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A
cute limb ischemia (ALI) is an 
emergent medical condition that 
is characterized by a precipitous 
decrease in limb perfusion that 

threatens the viability of the affected limb, 
and symptoms that have been present for 
14 days or less.1-5 The incidence of lower 
extremity ALI in the US is nine to 16 cases 
per 100,000 persons per year, and one to 
three cases per 100,000 persons per year 
for upper extremity ALI.3 Symptoms sug-
gestive of this condition classically in-
clude pain in the effected limb at rest, loss 
of sensation, impaired motor function, and 
cyanosis/pallor. Irreparable damage can 
occur in as quickly as 4 to 6 hours with 
complete arterial occlusion. A majority 
of ALI is caused by thrombosis, with the 
remainder of cases caused by embolism, 
85% and 15% respectively.1-6 If not ad-
dressed promptly, this condition carries 
a high degree of morbidity (ie, limb loss) 
and mortality. Immediate initiation of an-
ticoagulation therapy and vascular surgery 
consultation are mainstays of ED manage-
ment. Time-to-treatment is a predictor of 
success and is an area where the emergen-
cy physician (EP) can make a significant 
difference in patient outcomes.7 Although 
vascular interruption via traumatic mecha-
nism is not addressed in this review, it 

should remain a consideration in relation 
to the historical features of each case. 

Presentation
Traditionally, symptoms of ALI can be 
remembered as the “six Ps”: pain, pallor, 
paresthesia, paralysis, pulselessness, and 
poikilothermia. Note that ALI represents 
a spectrum of disease, and the presenting 
features depend heavily on the level and 
degree of obstruction. Pain, however, is 
most frequently the first presenting symp-
tom of patients with ALI.1-6 Pain will occur 
in muscle groups distal to the occlusion. 
Obstruction of the aortoiliac region might 
produce pain in the buttocks, thigh, and 
hip, whereas occlusion of the femoral ar-
tery may produce pain in the calf. Single-
level disease will often produce claudica-
tion, but multilevel disease may present as 
a nonhealing ulcer or with focal gangrene. 
The differential diagnosis of ALI includes 
direct arterial injury, vasospasm, compart-
ment syndrome, chronic peripheral artery 
disease, stroke, spinal cord injury, vasculi-
tis, muscular trauma, and radiculopathy.3,5 

Etiology
As stated previously, ALI is a result of ei-
ther thrombotic or embolic phenomena 
that either partially or completely occludes 
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a vessel such that adequate perfusion is no 
longer achieved. Consequently, there is a 
decrease in the metabolism of the tissue 
supplied in those territories, which can 
rapidly progress to necrosis. Thrombosis is 
the most common cause of ALI, account-
ing for approximately 85%.2,3 Typically, 
thrombosis presents in the setting of pre-
existing peripheral artery disease (PAD).8 
As PAD worsens, damage to the arterial en-
dothelium triggers platelet activation, and 
accumulation in a manner conceptually 
similar to thrombosis in myocardial in-
farction.9 Hypercoagulable states increase 
the risk of thrombi development.10 Symp-
toms of thrombosis are often more insidi-
ous in onset when compared to embolism, 
and signs/symptoms of prior claudication 
are almost always present. Consequently, 
there is a greater chance that collateral cir-
culation has developed over time.2,6,11,12

By contrast, ALI caused by embolism 
is more acute in onset, and is often more 
emergent due to complete occlusion with-
out chance of collateral vessel develop-
ment.1,3,6,12 See Table 1 for differences in 
risk factors and presentation between 
thrombotic and embolic occlusion. Pa-
tients with known risk factors for embolic 
phenomena should raise clinical suspicion 
for this etiology. Therefore, an investiga-
tion of embolic risk factors should be initi-
ated in all patients in whom ALI secondary 
to embolism is suspected. Risk factors in-
clude atrial fibrillation, impaired myocar-
dial contractility, prosthetic heart valves, 
endocarditis, prior arterial injury, and 
other exogenous devices, such as stents.3,5,1

Historical Features
Information should be obtained system-
atically in all presentations and should 
include time of symptom onset, duration, 
severity, and location; however, special at-
tention should be paid to the evolution of 
symptoms over time. One historical pearl 
that should raise suspicion of embolism 
vs thrombus is a patient history with a 
specific time of symptom onset. Specific 
questioning about history of claudication, 
including description of typical symp-
toms, is critical. A full list of other medi-
cal comorbidities should be obtained. This 
may reveal risk factors for thrombotic and 
embolic disease.1,3-5 This also may alter 
available treatment options.7,8,12,13 At pre-
sentation, the EP should obtain a list of the 
patient’s current medications, and special 
attention should be given to prothrombotic 
medications and medications that may in-
teract with anticoagulants. 

Physical Examination
On physical examination, the EP should 
pay particular attention to both the ex-
ternal appearance and temperature of the 
skin of the patient’s affected extremity. The 
presence or absence of peripheral pulses is 
an important feature when assessing for 
ALI; however, the presence of peripheral 
pulses does not exclude ALI from the dif-
ferential. 

Precise evaluation of sensation is im-
portant to attempt to quantify the extent of 
injury, localize a possible obstruction, and 
differentiate ALI from other possible causes 
of sensation deficits. Though not referenced 

Table 1. Differentiation Between Embolic and Thrombotic Arterial Ischemia 

Clinical Features Embolism Thrombosis

Onset Seconds to minutes Hours or days

Past medical history Atrial fibrillation, prosthetic heart valve Peripheral artery disease

History of claudication Absent Present
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in the six Ps, the patient’s limb may also ap-
pear mottled or marbled. Embolic phenom-
ena occur at sites of vascular bifurcation. 
In a patient with aortic embolism, femoral 
pulses will be absent with bilateral mot-
tling and paralysis of the lower extremi-
ties. Iliac artery embolism will produce the 
same symptoms, except unilateral. Femoral 
artery embolism will yield coolness and 
mottling distal to the inguinal ligament. 
Similarly, popliteal artery embolism will 
produce those same findings, except distal 
to the knee with preserved femoral pulses. 

Diagnosis and Evaluation
After the history and physical examination 
are completed, further diagnostic method-
ologies should be considered, including 
laboratory evaluation and additional imag-
ing studies. 

Imaging Studies
Doppler ultrasound examination to assess 
for pulses on the affected limb should be 
performed immediately. Bedside continu-
ous-wave Doppler may be used to differ-
entiate arterial vs venous signal.6,14-16 An 
ankle brachial index may be calculated 
through either direct auscultation of pulses 
or Doppler signal. A ratio of less than 0.9 is 
suggestive of ischemia, while a ratio of less 
than 0.5 is considered critical ischemia.2

Laboratory Evaluation
Laboratory evaluation of hematocrit, co-
agulation studies, renal function, electro-
lyte levels, lactate, and creatinine kinase 
should be completed.1,5 An electrocar-
diogram and bedside/formal echocardio-
gram may be considered if embolism is  
suspected.1,6,17

Imaging
Angiography is currently the gold stan-
dard imaging modality to diagnose ALI.16 
However, other imaging modalities exist 
that expose the patient to less radiation 
and are generally preferred by patients.18 
Duplex ultrasonography is the least in-

vasive imaging modality, with a reported 
sensitivity of 88% and specificity of 96% 
for the detection of greater than 50% ste-
nosis.6,19 Contrast-enhanced magnetic res-
onance angiography (MRA) of the lower 
extremity is also relatively noninvasive, 
but is more limited in its application. It 
carries a reported sensitivity of 95% and a 
specificity of 97% for detection of stenosis 
of greater than 50%.6,19 An MRA without 
contrast may be considered for patients 
with an estimated glomerular filtration 
rate of less than 30 mL/min/1.73 m2 and 
who are not on dialysis, but the diagnostic 
efficacy is reduced.16 Finally, the sensitiv-
ity and specificity of computed tomogra-
phy angiography (CTA) to detect aortoiliac 
stenosis of greater than 50% is 96% and 
98% respectively.6,18,19 Other studies dem-
onstrated similar results for other arterial 
locations in the lower extremities.18,19 A 
principal advantage of CTA is that direct 
visualization of calcifications, clips, stents, 
and prior bypasses is possible without the 
limitations of MRA.16 The American Col-
lege of Radiology (ACR) lists ultrasound 
duplex Doppler and noncontrast MRA of 
the lower extremity as “may be appropri-
ate.”16 In contrast, the ACR classifies MRA 
with contrast, CTA with contrast, and an-
giography of the lower extremity as “usu-
ally appropriate.”16 Selecting the optimal 
imaging study for a patient may require in-
volvement of a facility’s radiology depart-
ment and/or a vascular surgeon.14,15

Management in the ED
Even before the definitive diagnosis of ALI 
is made, steps can be taken to minimize 
and/or slow progression of injury. Placing 
the affected limb in a dependent position 
and providing intravenous (IV) fluid hy-
dration will maximize perfusion.1,3,5 Even 
with consideration of the diagnostic mo-
dalities previously described, ALI is often 
considered a clinical diagnosis. Since time 
is critical, early consultation with vascular 
surgery services is imperative if ALI is sus-
pected. 
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Intravenous Fluid Therapy
Suspected ALI should be treated in the 
ED with an IV heparin bolus, followed by 
constant IV infusion. Heparin prevents 
proximal and distal propagation of the 
thrombus.1,3,5,6,15,17,20 Additionally, it helps 
maintain the microcirculation surround-
ing the affected area.6 A heparin bolus 
dose of 100 U/kg followed by a continuous 
infusion of heparin 1,000 U/h is the rec-
ommended standard.1,3,5,6,15 A goal partial 
thromboplastin time of 60 to 100 seconds, 
or an international normalized ratio of 2 to 
3 is desirable.8,21

Staging: The Rutherford Classification 
System
Once immediate therapies are started, the 
stage of PAD should be determined using 
the Rutherford classification system in col-
laboration with vascular surgery services; 
this will further guide treatment and dis-
position. 

Category I. In category I ALI, the affected 
limb is considered viable and not immedi-
ately threatened. 

Category IIa. The limb is considered to be 
marginally threatened and salvageable. 

Category IIb. An ALI classified as a catego-
ry IIb is the most urgent type in which the 
limb is immediately threatened. 

Category III. The limb is classified as hav-

ing irreversible damage.2,3,17,22

(See Table 2 for a more detailed summa-
ry of the Rutherford classification system.)

Treatment
Definitive treatment decisions should be 
made in consultation with vascular sur-
gery services. The results of three clini-
cal trials developed the foundation for 
management of ALI: the Thrombolysis 
or Peripheral Arterial Surgery (TOPAS) 
trial, Surgery Versus Thrombolysis for 
Ischemia of the Lower Extremity (STILE) 
trial, and Rutherford trial.22-24 Table 3 
provides a summary of the treatment 
techniques utilized, which include me-
chanical recanalization with percutane-
ous aspiration thrombectomy, percuta-
neous mechanical thrombectomy,6,12,25-28 
pharmacological recanalization via 
catheter-directed thrombolysis,6,8,12,20,23-28 
and/or surgical management via throm-
bectomy or embolectomy.6,11,23,24,27 The 
primary goals of ALI management are, 
first, to avoid death; and second, to sal-
vage the affected limb, if possible. The 
rates of limb salvage appear comparable 
between catheter-directed thrombolysis 
and surgical management. However, the 
rate of patient survival at 1 year is no-
ticeably better in the group that received 
catheter-directed therapy.27

Table 2. Rutherford Classification System for Staging of Ischemia and Management in Patients 
With a Cold and Painful Leg6,8,11 

Clinical Features Management

Category I Normal motor function, no sensory loss, intact capillary 
refill

Urgent revascularization and anticoagulation

Category IIa Slow to intact capillary refill, sensory loss limited  
to toes, no motor weakness

Emergency revascularization and 
anticoagulation

Category IIb Slow to absent capillary refill, sensory loss involving  
more than toes and rest pain, motor weakness present

Emergency revascularization and 
anticoagulation

Category III Complete loss of motor function, complete sensory loss, 
absent capillary refill

Primary amputation
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Complications
The complications of treating ALI can be 
stratified into three subsets: pharmaco-
logic, mechanical, and reperfusion injury-
related. Medical treatment with heparin is 
not without risk. Intracranial hemorrhage, 
major bleeding at other sites, and compart-
ment syndrome secondary to bleeding can 
all occur. Treatment may also cause distal 
embolization and lead to mechanical oc-
clusion of another site. Finally, reperfu-
sion injury predisposes the patient to a 
host of new problems. Reperfusion injury 
occurs when fresh blood enters a previous-
ly ischemic zone. When this occurs, oxy-
gen free radicals, inflammatory mediators, 
and catabolism byproducts mix with the 
blood. This process can damage surround-
ing epithelial cells and lead to increased 
interstitial permeability. As a result, com-
partment syndrome may also develop via 
this mechanism.1,3,5,6 The anterior compart-
ment of the lower extremity is most at risk. 
As such, assessment of peroneal nerve ac-
tivity via dorsiflexion of the foot and sen-
sation testing is important after the initia-
tion of treatment.6 Systemic distribution of 
these harmful byproducts can also cause 

arrhythmias, renal failure, and systemic 
acadisos.1,3,5,6 It is important for physicians 
and staff to monitor the patient closely for 
the development of these complications 
and be prepared to intervene. 

Opportunities for Improvement 
In a condition where minutes matter, ex-
pedient action is critical. Time-to-recog-
nition, imaging, consultation, and inter-
vention all are potential sources of delay. 
Two recent studies have investigated the 
treatment timeline of ALI. The first study 
showed that the greatest source of delay is 
time from symptom onset to presentation 
in the ED; an average of 11.35 hours. The 
second largest source of delay was time 
from recognition of ALI to imaging, with 
an average delay of 4.75 hours. The aver-
age ED evaluation time was 40 minutes, 
and the average total time to intervention 
was 10.2 hours. While time-to-symptom 
presentation may represent a failure of 
public health, time-to-imaging was identi-
fied as an area of unacceptable delay by the 
authors.29 A second study examined the 
effect of pre-hospital care on the time-to-
treatment. Persons who were transported 

Table 3. Pivotal Trial in the Treatment of Arterial Ischemia23,24

STILE23 TOPAS24

Year 1994 1996

Site/s Multicenter Multicenter

Sample size 393 213

Design Randomized, prospective Randomized, double-blind, prospective

Intervention Catheter-directed intra-arterial thrombolytic therapy  
(tPA or urokinase) vs surgery Urokinase vs surgery

Outcome

Catheter-directed superior for less than 14 days 
of symptoms. Surgery superior for greater than 14 
days of symptoms. No difference between tPA and 
urokinase. 

Urokinase dose of 4000 IU/min non-inferior to 
surgery with regard to limb salvage and survival. 
Added benefit of decreased need for additional 
surgery post-revascularization vs surgery.

Abbreviations: STILE, Surgery Versus Thrombolysis for Ischemia of the Lower Extremity; TOPAS, Thrombolysis or Peripheral Arterial Surgery; tPA, tissue 
plasminogen activator. 
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via emergency medical services (EMS) ar-
rived to the hospital at a median time of 5 
hours after symptom onset, were seen by a 
physician at a median time of 51 minutes, 
and had revascularization at a median time 
of 23 hours. Those not transported by EMS 
arrived to the hospital at a median time 
of 48 hours after symptom onset, were 
seen by a physician at a median time of 
80 minutes, and had revascularization at 
a median time of 93 hours. As a second-
ary goal, the study examined the effect of 
heparinization in the ED and showed that 
treatment with heparin was associated 
with a favorable outcome.30 While the total 
treatment times in each study vary widely, 
they share several important commonali-
ties and reinforce expedient management 
as an important goal. 

Outcomes
Advances in the treatment of this condi-
tion began in the 1970s, with an explosion 
of new techniques and data in the past 
several years. Still, ALI is a high morbidity 
and high mortality condition. Rates of limb 
loss are approximately 30% for all cases, 
and it is a fatal condition for as many as 
one-in-five. As discussed earlier, the pa-
tients who are most likely to experience 
ALI typically have several medical comor-
bidities. Perhaps unsurprisingly, ALI por-
tends a poor prognosis even if the limb is 
salvaged. Approximately 15% to 20% of 
patients with ALI will die within 1 year of 
diagnosis.3,4,6,12

Conclusion
Acute limb ischemia is a rare condition, 
but a true medical emergency. Prompt 
recognition of the signs and symptoms 
of ALI are critical for optimizing patient 
outcomes. A high index of clinical suspi-
cion in patients with risk factors may lead 
to early diagnosis. Early vascular surgery 
consultation and early IV heparin treat-
ment are important aspects of care. Prompt 
imaging and staging guide further manage-
ment. Special care should be paid to pos-

sible post-treatment complications and to 
the investigation of contributing factors. 
The EP has a great opportunity to positive-
ly impact care with expeditious manage-
ment. Early diagnosis, targeted history and 
physical examination, prompt treatment, 
collaboration with specialists, and preven-
tion and treatment of life-threatening com-
plications are all hallmarks of emergency 
medicine. 
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