either endovascular techniques or 
surgical bypass as appropriate.

PMT techniques have the potential advantage 
of rapid thrombus debulking, limiting the dura-
tion of ischemia and simplifying treatment by 
allowing for treatment of the underlying disease 
in one treatment session. Typically, there is less 
resource utilization and reduced risk of lytic com-
plications. The simplest example of this technique 
is percutaneous aspiration thrombectomy (PAT). 
PAT is a technique that uses thin-wall large lumen 
catheters with applied suction from a 50 or 60 
cc syringe to remove the embolus or thrombus. 
It is a simple and safe technique and may be 
used as a standalone procedure or in conjunc-
tion with more sophisticated techniques. A more 

sophisticated PMT system is the AngioJet® Ultra 
Thrombectomy System (MedRad Interventional, 
PA, USA), which can deliver pulse spray focally 
as well as aspirate thrombus [102]. The Trellis® 
peripheral infusion system (Covidien, MA, USA 
[103]) is approved for the management of DVT 
but also has utility in the arterial vasculature. The 
catheter has two occluding balloons with drug 
infusion holes between, along with mechanical 
drug dispersion capabilities with an oscillating 
wire within the isolated vessel segment. Lytic drug 
can be applied directly without systemic effect and 
the thrombus and drug aspirated. A success rate 
of 92% without hemorrhagic complications has 
been demonstrated [19]. 

Surgery may not represent the best first choice 
for many patients, but similarly there are those 
patients where an endovascular approach is left 
wanting and dependant on the age of the throm-
bus; once organized, both CDT and PMT are 
less effective. Embolic disease can be particu-
larly problematic. The onset of limb-threatening 
ischemia can be swift, and surgery so simple in 
many cases that an endovascular approach is not 
really appropriate. In addition, emboli usually 
consist of organized thrombus and therefore 
may be more resistant to thrombolytic therapy. 
Furthermore, many of these patients are eld-
erly with significant co-morbidities, which can 
present relative or absolute contraindications to 
prolonged thrombolysis. Finally, with all these 
techniques there is a significant potential for 
distal embolization, which may jeopardize the 
microcirculation and worsen the ischemia. 

Post‑revascularization treatment
After revascularization and reperfusion of an 
ischemic limb, reperfusion syndrome may 
develop. When reperfusion leukocytes and plate-
lets become activated, inflammatory mediators are 
generated, cellular membrane ion pumps are dis-
rupted, free radicals are generated and cell death 
can occur [20]. As a result, myoglobin, potassium, 
lactate and microthrombi enter the systemic circu-
lation. This may cause renal failure, arrhythmias 
or even death. This syndrome is associated with 
morbidity and mortality rates as high as 41% [21]. 

Biotoxins accumulate within ischemic tis-
sue, distal to an occlusion, resulting in tissue 
edema. This edema may be worsened by abrupt 
reperfusion. In general, the more profound the 
ischemia the more likely the limb is to develop 
reperfusion compartment syndrome. With short 
ischemic times and no evidence of elevated 
compartment pressures, clinical observation is 
warranted. Swelling or compartment pressures 
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exceeding 30 mmHg following revascularization 
are indications for fasciotomy [15].

The need for anticoagulation depends on 
the etiology of the limb ischemia. Patients with 
emboli of cardiac etiology or other sites that are 
not correctable should be placed on long-term 
anticoagulation. The rate of recurrent emboli 
ranges from 6 to 45%. In one study, the recur-
rence rate was 9% in anticoagulated patients 
and 31% in patients who were not anticoagu-
lated [22]. Patients with thrombosis of bypass 
grafts may be considered for long-term antico-
agulation especially in the absence of a correct-
able etiology, although randomized data for this 
approach is lacking.

Antiplatelet therapy with at least aspirin 81 mg 
daily is indicated in all patients with ALI. In 
patients with thrombosis who undergo endovas-
cular revascularization it is our practice to initi-
ate long-term dual antiplatelet therapy with both 
aspirin and a P2Y

12 
inhibitor, particularly if they 

have received an intravascular stent.

Randomized trials
Since 1994 to date, three prospective randomized 
trials have been published comparing thrombo-
lytic therapy to surgical intervention in patients 
with ALI. All of these studies preceded the rou-
tine use of tPA as well as the more sophisticated 
CDT and PMT devices previously discussed. 
Regardless of this, they provide a positive back-
drop to the continued used of endovascular ther-
apy as it appears to yield equivalent long-term 
results to surgery with less associated mortality.

The results of the Rochester trial were pub-
lished in 1994 [23]. In this study, 114 patients with 
class IIA or IIB ALI of at least 7 days duration 
were either randomized to treatment with uroki-
nase or surgery. The 1-year limb salvage rate was 
82% in both groups. However, the survival rate 
was significantly higher with thrombolysis – 84 
versus 58%.

The same year, the multicenter Surgery ver-
sus Thrombolysis for Ischemia of the Lower 
Extremity trial results were published [5]. A 
total of 393 patients with class I and II symp-
toms of less than 6-months duration were 
randomized to CDT or surgery. The amputa-
tion-free survival in the subgroup of patients 
admitted with ALI (symptoms <14 days) 
was 84.7% in the CDT group and 63.5% 
in the surgery group. This positive outcome 
can mostly be attributed to the good results 
observed with acute graft occlusion. In these 
patients, the 1-year freedom from amputation 
rates were 52 versus 20%. 

The Thrombolysis or Peripheral Arterial 
Surgery study only enrolled patients with symp-
toms of less than 14 days [18,24]. ALI patients 
again were randomized to urokinase or surgery. 
The amputation-free survival rate at 12 months 
was similar in both groups – 61.2 and 71.4% for 
urokinase and surgery, respectively (p = 0.10). 
In patients with an occluded bypass graft, the 
amputation-free survival rate was 68.2 and 
68.8%, respectively (p = 0.91). Patients rand-
omized to urokinase had more bleeding compli-
cations, but a lesser need for surgical procedures 
during follow-up without a resultant increase in 
the risk of amputation or death.

The comparative outcomes of CDT versus sur-
gical thrombectomy were undoubtedly influenced 
by the subsequent disease management. As PTA 
was usually associated with CDT and bypass with 
thrombectomy, to an extent these results reflect 
the improved durability associated with bypass 
compared with PTA. Therefore, the advantage 
of CDT may be underrepresented in these trials. 
Indeed we are already seeing the results of these 
advances in endovascular techniques nationwide. 
Rowe and colleagues analyzed the Nationwide 
Inpatient Sample 1996–2005 database and found 
that utilization of open procedures for the treat-
ment of acute PAD admissions decreased from 
34.5 to 26.3%, whereas the likelihood of under-
going an endovascular procedure increased from 
12.7 to 28.3% [25]. Reassuringly, the likelihood of 
undergoing an amputation decreased significantly 
from 30.2 to 21.8%.

Conclusion
Acute limb ischemia is a vascular emergency 
that requires prompt evaluation of the severity 
and etiology of the ischemia. Treatment options 
include anticoagulation, endovascular strate-
gies of CDT/PMT and surgical thrombectomy. 
The choice depends on the severity of ischemia. 
With newer infusion catheters and PMT tech-
niques, endovascular revascularization is a viable 
option for more patients. Following revascu-
larization, the patient remains at considerable 
risk owing to complications of reperfusion syn-
drome. Continued evaluation and treatment for 
metabolic abnormalities, renal failure, cardiac 
arrhythmias and compartment syndrome is 
crucial to prevent the devastating consequences. 

Future perspective
We can expect continued advances in technol-
ogy and techniques of CDT and PMT. This will 
result in improved reperfusion times. As a result, 
endovascular revascularization will continue 
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to play an increasingly significant role in the 
management of ALI. Although arterial bypass 
will remain an important therapy for patients 
with diffuse underlying PAD, with improved 
durability of infra-inguinal endovascular revas-
cularization, fewer patients will require these 
operations. Over time, improvement in mor-
bidity and mortality associated with ALI will 
be realized.
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Executive summary

Incidence & etiology
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Randomized trials
 � Although the utilization of open procedures has decreased and endovascular procedures increased from 1996 to 2005, the likelihood of 

amputation has significantly decreased.



www.futuremedicine.com 389future science group

Choosing the correct therapeutic option for acute limb ischemia  REVIEW

Peripheral Arterial Surgery (TOPAS) 
Investigators. N. Engl. J. Med. 338(16), 
1105–1111 (1998).

19 Sarac TP, Hilleman D, Arko FR, Zarins CK, 
Ouriel K: Clinical and economic evaluation 
of the trellis thrombectomy device for arterial 
occlusions: preliminary analysis. J. Vasc. Surg. 
39(3), 556–559 (2004).

20 Beyersdorf F, Schlensak C: Controlled 
reperfusion after acute and persistent limb 
ischemia. Semin. Vasc. Surg. 22(1), 52–57 
(2009).

21 Trummer G, Brehm K, Siepe M, 
Heilmann C, Schlensak C, Beyersdorf F: The 
management of acute limb ischemia. Minerva 
Chir. 65(3), 319–328 (2010).

n	 Good discussion of reperfusion syndrome  
is presented.

22 Green RM, DeWeese JA, Rob CG: Arterial 
embolectomy before and after the Fogarty 
catheter. Surgery 77(1), 24–33 (1975).

23 Ouriel K, Shortell CK, DeWeese JA et al.: 
A comparison of thrombolytic therapy with 
operative revascularization in the initial 
treatment of acute peripheral arterial 
ischemia. J. Vasc. Surg. 19(6), 1021–1030 
(1994).

24 Ouriel K, Veith FJ, Sasahara AA: 
Thrombolysis or peripheral arterial surgery: 
Phase I results. TOPAS Investigators. J. Vasc. 
Surg. 23(1), 64–73; discussion 4–5 (1996).

25 Rowe VL, Lee W, Weaver FA, Etzioni D: 
Patterns of treatment for peripheral arterial 
disease in the United States: 1996–2005. 
J. Vasc. Surg. 49(4), 910–917 (2009).

 n Websites
101 EKOS 

www.ekoscorp.com

102 MEDRAD 
www.medrad.com

103 Bacchus Vascular 
www.bacchus-vascular.com


