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Peripheral arterial disease (PAD) is defined as

atherosclerosis that leads to arterial stenosis or

occlusion of the major vessels supplying the

extremities. PAD includes intermittent claudica-

tion (IC), critical limb ischaemia (CLI), and

acute limb ischaemia (ALI). It is a progressive

disease and many patients will require either

endovascular intervention or peripheral vascular

revascularization (PVR) surgery. The prevalence

of PAD is estimated to be 10% worldwide and

increasing up to 20% in those aged over 70 yr.

The long-term survival of all patients with PAD

is poor (Figs 1 and 2), for example, 5 yr survival

for patients with CLI is 50–60% and the 1 yr

all-cause perioperative mortality rate is as high

as 17%. With 500–1000 new cases of CLI being

diagnosed per million population every year in

the UK, the estimated cost to the NHS is more

than £200 million per annum.2 This represents a

significant economic burden on NHS resources.

ALI and CLI, unless treated promptly, can lead

to limb loss or loss of life. PVR remains the

mainstay of treatment if patients are fit enough

and those with irreversible limb ischaemia

should be treated with primary amputation or

palliation. This article will focus mainly on CLI

and its perioperative management.

Critical limb ischaemia

Up to 15% of patients with asymptomatic PAD

will develop symptoms of IC or CLI, and a

further 1–3% of these patients will require

major limb amputation within a 5 yr period.1 IC

is described as an aching muscle pain brought on

by exercise and often relieved by rest. The

underlying cause is a reduction in tissue oxygen

delivery because of decreased blood flow and an

increase in tissue oxygen demand during exer-

cise. PAD most commonly affects the superficial

femoral artery giving rise to calf claudication

pain. Occlusion of the aorto-iliac, common

femoral, and tibioperoneal vessels gives rise to

pain in the buttock, thigh, or foot, respectively.

Symptoms are often insidious, developing over

months to years with a gradual reduction in pain-

free walking distance. Ischaemic rest pain and

tissue loss (ulcers or gangrene) are key signs of

CLI and intervention should be considered when

conservative measures have failed and when

symptoms have become debilitating and lifestyle

restricting.1 Duplex ultrasound scan is often the

initial imaging modality used for the diagnosis

of CLI as it is non-invasive. Computer tomog-

raphy angiography and magnetic resonance

angiography provide highly accurate images for

the assessment of arterial disease and are used to

determine whether arterial anatomy is favour-

able for endovascular intervention or PVR.

The surgical goals are to relieve ischaemic

rest pain, heal ischaemic ulcers, prevent limb

loss, improve quality of life, and prolong sur-

vival. The type of surgical intervention will

depend on the associated risks based on the se-

verity of pre-existing patient comorbidities and

the expected durability of surgical reconstruc-

tion. PVR is the mainstay of treatment for

patients in whom the arterial anatomy is not suit-

able for endovascular intervention, although

endovascular intervention may still be beneficial

for patients considered too high risk for surgery.

The Bypass versus Angioplasty in Severe

Ischemia of the Leg (BASIL) trial showed no

difference between the groups for amputation-

free survival, all-cause mortality, or quality of

life at 2 yr.3 However, there was an outcome

benefit for PVR over angioplasty for patients

surviving beyond 2 yr. Hospitals performing

high numbers of endovascular interventions also

perform significantly fewer amputations and

have better patient outcomes including reduced

mortality. Focal stenotic lesions can be success-

fully treated endovascularly with primary angio-

plasty or stent placement with the best results

seen with iliac artery angioplasties. The 5 yr

patency is 79% after iliac artery angioplasty

compared with 55% after femoral artery an-

gioplasty.1 Endarterectomy and bypass grafting

are the two commonly used PVR techniques.

Endarterectomy is generally performed for
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proximal arterial disease and bypass grafting is more suitable for

distal or diffuse arterial disease. Autologous vein is preferable for

bypass grafting as it has a higher 5 yr primary patency rate compared

with prosthetic grafts.1 Primary amputation should be offered to

patients when endovascular intervention or PVR is unlikely to be

successful or the patient has significant comorbidities that will

prevent them from using the salvaged limb.

Risk factors for PAD

The American College of Cardiology and the American Heart

Association (ACC/AHA) 2007 guidelines on perioperative manage-

ment classify PVR as high-risk surgery with a combined cardiac

death and non-fatal myocardial infarction (MI) of .5%.4 Many of

the patients are elderly, but it is not uncommon to see patients in

their fifth decade of life presenting for PVR. Males are more likely

to develop PAD compared with females with a male to female ratio

of 2:1. Smoking is directly related to the development of PAD with

the amount and duration of tobacco use being directly correlated to

the progression of PAD.1 Symptomatic PAD presents �10 yr earlier

in smokers than in non-smokers, thus making smoking a significant

modifiable risk factor.

There is a much higher prevalence of coronary artery disease

(CAD) with up to 60% of vascular surgery patients having severe

CAD. Patients with symptomatic PAD have a four- to seven-fold

increase from all-cause mortality and a 15-fold increase in

cardiovascular-related mortality compared with those without PAD

at 10 yr.5 There is also a higher incidence of renal disease, cerebral

vascular disease, and diabetes in vascular patients. Smoking and re-

spiratory disease are common, with the incidence of the latter being

between 10% and 50% in vascular patients. For patients with dia-

betes, the HbA1C level is strongly associated with the risk ofFig 1 Survival of patients with PAD. IC, intermittent claudication.
Reproduced from Ref. 1 with permission.

Fig 2 Fate of patients with IC over 5 yr. PAD, peripheral arterial disease; CLI, critical limb ischaemia; CV, cardiovascular; MI, myocardial infarction. Reproduced
from Ref. 1 with permission.
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developing PAD with a 1% increase in HbA1C being associated

with a 26% increase in the risk of PAD, and patients with a

HbA1C.7.5% are five times more likely to have a hospital admis-

sion for symptomatic PAD.6 Patients with diabetes and chronic

kidney disease (CKD) stage 5 undergoing distal PVR have a primary

patency rate of just 53% compared with 82% in those with diabetes

and without CKD stage 5.7

High levels of low-density lipoprotein (LDL) cholesterol and low

levels of high-density lipoprotein (HDL) cholesterol increase the

likelihood of developing PAD. Cardiac-related mortality is reduced

by �20% for every 1 mmol litre21 reduction in LDL cholesterol.8

Multiple large trials have demonstrated reductions in all-cause mor-

tality and cardiovascular events in patients on a statin, even when

cholesterol levels were not elevated. Although there is no direct evi-

dence that hypertension independently causes poor perioperative

outcomes, it is associated with an increase in the incidence of

strokes, PAD, IC and remains a major risk factor for cardiovascular

events. High homocysteine level is also an independent risk factor

for PAD with 30% of patients with PAD having an elevated homo-

cysteine level compared with just 1% of the general population.9

Preoperative assessment and risk
stratification

The increase in morbidity and mortality in patients undergoing PVR

can mainly be attributed to pre-existing CAD. Most patients with

symptomatic PAD have significantly impaired mobility due to clau-

dication pain, which limits their ability to perform daily activities

and so cardiorespiratory symptoms are often masked. Identifying

these patients who are at high risk of myocardial events is challen-

ging, but despite these limitations, a thorough clinical assessment is

prudent to try to elicit cardiorespiratory symptoms, functional cap-

acity, and modifiable risk factors. All patients must have a full blood

count, coagulation, urea, electrolytes, glucose, HbA1C if indicated,

CXR, and an ECG before operation. Echocardiogram, non-invasive

cardiac evaluation, and pulmonary function tests are requested based

on clinical findings and functional assessment. Functional capacity

is assessed subjectively based on the patient’s exercise tolerance and

can be expressed as metabolic equivalents (METS). Poor exercise

tolerance (,4 METS) is associated with an increase in perioperative

myocardial ischaemia and cardiac events. Patients with one or more

major cardiac risk factors as per the ACC/AHA 2007 (updated 2009)

guidelines should have their procedure deferred for more extensive

cardiac investigations and management unless the procedure is

emergent.4 Patients presenting for elective PVR with METS,4,

dyspnoea of unknown origin, poorly controlled cardiac failure, or

cardiac risk factors should be considered for non-invasive cardiac

evaluation if the results will change the proposed surgical procedure

or the perioperative anaesthetic management and anticipated risks.

Non-exercise stress testing is preferable for patients with PAD

and CLI for cardiac evaluation. Stress echocardiogram has a high

sensitivity for predicting cardiac ischaemia but has an overall low

positive predictive value for perioperative cardiac events. Its main

value is in its high negative predictive value ranging from 93% to

100% for MI and cardiac death. Cardiopulmonary exercise testing

and exercise ECG testing are of limited value in patients with symp-

tomatic PAD due to limitations in their mobility. Cardiac biomarkers

such as B-type natriuretic peptide (BNP) and N-terminal pro-BNP

(Nt-proBNP) have been shown to be independently predictive of left

ventricular failure, MI, and 30 day and longer-term cardiac mortal-

ity.10 – 13 However, the utility of these as predictive biomarkers is

highly dependent on renal function and there is also uncertainty

about the optimum BNP and Nt-proBNP plasma levels to use in the

perioperative setting for accurate risk prediction. BNP and Nt-BNP

have potential clinical utility for identifying cardiac risk and long-

term prognosis in patients undergoing PVR, but they are not current-

ly widely available.

The Lee’s Revised Cardiac Risk Index (RCRI) is an assessment

of cardiac risk in non-cardiac surgery patients and has been extensive-

ly validated and used in vascular surgical patients to predict cardiac

outcome. The RCRI consists of six cardiac risk factors and the pres-

ence of three or more risk factors is predictive of a minimum 11% risk

of major perioperative cardiac event. Its utility is best when used in

conjunction with the clinical and functional assessment, where it

provides incremental value in predicting adverse events.

Preoperative optimization

Preoperative assessment and optimization is a multidisciplinary

process involving the patient, surgeon, anaesthetist, general practi-

tioner, cardiologist, diabetes physician, respiratory physician,

physiotherapist, and a host of other specialities. Patients often have

multiple comorbidities and they should be medically optimized to

reduce the perioperative and long-term risks, but this must be

balanced against the impending danger of CLI. Surgery should only

be deferred if concurrent comorbidities can be corrected or stabi-

lized. Four to 6 weeks are thought to be an appropriate time period

to allow for effective optimization and risk modification, but it

should not delay surgery for life or limb-threatening ischaemia.

Smoking cessation advice and nicotine replacement therapy

should be offered to all patients with the minimum effective period

being between 4 and 6 weeks. All cardiac medication and anti-

hypertensive medication should be continued throughout the peri-

operative period. The evidence regarding commencement of acute

perioperative b-block is controversial and the PeriOperative

Ischemia Study Evaluation (POISE) trial has raised some concerns

about its safety.14 Although the POISE trial did show a reduction in

cardiac ischaemia and MI with b-block, there was an increase in

strokes and all-cause mortality when compared with the control

group. b-Blockers are currently indicated in patients already on

long-term therapy and they should be maintained on their b-blockers

throughout the perioperative period as acute withdrawal is associated

with a significant increase in cardiac risk. For patients who are at

high risk of cardiac ischaemia or infarction, b-blockers are indicated

for their long-term benefits, irrespective of surgery, and should be

initiated in advance of elective surgery.15 There is no role for acute
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b-block perioperatively based on current evidence. Routine pre-

operative percutaneous coronary intervention (PCI) is of little value

in preventing perioperative cardiac ischaemia or MI in patients

undergoing PVR except when PCI is independently indicated for

CAD irrespective of surgery.4

All patients with PAD should be on anti-platelet drugs and clopi-

dogrel has been shown to be more effective than aspirin. In the

Clopidogrel versus Aspirin in Patients at Risk of Ischaemic Events

(CAPRIE) study, clopidogrel was shown to be superior to aspirin

with a 23.8% relative risk reduction for cardiovascular primary end-

points in patients with PAD.16 Discontinuation of clopidogrel and

the newer anti-platelet agents (e.g. ticagrelor, prasugrel) periopera-

tively should be decided on an individual patient basis taking into

account the indication for the drug and the risks and benefits of

acute cessation. Aspirin is considered safe to be continued through-

out the perioperative period. Warfarin should be stopped before

surgery with a target international normalized ratio of ,1.5 for neu-

roaxial anaesthesia and ,2.0 for general anaesthesia considered to

be safe. Treatment of hypertension is indicated to aim for arterial

pressure ,140/90 in patients with PAD and ,130/80 in patients

with PAD and diabetes (Table 1) to reduce the risk of cardiovascular

events. Angiotensin-converting enzyme inhibitors have been shown

to significantly reduce the risk of fatal and non-fatal ischaemic

events in patients with PAD even if they are normotensive and

asymptomatic. Statins should be commenced for all patients with

established PAD and continued after operation. The Collaborative

AtoRvastatin Diabetes Study (CARDS) showed a 37% risk reduc-

tion of cardiovascular events in patients on atorvastatin.17

Diabetic control must be optimized before surgery (Table 1) with a

blood glucose target range of between 6 and 10 mmol litre21. Patients

with a blood glucose concentration .12 mmol litre21 will require a

variable rate insulin infusion which should be guided by local and na-

tional guidelines. Patients with an HbA1C .8.5% should be consid-

ered for referral to a diabetes specialist before elective surgery.6

Anaemia is a risk factor for increased morbidity and mortality

after major surgery, although there is little evidence in the vascular sur-

gical population. Current opinion recommends maintaining a haemo-

globin level of .12 g dl21 for females and .13 g dl21 for males

before surgery.18 19 Vascular surgical patients with a BMI ,18.5

(underweight) and BMI .35 (obese II) are at greater risk of wound

infections, thromboembolic disease, and renal complications with risk

factors for diabetes and hypertension increasing with BMI.20

Anaesthetic technique

Both general anaesthesia and regional anaesthesia have been used

successfully for PVR. There is currently insufficient evidence to

favour one technique over the other, as there are no clinically signifi-

cant differences in long-term survival with either technique.21

Regional anaesthesia has the advantage of reducing respiratory mor-

bidity and postoperative cognitive dysfunction (POCD) while pro-

viding good quality postoperative analgesia. However, regional

anaesthesia may be unsuitable for patients who are unable to lie flat

due to cardiac, respiratory, or musculoskeletal problems and for pro-

longed procedures. Regional anaesthesia is also contraindicated in

patients who are coagulopathic and the risks vs benefits of regional

anaesthesia must be carefully considered for patients on dual anti-

platelet therapy. Regional anaesthesia for PVR is achieved with

either spinal anaesthesia or a combined spinal–epidural (CSE) tech-

nique. CSE techniques are useful for prolonged procedures and

when epidural analgesia will be beneficial in the postoperative

period. Intrathecal opioids will extend the duration of analgesia after

operation but must be used cautiously to avoid delayed respiratory

depression.

General anaesthesia provides a theoretical benefit in high-risk

patients, albeit from animal studies and small human trials, of volatile

and opioid preconditioning which provides myocardial protection

against ischaemic injury, but it remains to be seen if this translates to

long-term survival benefit. Patients having their procedure under

general anaesthesia should have their trachea intubated and their

ventilation controlled with positive pressure ventilation. Maintenance

of anaesthesia may be with either volatile agents or total i.v. anaesthe-

sia using target-controlled infusion (TCI) of propofol or remifentanil.

TCI of remifentanil provides good quality intraoperative analgesia,

minimizes tachycardia, and maintains haemodynamic stability by

minimizing the sympathetic response to laryngoscopy at induction and

during surgery. Fluids and a vasopressor infusion intraoperatively

further contribute to maintaining haemodynamic stability. The authors’

preference is general anaesthesia using desflurane and remifentanil

TCI for maintenance of anaesthesia with a metaraminol infusion to

maintain cardiovascular stability.

Good quality analgesia is vital for patient comfort and to minimize

the sympathetic stress response to surgery which causes tachycardia,

hypertension, and vasoconstriction, all of which are detrimental to the

patient and to graft patency. Many of the patients presenting for PVR

will have chronic neuropathic pain and perioperative pain manage-

ment can be challenging. As general guidance, all regular pain medi-

cation should be continued up to and throughout the perioperative

period. Regional anaesthesia or i.v. morphine with local anaesthesia

is usually sufficient to achieve good pain control perioperatively.

Non-steroidal anti-inflammatory drugs should be used with extreme

caution because of their nephrotoxicity and the potential for exacer-

bating cardiac risks.

Table 1 Treatment goals for modifiable risk factors in patients with diabetes and

peripheral vascular disease. Adapted from the American Diabetes Association (ADA)

and European Association for the Study of Diabetes guidelines (EASD)6

Risk factor Target

Glycaemic

control

HbA1C,7% (ADA) or ,6.5% (EASD) in patients without

cardiovascular disease

HbA1C 7–7.5% in patients with cardiovascular disease or life

expectancy ,10 yr

LDL-cholesterol ,1.8 mmol litre21

Smoking Complete nicotine cessation

Arterial pressure ,130/80 mm Hg

Anti-platelets Aspirin or clopidogrel
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Irrespective of anaesthetic technique, good postoperative outcome

is more likely to be influenced by the meticulous management of

oxygenation, haemodynamic stability, fluids, temperature, and anal-

gesia to minimize perioperative complications. Tachycardia should be

avoided perioperatively as it increases myocardial oxygen demand

while decreasing myocardial perfusion, which can result in myocar-

dial ischaemia and infarction. Large variations in arterial pressure,

even for short durations, can be equally detrimental by increasing the

risk of myocardial ischaemia, strokes, renal dysfunction, POCD, and

surgical bleeding.22 A sensible aim is to maintain arterial pressure

within 20% of the patient’s normal values.

Maintenance of normovolaemia and oxygen-carrying capacity is

essential to maintain end-organ perfusion and adequate blood flow

through the graft. Heparin 3000–5000 IU is administered i.v. just

before the clamping of arteries for graft placement. Reperfusion of an

ischaemic limb after a prolonged period of clamping may cause tran-

sient myocardial depression and hypotension. Such episodes can be

treated with fluid boluses and an a- and b-agonist such as ephedrine.

Large blood losses should be anticipated for prolonged and complex

procedures and it is quite often insidious. Autologous transfusion with

the use of cell salvage in prolonged and complex cases avoids allo-

geneic blood transfusion and its associated risks. Hypothermia causes

vasoconstriction and an increase in oxygen requirements secondary to

shivering and hence maintaining normothermia is crucial to good

patient outcomes. The use of patient-warming devices such as forced

air-warming blankets and the warming of fluids is mandatory.

Antibiotic prophylaxis is indicated as per local guidelines to reduce

graft and surgical site infections.

Minimum monitoring includes five-lead ECG, arterial pressure

monitoring, pulse oximetry, gas analysis, capnography, and tem-

perature monitoring. Invasive arterial pressure monitoring is indi-

cated for high-risk patients and for prolonged procedures. Cardiac

output monitoring can be useful to guide fluid management and

monitor left ventricular function in patients at higher risk of peri-

operative cardiac complications. Central venous catheters are rarely

needed unless inotropic drugs are required. All patients should also

have a urinary catheter inserted to monitor urine output.

Postoperative care

The vast majority of patients undergoing PVR can be managed in a

vascular ward with the appropriate level of monitoring and nursing

care. Patients at increased risk of cardiorespiratory complications

should be managed in a critical care environment to allow for early rec-

ognition and treatment of postoperative complications. MI is the most

common cause of death after vascular surgery and an isolated troponin

leak is strongly associated with an increase in 30 day mortality.23

Respiratory complications are also a significant cause of morbidity

and are associated with elderly patients, smoking, and chronic lung

disease. Good quality pain control, normothermia, oxygen therapy,

and treatment of tachycardia and haemodynamic instability reduce

the risk of postoperative complications. Postoperative analgesia is

provided by using regular simple analgesics and i.v. or oral opioids.

Patients with more complex pain will need multimodal analgesia

techniques including high doses of opioids, neuropathic drugs (e.g.

gabapentin, amitriptyline), and input from the acute pain team. All

patients must have their routine cardiac medications continued after

operation. Oxygen therapy is indicated for 24 h after operation and

up to 72–96 h for higher risk patients. Patients undergoing PVR are

often hypercoagulable and are at an increased risk of developing

graft occlusion and venous thromboembolic disease and should

receive anti-thrombotic measures.

Conclusions

Patients with PAD and CLI are a high-risk group with significant co-

morbidities and poor long-term outcomes, which have not improved

in recent years. Primary cardiac risk prevention, smoking cessation,

reducing the epidemic levels of diabetes, and identifying and opti-

mizing perioperative risk factors are key to the long-term survival in

these patients; however, this must be balanced against the urgency

of surgical intervention.
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