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ABSTRACT

Acute limb ischaemia is both a limb-threatening and life-threatening surgical
emergency. The clinical presentation of acute limb ischaemia can vary
depending on the underlying aetiology as well as pathophysiology. While

traumatic acute limb ischaemia becomes obvious in a trauma victim, non-
traumatic ischaemia can be easily mistaken for other neurological or medical
conditions. The rapidity with which acute limb ischaemia causes irreversible
muscle injury signifies the importance and urgency of accurate diagnosis.
A high degree of clinical suspicion and accurate bed-side assessment can be
pivotal in timely diagnosis and initiation of definitive care to maximize limb
salvage.
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INTRODUCTION

Acute limb ischemia (ALI) is one of the commonest vascular surgical
emergencies encountered in clinical practice. It carries potentially
devastating consequences including limb loss and death if timely intervention
is missed. Unlike acute limb ischaemia secondary to trauma, the clinical
presentation may often be shrouded leading to significant delays in diagnosis.
Hence a high degree of clinical suspicion and timely intervention becomes
pivotal in managing this entity with minimal morbidity to the patient.

The Trans-Atlantic InterSociety Consensus (TASC) definition of ALI
describes it as “a sudden decrease in limb perfusion causing potential or
established threat to limb viability” (1). From a clinical standpoint, it is
defined arbitrarily as symptoms persistent for less than 2 weeks, in order
to differentiate it from chronic variety of limb ischaemia. Worldwide
epidemiological data have commented on ALI as one of the commonest
causes of limb loss and death in the adult population. The reported rates of
major amputation and 30-day mortality after ALl are 10-15% and 15-25%
respectively (2-4).

Non-traumatic occlusions account for approximately 90% of all cases of ALI
(5). The two commonest pathophysiological mechanisms of non-traumatic
ALI are thrombosis (60%) and embolism (30%). However, in most cases,
these two mechanisms may co-exist such as in an acute embolus that causes
arterial occlusion and then leads to proximal and distal thrombosis of the
affected artery.

EMBOLISM

Arterial embolism occurs due to a floating embolus that gets lodged in an area
of natural arterial luminal narrowing such as a point of arterial bifurcation.
The commonest sites of embolic occlusion include aortic bifurcation (saddle
embolus) or bifurcation points of the common iliac artery, common femoral
artery, popliteal artery and brachial artery (6). Aortic and lower extremity
occlusion account for approximately 80% of all embolic ALI as opposed to
upper extremity ischaemia. The affected native artery itself is healthy and
gets acutely occluded by the floating embolus, leading to complete cessation
of flow. The historical study looking at patients over 40 years by Abbott et
al. found approximately (80-90%) of these emboli originated in the heart.
Although dramatic decline in the incidence of rheumatic heart disease since
that time has made it less common, cardiac emboli may still originate from
degenerative heart disease, prosthetic valves, atrial fibrillation, or secondary
to akinetic segments following myocardial infarction (7). Rare cardiac
tumours such as atrial myxoma can also result in cardiac origin emboli

leading to ALI (8). Alternatively, the embolus may originate from a proximal
area of the artery due to aneurysmal disease such as in abdominal aortic
aneurysms causing ALI of the leg or subclavian aneurysms leading to ALI of
the arm. In the absence of compensatory collateral circulation, embolic ALI
leads to a sudden dramatic ischaemia with rapid deterioration (Figure 1).

THROMBOSIS

ALI due to thrombosis occurs due to in-situ occlusion of an artery that is
already affected by disease. With the global epidemic of atherosclerotic
peripheral vascular disease, the incidence of thrombotic ALI has shown
a steady increase compared to embolic ALI (2). Any local damage to an
existing atheromatous plaque leads to in=situ thrombosis of the artery with
acute exacerbation of symptoms. The clinical progression is less dramatic
compared to embolic ALI and may take several hours to develop and
progress to full-blown ischaemia (9,10). The defining features of thrombotic
ALI are the presence of chronic ischaemic symptoms in the past with sudden
acute exacerbation, the presence of collateral circulation on imaging and
angiographic evidence of background atherosclerotic disease (Figure 2).
Rarely, acute dissection of an artery may lead to thrombotic ALI without the
aforementioned collaterals or background atherosclerotic changes resulting
in a clinical presentation which is akin to embolic ALI (11-13). Furthermore,
thrombotic ALl may occur in a preexisting venous or prosthetic graft
or stent. This should be suspected in any patient with a history of prior
revascularization who presents with symptoms of ALI of the same limb.

Less commonly, arterial thrombosis can occur due to extreme hypercoagulable
states. This includes instances of excessive dehydration, severe systemic
hypotension, septicaemia, disseminated malignancy and hyperviscosity
disorders (7). Although rare, it is vital to consider the diagnosis of ALI in
these instances as any delay in diagnosis due to the general patient condition
may result in unsalvageable limb loss.

PRESENTATION

ALI can affect both upper and lower extremities, with lower extremity
ALI being approximately four times commoner than upper extremity (14).
The clinical presentation depends on several factors including the level of
occlusion and presence of collateral circulation around the site. Absence of
collaterals in embolic ALI or arterial dissection results in a dramatic onset
and progression of symptoms compared to thrombotic ALI. Similarly,
the anatomical level also determines the immediate clinical picture, with
occlusion of the popliteal artery or brachial artery bifurcation often causing
more pronounced ischaemia than occlusion proximally.
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Figure 1) Acute limb ischaemia due to an embolic occlusion of the left popliteal
artery; complete occlusion of the artery with no collaterals and no evidence of chronic
atherosclerotic disease
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Figure 2) Acute limb ischaemia due to thrombotic occlusion of the right mid
superficial femoral artery; Collateral branches seen along with evidence of chronic
atherosclerotic changes on both legs
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CLINICAL ASSESSMENT

A high degree of clinical suspicion is required in assessing any patient with
sudden onset pain or weakness of limbs. Failure to assess limb perfusion
amidst confounding clinical picture of neurological and musculoskeletal
symptoms could lead to detrimental outcomes (15). Reports of such ALI
being mistaken for neurological disorders including stroke, highlights the
importance of clinical assessment in these patients. A complete assessment
of the affected limb, other extremities as well as the general condition of
the patient is vital not only in accurate diagnosis but also prioritizing of
subsequent care.

A detailed history should evaluate possible precipitating factors; atrial
fibrillation, history of cardiac disease, recent myocardial infarctions,
previous arterial interventions etc. Furthermore, general risk factors for
atherosclerotic disease such as diabetes, hypertension, hypercholesterolemia
and smoking need to be established. A history of preceding claudication or
prior arterial interventions in the affected limb would suggest the possibility
of thrombotic ALIL

The classical presentation of ALI has been described in terms of the “six
Ps”: pain, pallor, paraesthesia, paralysis, pulse absence and poikilothermia
(perishing cold). The first and most severe symptom n a conscious patient
would be he ischaemic pain. However, this may be difficult to observe in
the critically ill patients or those who may be unconscious, especially in
the intensive care setting. As ischaemia progresses, it affects the sensory
and motor nerves sequentially, with the smaller sensory nerves being more
sensitive to ischaemic injury than the larger motor nerves. Hence, the
patients who present early, may only have paraesthesia with intact muscle
power. However, with progressive ischaemia, the motor nerves are affected
causing muscle weakness and paralysis which can easily be mistaken for an
acute neurological event. The presence of complete anaesthesia and paralysis
may indicate a non-viable limb (7).

Examination should include assessment of the pulse status compared to the
contralateral limb, temperature difference, capillary refill time, skin changes
(cyanosis, skin mottling), sensory deficit and motor deficit. Absence of
movement in the toes and reduced or absent flexion at the ankle along with
muscle tenderness are crucial in determining limb viability. If both lower
limbs are affected as in a ‘saddle embolus’, lower extremity findings should
be compared with those of the upper extremity.

General examination findings may be helpful in establishing the possible
pathophysiology. These include detection of pulse rhythm abnormality,
presence of murmurs, proximal palpable aneurysmal disease such as
abdominal aortic aneurysms or popliteal aneurysms (16).

As pointed out by Rutherford (2009) in his paper depicting the importance
of clinical assessment in ALI, ccurate bed-side assessment can be done using
a hand-held doppler (17). Absence of a normal triphasic doppler signal
indicates severe stenosis or proximal occlusion. The presence of a distal
monophasic signal may indicate a patent outflow despite proximal occlusion
while total absence of distal signal may indicate complete thrombosis of
distal run off arteries. Comparison of doppler signal characteristics and
ankle brachial pressure index with the contralateral limb or upper limbs is
helpful in assessing the degree of ischaemia. Similarly, assessment of venous
doppler signal is useful in establishing the degree of ischaemia and limb
viability, whereas the absence of a venous signal signifies a poor prognostic
outcome and a non-viable limb (Table 1).

CLASSIFICATION OF ALIL

The earliest classification of ALl was based on aetiology and pathophysiology;
traumatic, thrombotic and embolic. However, the differentiation between
thrombotic and embolic ALI may not be conclusive in most cases and the
outcome of treatment depends more on the degree of ischaemic tissue injury
rather than aetiology. Therefore, more recent classification systems have
focused on the state of the affected limb and degree of ischaemia to give a
more meaningful idea regarding outcome and prognosis.

The currently accepted classification system was introduced by the Society for
Vascular Surgery, based on ischaemia severity and does not depend on the
aetiology or pathophysiology (17,18). It relies on simple clinical assessment
with hand-held Doppler assessment and does not require invasive imaging.
Hence rapid categorization of patients can be done which help in early
therapeutic decision making.

Class I; The viable limb
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TABLE 1

Classification of Acute Limb Ischaemia (Adapted from Rutherford RB. Clinical Staging of Acute Limb Ischemia as the Basis for

Choice of Revascularization Method 2009)

Category Sensory impairment Motor impairment Arterial Doppler signal Venous Doppler signal
Class 1
. Viable—No No No Audible Audible
immediate threat
Class IIA
Marginally Minimal in the toes) or none No Often inaudible Audible
threatened
Class 11B
Immediately threatened Involves forefoot Mild to moderate Usually Inaudible Audible
+ Rest pain
Class 111
Irreversible Anesthetic Paralytic / rigor Inaudible Inaudible

These patients with ALI present early and have the best chance of limb
salvage. The patients may complain of acute onset pain or claudication
and often have mild symptoms. They can still ‘walk in’ to the consultation
or emergency department and have no evidence of sensory or motor
impairment. Although the distal pulses in the affected limb may not be
palpable, they continue to have audible biphasic arterial doppler signals.
Majority of such patients can be successfully managed with systemic anti-
coagulation, anti-platelet medication and observation without immediate
active intervention (19).

Class II; The threatened limb

Patients with class Il ALI definitely need active intervention in order
to re-establish perfusion and achieve limb salvage. Depending on the
clinical assessment at presentation, these patients are subdivided in to two
categories; Ila (marginally threatened) and IIb (Immediately threatened). In
addition to the absence of palpable pulses and coldness of the skin, these
patients will have varying degrees of paraesthesia in the extremity ranging
from numbness in the toes to established rest pain in the forefoot. Motor
impairment will result in varying degrees of muscle weakness compared to
the contralateral limb. The arterial doppler signal is usually absent or heard
only in a monophasic pattern. Venous doppler signal is still preserved.

Class I AL is salvageable with immediate intervention and revascularization.
Clinical distinction between class Ila and IIb becomes crucial in deciding the
urgency of intervention. The presence of established numbness and muscle
weakness help in the categorization of these patients in to class IIb where
immediate revascularization is needed. Class Ila ALI allows for prompt but
semi-elective revascularization, and offers time for diagnostic angiographic
imaging prior to revascularization (17).

Class III; The irreversibly ischaemic limb

Stage III is the extreme of ALI where the ischaemic damage has caused
irreversible damage to the limb. Apart from the absence of pulses, both
arterial and venous doppler signals are inaudible. Furthermore, there is total
loss of sensory and motor function, resulting in a limb which is completely
anaesthetic and paralysed with varying degree of muscle rigor. Stage III ALI
mandates an amputation at the level of preserved limb perfusion to prevent
life threatening reperfusion or toxin induced multi-organ dysfunction (20).

DETERMINING THE LEVEL OF OCCLUSION
Aortic Occlusion

The commonest aetiology of acute aortic occlusion is a large embolus that
saddles and blocks the aortic bifurcation, termed a ‘saddle embolus’ (Figure
3). Less frequently, it can occur due to a Stanford type-B aortic dissection
with thrombosis (21). This can result in varying degrees of ALI affecting
both lower limbs. Less frequently, it can also occur due to acute thrombosis
of a preexisting aortic aneurysm or atherosclerotic plaque (Figure 4).
The clinical presentation is characteristic in that the acute ischaemic
symptoms are present in both lower limbs. Aortic dissection induced ALI
will characteristically have the severe back pain as a prominent presenting
symptom in addition to the ischaemic symptoms of the legs that develop
subsequently. Saddle emboli causing aortic occlusion presents with sudden
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Figure 3) A saddle embolus blocking the aortic bifurcation causing ischemia on both legs

severe pain and paralysis of both lower limbs often being mistaken for an
acute neurological event. The distinguishing feature in the acute stage is
mostly the absence of extremity pulses in aortic occlusion which signifies
the importance of pulse examination in all such presentations with lower
limb paralysis.

Iliac Occlusion

Iliac occlusion also causes unilateral ischaemic symptoms along with
unilateral neurological deficit. Again, the presentation may mimic an acute
neurological event and the assessment of extremity pulses is paramount in
making the clinical differentiation early. Unilateral limb ischaemia may also
be caused by acute Stanford type B aortic dissection leading to thrombosis of
one aortic lumen while continuing to perfuse the contralateral limb.

Femoro-popliteal Occlusion

The commonest anatomical form of ALI is occlusion of the common femoral
artery bifurcation causing secondary thrombosis of the superficial femoral
artery. In the event of concomitant profunda femoris artery thrombosis,
the symptoms are more pronounced, and the degree of ischemia is more
profound compared to instances where the profunda femoris remains patent.
On clinical assessment, the common femoral pulse at the groin may still be
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Figure 4) Acute thrombotic occlusion of the infrarenal aorta causing complete
cessation of distal flow to both limbs

palpable proximal to the occluding embolus or thrombus, often giving an
exaggerated prominent pulse due to the ‘water hammer effect’.

Popliteal and Infra-popliteal Occlusion

Isolated popliteal and infra-popliteal occlusion is less common compared
to femoral occlusion. It generally occurs due to small caliber emboli that
pass through the superficial femoral artery to get lodged at the popliteal
trifurcation. It can also occur due to thrombosis of the popliteal artery in the
background of popliteal aneurysm, popliteal entrapment syndrome or cystic
adventitial disease of the popliteal artery. As described by Robinson et al.,
popliteal aneurysm thrombosis causing ALI is one of the most challenging
clinical presentations with an extremely high incidence of limb loss (16).
These patients will have unilateral symptoms limited to the foot and calf
region with a normal palpable femoral pulse. Furthermore, in thrombosed
popliteal aneurysm, a palpable firm mass may be palpable behind the knee.

Upper Limb ALI

Upper limb ALI is much less common compared to the lower limbs
and accounts for approximately 10-15% of all cases of ALI (14,22). The
pathophysiology is similar to the lower limbs and is most commonly embolic,
thrombotic or traumatic. The clinical presentation may be less dramatic
compared to the lower limbs owing to the natural collateral circulation
around the scapular and cubital region. Apart from the cardiac source of
emboli discussed above, possible subclavian aneurysm with thrombosis or
embolism should be included in the clinical assessment (Figure 5). The
ischaemic symptoms are less pronounced where the occlusion occurs in
the subclavian or axillary regions, whereas occlusion of the brachial artery
bifurcation at the cubital fossa can produce dramatic ischaemic symptoms
similar to popliteal occlusion in the lower limbs.

DEFINITIVE DIAGNOSTIC IMAGING

The diagnosis of ALI depends largely on a high degree of clinical suspicion
supported by timely assessment of limb perfusion. Once a clinical diagnosis
is made, further imaging is required to confirm the level of ischaemia as well
as plan the necessary intervention. Further ancillary investigations may be
required to assess the general condition of the patient, fitness for definitive
intervention as well as to identify possible aetiological sources especially in
embolic ALI. Depending on the degree of ischemia as classified above, the
timing of these investigations need to be planned without causing undue
delay in restoring perfusion.

An arterial duplex scan is a readily available non-invasive imaging modality
to confirm clinical findings of ALL. Furthermore, it can be used to assess the

Figure 5) Complete occlusion of the right subclavian artery

degree of distal thrombosis beyond the level of occlusion, thereby defining
the patency of outflow vessels before surgical intervention (23). However,
visualizing the proximal iliac and aortic occlusions may be difficult due to
technical limitations of duplex imaging.

Although relevant from historical perspective, conventional angiography has
only a limited place in the current diagnostic protocols of ALIL. However,
with the advent of mobile C-arm facilities, real-time fluoroscopy and hybrid
operating theatre facilities, the on-table angiography plays a key role in
definitive diagnostic imaging. Furthermore, it can also be used to guide
therapeutic measures such as catheter directed thrombolysis and also to
achieve completion angiogram images in establishing the success of such
interventions.

Computerized Tomographic angiography (CTA) and magnetic resonance
angiography (MRA) are currently the most frequently used diagnostic
modalities in the assessment of class I, and Ila type ALL It allows the use of
minimal contrast medium through peripheral venous cannulation to achieve
a vertical reconstruction of the anatomical arterial tree (24,25). Nevertheless,
the associated time involved in arranging CTA remains the chief limiting
factor in ALI and should not be pursued in class IIb type of ALIL

ECHOCARDIOGRAPHY

Echocardiography is a vital component of the investigation process in patients
with ALL It not only allows for an assessment of their background cardiac
status to withstand therapeutic interventions, but also helps in determining
potential cardiac sources of emboli. Trans-oesophageal rather than trans-
thoracic echocardiography may be more sensitive detecting the possible cardiac
pathology, although this may need to be delayed until after the revascularization
has been performed (26). Conditions such as mural thrombi, vegetations and
myxomas can be detected on echocardiography although over 60% of patients
with embolic ALI do not show any cardiac pathology on echocardiography (27).
This relatively low sensitivity of detecting cardiac pathology has prompted some
clinicians to question the place of routine echocardiography in ALI. Given that
it does not alter the management of these patients who are likely to be anti-
coagulated for life regardless of cardiac findings, the place of invasive cardiac
imaging remains debatable (26).

INITIAL MANAGEMENT

Having established the diagnosis of ALI, initial management aims at
minimizing the ongoing ischaemic tissue damage and stabilizing the patient
in preparation for definitive management.

Initial management involves assessing the basic biochemical status of the
patient prior to therapeutic interventions. A complete blood count, serum
creatinine, serum electrolytes and coagulation profile would be mandatory
in the initial phase prior to angiographic imaging and operative intervention.
Furthermore, blood grouping and crossmatch may be required if planning
surgical revascularization.

ANTICOAGULATION

Immediate anticoagulation is the starting point of treating ALL. It minimizes
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the on-going tissue ischaemia by thrombus propagation both proximally
and distally. Once the clinical diagnosis is made, intravenous heparin is
recommended at a bolus of 60-70 units/kg, supplemented by an infusion at
12-15 units/kg/hour (28). Although the newer low molecular weight heparin
derivatives can also be used, the ability for immediate reversal if needed with
protamine sulfate and ability to titrate according to degree of thrombosis
makes unfractionated heparin the drug of choice in the initial management.

ANCILLARY MEASURES PENDING DEFINITIVE
REVASCULARIZATION

Symptomatic management of the pain often requires strong opioid analgesics.
However, intramuscular or subcutaneous opiate injections are contra-
indicated if therapeutic thrombolysis is likely to be considered. Alternatively,
opiates should be given intravenously or with a patient controlled analgesia
set up in addition to non-steroidal anti-inflammatory analgesics given orally
or as suppositories.

The use of oxygen by facemask has been shown to improve capillary level
perfusion amidst the ongoing ischaemia (29). Hydration of the patients
with intravenous crystalloids may be useful as majority of such patients are
dehydrated due to the lack of oral intake owing to the intensity of symptoms.
Furthermore, intravenous hydration also allows for the renal perfusion to
be maintained thereby minimizing any potential effect of contrast on the
kidneys at the time of angiographic imaging or radiographic intervention.
Insertion of a urine catheter allows for easy monitoring of urine output and
prevents the need to mobilize the patient for bladder emptying.

CONCLUSION

Non-traumatic ALl remains a common medical emergency where timely
diagnosis and assessment is essential to avoid adverse patient outcomes.
Amidst a combination of ischaemic, neurological and general symptoms,
accurate and timely diagnosis depends on the presence of a high degree of
clinical suspicion. Complete vascular clinical assessment can be completed
in the bedside and remains the cornerstone of diagnosing ALIL. Once the
diagnosis is made, accurate classification depending on clinical assessment
and bed-side Doppler assessment will allow categorization and institution of
immediate treatment to maximize limb salvage.
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