CHAPTER 16: ISCHEMIC LOWER LIMB
GENERAL CONSIDERATIONS
Overview 

· Atherosclerosis is a disease process that involves both large and small arteries. Arterial lesions tend to occur at certain locations, such as the proximal internal carotid artery, the infrarenal aorta, and the superficial femoral artery. 
· Collateral circulation develops when occlusive disease occurs over a period of time. The ability to develop collateral circulation can keep even the total occlusion of a major artery from becoming symptomatic, at least at rest. For example, the internal iliac, cross pelvic, and lumbar arteries, as well as the internal mam​mary artery via the superior and inferior epigastric arteries, can form a collateral bed to help supply the leg with aortic and iliac disease. 

· Risk factors for peripheral vascular disease are essentially the same as those for coro​nary artery disease: smoking, diabetes mellitus, hypertension, lipid abnormalities, and a strong family history. 

· Preoperative cardiac stress testing is frequently performed in an effort to assess risk and decrease perioperative complications. 
Clinical presentation

· A thorough history and physical examination can confirm the diag​nosis of peripheral vascular disease and can suggest the anatomic location of specific occlusive lesions.
Claudication

· Claudication is one of the most characteristic symptoms of peripheral vascular disease. Patients complain of profound fatigue, aching, or crampy pain in the extremity, usually the leg. The two key features of claudication are its consistent reproducible occurrence at a constant distance, and its prompt relief by rest (within minutes). It is always caused by exertion, never by standing or sitting for prolonged periods. 
· Symptoms appear distal to the site of vascular occlusion (see Scheme 16-1): in iliac occlusion, the discomfort is in the thigh or buttock; in superficial femoral artery occlusion, the symptoms are found in the calf.

· Pulses are usually absent or diminished distal to the lesion. Pulses that are palpable at rest may disappear after exercise.
· At rest, the patient has no discomfort, indicating that limb-threatening ischemia is not present. 
Scheme 16-1. Site of arterial occlusion and corresponding site of associated limb ischemia
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From: Basic surgery/ed., H.C. Polk, Jr., et al. – 5th ed.
Medical treatment
· Most claudication can be managed without surgery. In most patients, a routine exercise program and cessation of smoking will result in a noticeable improvement in walking distance. Control of other atherosclerosis risk factors also should be attempted.
· Pentoxifylline is currently the only agent approved for the treatment of intermittent claudication. It reduces whole blood viscosity by decreasing plasma fibrinogen and platelet aggregation. 
· Anticoagulants (such as aspirine) are also effective.

Prognosis

· Claudication is an indication that systemic vascular disease is present. 
· The prognosis of the affected limb is relatively good, with only 10% of patients progressing to severe ischemia or limb loss in 10 years.
· The long-term survival of these patients is more guarded, being 73% at 5 years and 38% at 10 years. 
· The most common cause of death is atherosclerotic heart disease.
Ischemic rest pain

· Ischemic rest pain results from severe compromise of arterial flow. 
· Patients describe intense pain, burning, or tingling, usually across the dis​tal foot and arch, which is exacerbated by elevating the foot (e.g., while trying to sleep in bed). It may be relieved by keeping the foot in a dependent position or by walking slowly.
· Serious consideration should be given to revascularization in these patients because the disability and discomfort are severe and the degree of ischemia is critical.

Gangrene

· Gangrene (tissue necrosis) occurs when blood flow is inadequate to maintain tissue via​bility. Ischemic ulcers  usually occur at the distal calf, or at the toes (see Fig. 16-1).

· Gangrene may result from chronic progressive arterial disease or may result from embolization of cholesterol or an organized thrombus from a proximal source.

· Occasionally, gangrene of the toes may occur without significant proximal arter​ial disease. This form represents occlusion of small blood vessels owing to intrin​sic obliterative disease and is seen most commonly in patients with diabetes and end-stage renal disease.

· Treatment is local debridement or amputation or nonviable tissue and revasculariza​tion or removal of the source of emboli to protect the remaining tissue at risk.
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Fig. 16-1. Ischemic ulcer (A) and gangrene of a toe (B)

Diagnosis
Duplex scanning

· The basic non-invasive test is duplex scanning of arteries. 
· It could show the speed and direction of the blood flow, thus confirming the diagnosis and demonstrating the site of occlusion (see Fig. 19-1).
Arteriography

· Arteriography (see Fig. 16-4) is the current standard invasive method for evaluating vascular diseases. Contrast material is injected into the artery of interest, usually by way of a femoral artery puncture, and sequential x-ray exposures are made. As the contrast material moves distally, the filling of the arteries is recorded during the filming sequence.

· Advantage is that arteriography provides large films that clearly reveal the area under investigation. Unfortunately, this procedure is associated with several serious complications.

· Acute renal failure can result from the nephrotoxicity of the dye, and acute dehydration can result from the brisk diuresis induced by the hyperosmotic contrast dye. Both complications can be minimized by adequate pre- and postangiographic hydration and by limits on the total amount of dye injected. 
· An additional complication can be an allergic reaction to the dye.

· Acute arterial occlusion occasionally follows angiography. Ischemia is most apt to be related to technical problems, including simple thrombosis of the artery at the site of needle insertion, distal embolization into the lower leg from a thrombus forming on the angiogram catheter or from a dislodged plaque, or subintimal dissection of an atherosclerotic plaque during catheter manipulation. Clinical symptoms of acute arterial occlusion following angiography include absent pulses, especially those present prior to the examination; severe and constant pain, numbness, or paresthesia in the extremity examined; and pallor of the skin and coolness to touch in the involved extremity. Treatment of acute arterial occlusion during angiography depends on the underlying cause and should be initiated promptly. If flow is re​established within 2-6 hours, the results are excellent. For example, acute thrombosis can be treated with lytic therapy, using urokinase or streptokinase. Intimal dissection that causes thrombosis requires thrombectomy and direct arterial repair or bypass. Embolization of an athero​sclerotic plaque may require operative embolectomy. Although arterial vasospasm can explain this acute ischemic episode, it occurs in less than 3% of cases.

· Pseudoaneurysms may develop following removal of the angiographic catheter. This complication usually results from an inability to apply adequate pressure at the arterial puncture site and is more likely to occur in patients with high blood pressure. Pseudoaneurysms present as swelling following removal of the catheter. An ultrasound of the area should be obtained to distinguish a pseudoaneurysm from a simple hematoma. If pulsatile flow is seen outside the lumen of the artery, a pseudoaneurysm is present. Pseudoaneurysm should be repaired promptly in the operating room.

Brachial artery catheterization

· This study is performed frequently for cardiac catheterization or for angiography when the lower extremity vessels are unsuitable.

· Thrombosis of the brachial artery does not usually result in acute hand ischemia but it can cause hand claudication. Surgical repair is indicated.

Axillary artery catheterization

· This study is performed occasionally when the femoral vessels are not adequate for angiography.

· A periarterial hematoma may follow this study and compress the brachial plexus causing arm disability if it is not promptly decompressed. This complication is considered a surgical emergency.

Magnetic resonance angiography

· Magnetic resonance angiography is rapidly becoming a more accurate and common method of assessing the arterial circulation (see Fig. 16-2). 
· Although holding great promise for the future, most magnets and software packages do not currently produce information that is reliable enough to replace the information provided by conventional arteriography.
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Fig. 16-2. Magnetic resonance angiography of aorta
Nonoperative procedures to improve arterial flow

Percutaneous transluminal angioplasty (PTA)

· An inflatable balloon attached to an angiographic catheter is fluoroscopically guided to the stenotic area (see Fig. 15-10). The balloon is then inflated to 4-8 atm to fracture the plaque.

· A clinically significant embolism or thrombosis may follow this procedure in approx​imately 3% of cases.

· Patency varies with anatomic location of the stenosis and with the character of the disease. Focal, isolated areas of stenosis tend to show more durable results than dif​fusely diseased arteries. More proximal arteries, especially common iliac arteries, with a focal stenosis have the best results. Arteries with lower flow rates, such as the superficial femoral artery, and more distal arteries, tend not to have as high a patency rate.

Stents

· Stents are expandable metal mesh tubes that are inserted over a balloon catheter. The balloon is inflated to expand the stent, then deflated and withdrawn (see Fig. 15-11). 
· The expanded stent is thought to help prevent the elastic artery from restenosing, and “tacking down”, the intimal flaps keeps the artery from dissecting.

Lasers and atherectomy catheters

· Lasers can be used to open occluded arteries so that a balloon angioplasty catheter can be inserted. They have not been shown to increase patency rates above those of PTA alone. 
· The advent of newer guide wires has enabled short segment occlusions to be passed without the added cost of laser-equipped devices.

· Atherectomy catheters actually remove atherosclerotic plaque from the arterial wall either by cutting and extracting small slivers via the catheter/introducer system (e.g., Simpson atherectomy device) or by using a rapidly rotating tip that disintegrates the plaque (see Fig. 16-4) (e.g., Auth rotoblater).
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Fig. 16-3. Scheme of percutaneous atherectomy
Pitfalls in percutaneous interventional techniques

· Intimal hyperplasia leading to restenosis at the site of intervention is the pitfall with all of these methods. Balloon angioplasty, the simplest and least expensive proce​dure, has proven to be the most durable, with the possible exception of angioplasty in combination with stents at the common iliac artery level.

· Thrombosis, as well as early intimal hyperplasia, has proven to be a concern, espe​cially with lower flow vessels (e.g., infrainguinal). This pitfall may be managed by anticoagulation with heparin and warfarin, although there may be a higher compli​cation rate from bleeding.

DIABETIC FOOT

Infection and gangrene

· Infection and gangrene are common problems among diabetic patients. Although diabetic patients constitute only 5% of the general population, they undergo approximately 75% of all distal arterial revascularization procedures and approximately 50% of all amputations performed in the United States.

· Peripheral neuropathy leading to decreased sensation and proprioception is a common and early complication of diabetes. This change leads to minor trauma being unrecog​nized, and therefore untreated. Impaired immunity also increases the risk of infection in diabetics. Painless ulcers can form over the weight-bearing areas of the foot (see Fig. 16-1, B). 
· Traumatized areas and painless ulcers frequently become infected. Mixed-flora infections are most common, including anaerobic bacteria, which necessitate broad-spectrum antibiotics tor treatment. These infections may occur as: cellulitis of the dorsum of the foot, deep plantar space infection, osteomyelitis of the metatarsal or phalangeal bones.
· These infections must be treated early and aggressively. If necrotic tissue is present or a plantar abscess is suspected, urgent operative debridement is necessary, as are broad-spectrum antibiotics. An adequate arterial blood supply to the affected foot and toes must be assured for healing to occur.

· Meticulous foot care and properly fitting shoes are of critical importance for diabetic patients.

Arterial occlusive disease

· Arterial occlusive disease occurs in a different distribution in the diabetic patient.

· Diabetics tend to have more diffuse, more distal (infrapopliteal) disease than do patients without diabetes. When contemplating revascularization in diabetic patients, arteriogram must include distal tibial and pedal arteries to completely assess interventional option. 
AORTOILIAC OCCLUSIVE DISEASE

Overview

· Aortoiliac occlusive disease is usually caused by atherosclerosis.

· Other less common entities that can occlude the aorta include Takayasu's arteritis and aortic coarctation.

Clinical characteristic
· Patients may be asymptomatic or may present with buttock or thigh claudication.

· LeRiche syndrome consists of diminished femoral pulses, buttock and thigh claudication, and impotence (due to different variants of occlusion of iliac arteries).

· Angiography is helpful for anatomical diagnosis (see Fig. 16-4).

· Severe ischemia, leading to gangrene or limb loss, is rare with isolated aortoiliaс disease.
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Fig. 16-4. Arteriographic pictures of atherosclerotic occlusion of bifurcation of aorta (A), right common iliac artery (B), and right external iliac artery (C) 
Surgical treatment

Indications for surgery

· Indications for surgery for aortoiliac occlusive diseases include:

· Severe claudication or rest pain.

· Tissue loss.

· Peripheral arterial emboli (caused by occlusion of distal vessels in the skin or digits the lower extremity by small plaques or platelet-fibrin clots, while the patient presents with a painful cyanotic digit (''blue toe" syndrome) or multiple small skin infarctions).

· Impotence in men (when other organic or psychogenic causes have been ruled out and when a hemodynamically significant vascular lesion is present). 
Endarterectomy

· Endarterectomy consists of opening the artery and removing the portion of the intima and media containing the plaque (see Fig. ). 
· Currently, this technique is used only for short lesions of the distal aorta or common iliac arteries.
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Fig. 16-5. Scheme of open endarterectomy
Aortobifemoral bypass

· Aortobifemoral bypass is the most commonly performed procedure (see Fig. 16-6). 
· Grafts are either woven or knitted dacron, or expanded polytetrafluoroethylene (ePTFE). 
· The distal anastomosis is usually performed on the common femoral artery; this procedure will bypass any infrarenal aortic, iliac, and common femoral disease. 
· The proximal anastomosis is usually done in the infrarenal aorta. 
· Operative mortality is 1%-5%. The major cause of death is myocardial infarction.
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Fig. 16-6. Scheme of aortobifemoral bypass
Femoral-femoral extra-anatomic bypass

· Femoral-femoral extra-anatomic bypass (see Fig. 16-7) may be used in patients with unilateral iliac disease if the re​maining iliac artery does not have significant obstructive disease. 
· In well-selected cases with minimal disease in the iliac artery providing inflow and good runoff in the symp​tomatic leg, this procedure provides acceptable results with 70% - 75% long-term patency rates.
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Fig. 16-7. Scheme of femoral-femoral extra-anatomic bypass

Axillobifemoral extra-anatomic bypass

· Axillobifemoral extra-anatomic bypass (see Fig. 16-8) is used for poor-risk patients who require revascularization but cannot tolerate direct aortofemoral bypass or when aortobifemoral bypass couldn’t be applied (technically difficult access to abdominal aorta, re-stenosis of aortobifemoral graft, ect.). 
· This procedure is associated with a low mortality rate, but the long-term patency (60% - 70%) is lower than for aortofemoral bypass. The grafts frequently require thrombectomy to achieve long-term patency. 
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Fig. 16-8. Scheme of axillobifemoral extra-anatomic bypass

LOWER EXTREMITY OCCLUSIVE DISEASE

Overview

· Lower extremity occlusive disease includes occlusive disease of the common femoral, superficial, deep femoral, popliteal, and tibial arteries.

· The most common cause of lower extremity disease is atherosclerosis, although other less common conditions can also cause occlusive disease.

· The superficial femoral artery is the artery most frequently involved. Disease usually occurs distally where the artery passes through the adductor hiatus. The most common symptom is claudication, which may not be severe if good collateral vessels are present.
· The profunda femoris artery supplies blood to the thigh and collateral flow to the popliteal artery. The origin or this vessel frequently is stenotic, but the distal vessel is usually spared by atherosclerosis.

· The popliteal artery may be diseased because of atherosclerosis, entrapment by the gastrocnemius or popliteus muscle, or cysts in the adventitia of the artery. The latter two conditions should be considered if a young patient presents with claudication.

· The tibial arteries may be diseased by atherosclerosis or embolization. Patients with diabetes frequently have disease of these vessels. Approximately 75% of femoral-tibial bypasses are in diabetic patients.

Clinical characteristic
· Patients with lower extremity arterial disease may be asymptomatic or may present with claudication (most common), rest pain, or tissue necrosis. If the arterial insufficiency is severe, tissue necrosis may produce non-healing ulcers.

· Other physical findings include loss of hair, nail changes, pallor on elevation, and dependent rubor.
· Angiography is used to determine the site of occlusion (see Fig. 16-9).
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Fig. 16-9. Arteriographic pictures of atherosclerotic occlusion of both common femoral arteries (A), popliteal artery (B), and tibial arteries (C) 

Surgical treatment

Indications tor surgery

· Indications for surgery include the following:

· Tissue necrosis of the leg or foot is an urgent reason to proceed with surgery.

· Rest pain.

· Claudication is a relative indication for intervention: if the symptoms interfere with a patient’s ability to work or if they interfere severely with the patient's lifestyle, surgery may be offered. 
Femoropopliteal bypass

· Femoropopliteal bypass, using autogenous saphenous vein, is the basic operation (see Fig. 16-10). 
· If a vein is not available or is not suitable for bypass, an artificial prosthetic graft may be used. Although early results with prosthetic grafts are acceptable, these grafts are not as curable as veins, and every reasonable attempt should be made to use autogenous material. 
· The 5-year patency of vein bypasses is 65% - 80%, and the limb salvage rate is 90%. 
· Mortality from the operation is primarily from myocardial infarction, and these patients should be evaluated for occult coronary artery disease.
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Fig. 16-10. Scheme of femoropopliteal bypass

Femorotibial bypass

· Femorotibial artery bypass is required in patients with occlusive disease in the popliteal and tibial vessels (see Fig. 16-11). 
· One technique uses a reversed saphenous vein. 
· The other technique leaves the saphenous vein in its bed but renders its valves incompetent (in situ technique). 
· Both of these techniques give acceptable results: at 5 years the patency rate is approximately 70%; limb salvage rates are approx​imately 80%. 
· If the greater saphenous vein is not usable, either lesser saphenous, cephalic, or brachial veins may be used. Patency rates are not usually as favorable (50% at 5 years) with these grafts. 
· PTFE, dacron, and human umbilical vein have been used for bypasses to tibial vessels. The patency rates of these are approximately 20% at 1 year and are generally used only if autogenous vein is not available, or if the patient is a very poor risk and will not tolerate a long operation.
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Fig. 16-11. Scheme of femorotibial bypass

Profundaplasty

· Profundaplasty (repair of the origin of the profunda femoris artery) as an isolated procedure may result in relief of rest pain and healing of ulcers if applied properly. 

· This procedure is used in poor-risk patients with occlusion of the superficial femoral arteries and severe stenosis of the origin of the profunda femoris artery. 
· It can often be carried out under local anesthesia.

Lumbar sympathectomy

· Lumbar sympathectomy is rarely useful in patients who have severe lower extremity arterial disease. It is an uncommon operation since the introduction of the femorotibial bypass.

· Good results may be obtained in patients with mild rest pain or small areas of superficial skin ulceration.

· This-procedure is rarely indicated in diabetics because many of these patients have an "autosympathectomy” as a result of their underlying disease. 
· The L2, L3, and L4 ganglion are removed via a retroperitoneal approach. 

· Lumbar sympathectomy is more frequently used for refractory cases of obliterating endarteritis, the disease affecting distal arteries (popliteal, tibial) due to edema and hyperplasia of vascular intima (see Fig. 16-12). Obliterating endarteritis commonly is a disease of young men who are poor smokers. 
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Fig. 16-12. Arteriographic picture of obliterating endarteritis
Amputation 
· If reconstruction cannot be accomplished or if a patient is not a rehabilitation candidate, amputation (see Fig. 16-13) may be not only lifesaving but also expeditious in promoting the total rehabilitation or the patient. Occasionally, the result is better than that of an extensive vascular procedure.

· Indications for amputation include: systemic sepsis, particularly when caused by gas-forming organisms; a patient who has no potential for ambulation even after successful revascullarization; unreconstructable vascular disease.
· The level of amputation should be below the knee if possible. This choice allows the greatest chance of rehabilitation. An absolute method for predicting amputation healing is not available. The healing failure rate is up to 20% for below-the-knee amputations.
· Operative mortality rate is about 13%, with 50% of deaths occurring secondary to cardiac problems and 25% secondarily to respiratory problems. The long-term mortality rate following amputation is 50% at 3 years and 70% at 5 years when the amputation is performed for vascular disease.
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Fig. 16-13. Technique of lower limb amputation 

Table 16-1. Operations for treatment of chronic lower extremity ischemia

	Site of disease
	Procedure options

	Aortic and/or bilateral iliac artery
	Aorto-bilateral-femoral bypass

Axillo-bilateral-femoral bypass

	Unilateral iliac artery stenosis
	Percutaneous transluminal angioplasty (РТА)

Iliac thromboendarterectomy 

Femorofemoral bypass 
Aortofemoral bypass

	Profunda femoris artery
	Thromboendarterectomy

	Superficial femoral or popliteal artery
	Femoropopliteal bypass with saphenous vein

Femorotibial bypass with saphenous vein


From: Basic surgery/ed., H.C. Polk, Jr., et al. – 5th ed.
ACUTE ARTERIAL INSUFFICIENCY OF THE LOWER EXTREMITY

Overview

· Acute arterial insufficiency of the lower extremity may occur because of embolization or thrombosis. 
· Severe, acute ischemia may be followed by limb loss from nerve and muscle damage within a few hours if rapid diagnosis and prompt treatment do not occur. 
Embolism
· The most common site of an arterial embolism is at a bifurcation, where the arterial lumen tends to narrow. The bifurcation of the common femoral artery into the superficial and deep femoral arteries is the most common site, followed by the iliac, popliteal, and mesenteric arteries (see Scheme 16-2).

· Heart disease is thought to be the source of emboli in 60% of cases (see Scheme 16-2). 

· Atrial fibrillation is present in 50%-80% of patients who produce emboli. 

· Mural thrombus, post-myocardial infarction or from a ventricular aneurysm may produce emboli. 

· A patent foramen ovale may allow a paradoxical embolism to travel from the venous circulation into the arterial circulation. 

· Rheumatic valvular heart disease is the source of emboli in 21% of patients.

· Arterial-arterial emboli may occur from aortic ulcerated plaques in 1%-2% of patients. This small but significant group of patients may present with digital emboli resulting in painful, cyanotic toes ("blue toe" syndrome). This syndrome may occur as a complica​tion of arterial catheterization or angiography.

Scheme 16-2. Incidence of different sources of embolism (A) and embolised arteries (B)
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Thrombosis (acute occlusion)
· Acute occlusion of a chronically diseased artery may cause acute ischemia. 
· Usually, these patients have a history of claudication, have a known lack of pulses, or have a number of risk factors for arterial occlusive disease, such as cigarette smoking, diabetes, and advanced age.

Clinical features and visualization data of acute arterial insufficiency of the lower extremity

· The clinical presentation from a lower extremity embolus results from acute ischemia to the affected muscle groups. The 5 P's (pain, paralysis, paresthesia, pallor, pulseless) are a convenient way to remember features of the ischemic limb.

· Pain is present in 80% of patients with an acute arterial occlusion, and it heralds the beginning of ischemia. If pain is absent, it may be because of the immediate onset of anesthesia or paresthesia or, in some patients, a well-developed collateral circulation.

· Paralysis and paresthesia (or anesthesia) develops because of the sensitivity of periph​eral nerves to anoxia. Muscle is nearly as sensitive as nerve; therefore, motor or sensory deficits are accurate predictors of impending gangrene and limb loss. 
· Pallor signals varying degrees of reduced circulation and is usually associated with coolness of the extremity.

· Absence of pulses helps localize the area of occlusion. Frequently, in older patients and in those with a history of claudication, pulses may chronically be absent or diminished. The presence of neurologic signs is the most accurate determining factor when deciding the urgency of the situation.

· Preoperative angiography should be obtained if the level of occlusion is uncertain, especially if a chronic disease is suspected. Angiography is frequently not necessary, and should not delay definitive therapy in a threatened limb. Intraoperative angiograms are often a useful method of obtaining needed information with minimal delay.

Table 16-2. Factors suggesting embolism versus thrombosis

	Factor
	Embolism
	Thrombosis

	Identifiable source or risk         


factor for embolus
	Usual, particularly atrial fibrillation

or prior history of embolism
	Unusual

	History of claudication              
	Rare
	Common

	Physical findings suggestive     


of occlusive disease                    
	Few; proximal and contralateral

limb pulses normal


	Often present; proximal or contralateral limb pulses diminished or absent

	Arteriography                             
	Minimal atherosclerosis; sharp


cutoff; few collaterals (see Fig. 16-14)
	Diffuse atherosclerosis; tapered, irregular cutoff; well-developed collaterals


From: Basic surgery/ed., H.C. Polk, Jr., et al. – 5th ed.
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Fig. 16-14. Arteriographic picture of embolism of popliteal artery

Treatment
· Management of acute arterial occlusion includes rapid diagnosis and expedi​tious surgical correction of the occlusion.

· Patients should be heparinized immediately when the clinical diagno​sis is made. 

· Patients should be given adequate hydration to maintain a high urine output (preferably 100 ml/hr). Alkalinization of the urine and osmotic diuresis (mannitol) are used to protect the kidney from damage due to myoglobinuria in patients with prolonged severe ischemia.

· Revascularization should be performed within 6 hours of the onset of symptoms for minimal morbidity from muscle and nerve damage.

· In the case of embolism, an embolectomy (see Fig. 16-15) is performed by exposing the artery and passing a balloon-tipped catheter through the embolus and thrombus, then inflating the balloon and with​drawing the catheter, extracting the thrombus. Limb salvage is possible approximately 75% of the time; the mortality in these patients approaches 20%.

· In a patient with an acute occlusion and chronic disease, an angiogram defines the anatomy and patent distal vessel. A bypass (see above) is usually the preferred therapy in these patients.

· The role of lytic therapy for an acute ischemic episode is still unclear. In patients with no motor or sensory deficits, lytic therapy may dissolve the embolus and thrombus, thereby avoiding an operation. In patients with motor or sensory deficits, lytic therapy is usually not the first choice because it can be time-consuming and may not be successful.

· Patients who have suffered an embolic event should have a complete cardiac evaluation (including an echocardiogram and Holter monitor) to search for an embolic source. These patients should be anticoagulated to reduce the chance of recurrence.

· See also Scheme 16-3.
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Fig. 16-15. Technique of embolectomy using balloon extractor 
Scheme 16-3. Management options for acute lower limb ischemia
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From: Basic surgery/ed., H.C. Polk, Jr., et al. – 5th ed.
aneurysms

Abdominal aortic aneurisms

Overview

· An aneurysm is an abnormal dilatation of the wall of an artery. Generally, an aneurysm is considered significant if its diameter is twice that of the normal artery. 
· An aneurysm of the aorta may rupture and cause death and should be repaired when detected. 
· The cause of abdominal aortic aneurysms is multifactorial. Age, smoking, hypertension, and family history are all predisposing factors toward aneurysm formation. 
· Aneurysms are more common in males (4:1).

Clinical features and visualization data

· Abdominal aortic aneurysms most often occur below the level of the renal arteries and are usually discovered on physical examination or during evaluation of an unrelated abdominal condition in which the patient has a CT scan, ultrasound exami​nation, or abdominal x-rays.

· X-ray reveals calcification of part of the abdominal aorta seen on posterior-anterior or lateral abdominal films in 60% of patients.

· Ultrasonography and CT scan of the abdomen demonstrate the dilated aorta and are the most accurate tests for aneurysm size. CT is especially useful since it gives details about the relationship of the aneurysm to the renal and visceral vessels and demon​strates venous anomalies, which may be present (see Fig. 16-16, A,B).

· Angiography (see Fig. 16-16, C) is useful for patients with hypertension due to associated renal artery stenosis, distal arterial occlusive symptoms or suspected mesenteric ischemia.
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Fig. 16-16. Aneurysm of abdominal aorta: contrast-enhanced CT (A), 3D-reconstruction (B), and angiographic picture (C) 

Treatment

· Aneurysms are repaired by replacing the diseased segments of the aorta with prosthetic grafts (see Fig. 16-17).

· All patients undergoing elective repair should have careful preoperative medical screening, including a cardiac evaluation. Patients with severe or unstable coronary artery disease should undergo CABG preoperatively.

· Intraoperative patients should be very carefully controlled. A Swan-Ganz catheter is used to monitor cardiac filling pressure and cardiac output before, during, and after aortic clamping. Mannitol is given to stimulate brisk diuresis. Aortic clamp time is kept to a minimum. Clamps are removed slowly, and fluid, acid-base and electrolyte status is adjusted. 
· The novel technique with lesser morbidity and mortality is aortic stenting (see Fig. 16-18). But studies evaluating the long-term patency of the stents are still ongoing. Except re-occlusion, potential complication of stents is dislocation. 
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Fig. 16-17. Scheme of repair of aneurism of infrarenal segment (A) and bifurcation (B) of aorta
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Fig. 16-18. Scheme of repair of aneurism of infrarenal segment of aorta using Z-stent

Atypical aneurysms of the abdominal aorta

Inflammatory aneurysms

· Inflammatory aneurysms are characterized by a dense fibrotic reaction, involving pri​marily the anterior and lateral walls of the aneurysm and the surrounding tissues. 
· The duodenum is frequently densely adherent to the aneurysm wall and can be severely injured if attempts are made to mobilize the aneurysm. The aneurysm is repaired by dissecting the neck above the area of inflammation for proximal control, frequently above the duodenum near the renal vein. Control of the iliac vessels is frequently obtained after the aneurysm has been opened using balloons to occlude the lumens from within.

· The inflammatory reaction frequently recedes after the aneurysm is repaired.

Mycotic aneurysms

· Mycotic abdominal aortic aneurysms are caused by bacterial inflammation of the arter​ial wall. In the infrarenal aorta, the most common organism found is Salmonella.
· Mycotic aneurysms usually are saccular, occur in atypical locations, and lack calcifi​cation of the wall.

· Patients present with fever, elevated white blood cell counts, and positive blood cul​tures. Evidence of septic embolization may also be present.

· Treatment begins with culture and sensitivity-directed antibiotics. The patients are then surgically explored. 
· If there is no periaortic purulence and Cram stain of the proximal and distal artery is negative, the aneurysm is repaired with an interposition graft.

· If gross purulence is present, the aneurysm and surrounding tissue are resected, the aorta is closed, and an extra-anatomic bypass (i.e., axillobifemoral bypass (see above)) is constructed.

· Long-term antibiotic therapy is indicated in these patients. 
Ruptured abdominal aortic aneurysms
Overview

· The risk of rupture is related to the size of the aneurysm. 
· Approximate rates of rupture in 5 years are: if less than 4.5 cm in diameter, 9%, if 4.5 - 7 cm in diameter, 35%, if more than 7 cm in diameter, 75%.
· The expansion rate of an aneurysm is 0.4 cm in diameter per year. More rapid expansion suggests an unstable aneurysm and is an indication for repair.

Clinical features and visualization data
· Severe central abdominal or back pain, occasionally localized to the lower abdomen, groin, or testes.

· A pulsatile, usually tender abdominal mass is present.
· Patients presenting with the sudden onset of abdominal pain and a pulsatile abdominal mass should be taken directly to surgery without any further diagnostic tests. Any delay in surgical repair could prove lethal.

· Some patients with a small, contained rupture may have a stable blood pressure. They are at risk of catastrophic decompensation and should be treated urgently.
· If there is significant doubt about the diagnosis (e.g., obese patients may not have palpable aneurysms; and some patients may have other coexisting medical problems or a history of chronic back pain confounding the diagnosis), an immediate CI scan can help establish the presence of an abdominal aortic aneurysm, and sometimes establish whether it is leaking.

Treatment

· Surgical repair of a ruptured aortic aneurysm must be performed as soon as the diagnosis is made. 
· The operative mortality rates range from 50% to 60%. Death is usually secondary to massive intraoperative hemorrhage and cardiac complications.

Postoperative complications

Postoperative renal failure

· Postoperative renal failure occurs in 21% of cases of ruptured aneurysms and in less than 2% of aneurysms treated by elective surgery. 
· If hemodialysis is required, the risk of mortality rises to approximately 50%.

Ischemic colitis

· Ischemic colitis results from ligation of the inferior mesenteric artery. It occurs to some degree in 6% of elective cases, but it results in full-thickness injury with necrosis in only 1%-2% of cases. 
· Ischemic colitis should be suspected in any patient with post​operative diarrhea, especially when the stools are heme-positive. It can usually be diagnosed with sigmoidoscopy. The mortality rate can reach 50% if diagnosis and treatment are delayed. 
· Treatment consists of resection of the dead colon, proximal colostomy, and closure of the distal colon (Hartmann's procedure).

Acute leg ischemia

· Acute leg ischemia should be suspected if pulses that were present previously are absent. It is caused by clamp injury or embolization. 
· Treatment is repair of the injury or embolectomy.

Spinal cord ischemia

· Spinal cord ischemia is a rare complication (0.25% of cases) of aortic aneurysm surgery and is most common in cases of ruptured aneurysm. Spinal cord ischemia results from diminished flow through the artery of Adamkiewicz (which supplies the spinal cord and arises from the left side of the abdominal aorta, usually at Th8 to L1 but occasionally as low as L4), due to systemic hypoten​sion or clamping of the aorta. 
· Spinal cord ischemia produces a classic anterior spinal artery syndrome: paraplegia; rectal and urinary incontinence; and loss of pain and temperature sensation but preservation of vibratory and proprioceptive sensation. 
Aortic graft infection

· Aortic graft infection may result from bacterial seeding either at the time of graft implantation or at a later date as a result of bacteremia. The most common infecting organism is Staphylococcus aureus, but Staphylococcus epidermidis is not infrequently found. The lumen of all currently used grafts is covered with a pseudointima rather than endothelium and have a decreased resistance to infection compared to the native vessel. 
· The incidence of infection is 1% - 4%. It may be decreased sig​nificantly by the perioperative use of antibiotics. Cephalosporins are the drugs of choice. 
· If the graft goes to the femoral arteries, the most common presenting sign is an inflammatory mass or draining sinus in the groin. Grafts that are totally in the abdomen may present only with fever and occa​sionally abdominal discomfort. Multiple skin petechiae may be seen in the lower extremities due to small emboli from the infected graft. 
· The graft anastomosis may erode into the gastrointestinal tract, a condition called an aortoenteric fistula. Endoscopy and aortogram may demonstrate the condition. 
· Treatment depends on the location of the infection. Local groin infection of an aortofemoral bypass can be treated by unilateral graft limb excision and, if necessary, extra-anatomic reconstruction of the involved leg. Infection of an intra-abdominal graft mandates bilateral extra-anatomic reconstruction followed by removal of the graft. Graft infection is a serious problem, which car​ries a 35% - 50% mortality and a 20% - 40% chance of major amputation.

Sexual dysfunction

· The sympathetic nerves controlling ejaculation cross the left common iliac artery near the aortic bifurcation. If injured, retrograde ejaculation will occur.

· Disturbance of pelvic blood flow during aortic reconstruction may result in impo​tence. Perfusion of at least one hypogastric artery should be maintained in planning the method of graft placement.

Other arterial aneurysms
Iliac artery aneurysms

· Iliac artery aneurysms usually are extensions of aortic aneurysms. They rarely occur as isolated aneurysms.
· They may be diag​nosed as pulsatile masses that are palpable on rectal examination; occasionally, they rupture into the sigmoid colon or another part of the gastrointestinal tract and present with gastrointestinal bleeding. 
Splenic artery aneurysms

· Splenic artery aneurysms are the second most common intra-abdominal aneurysm after aortic. Causes include fibrous dysplasia, portal hyperten​sion, multiparity, and inflammation (secondary to pancreatitis).

· Rate of rupture of bland splenic aneurysms in nonpregnant women is 2%, in a pregnant woman - 90%. The mortality of rupture is 25%. 

· Diagnosis is frequently incidental and is made when a plain film of the abdomen shows a left upper quadrant ring-shaped calcification or ultrasound shows round-shaped lesion with visible blood flow. 
· Indications for repair include rupture, symptoms (pain in left upper quadrant), and the presence of an aneurysm in a woman of childbearing age.

Peripheral arterial aneurysms

· The popliteal artery is the most common location for peripheral aneurysms. The usual cause is atherosclerosis.

· Approximately 50% are bilateral. Of these, 25% have associated abdominal aortic aneurysms.

· Rupture is rare, but embolization and thrombosis are common. Thus, these aneurysm should be repaired when discovered.

· Physical examination detects prominent popliteal pulses, and the aneurysm can be seen on ultrasound. An arteriogram (see Fig. 16-19) guides reconstruction.

· Most popliteal aneurysms are treated by ligation and bypass. Attempts to completely remove the aneurysm are dangerous because of injury to adjacent nerves.
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Fig. 16-19. Arteriographic picture of aneurysm of popliteal artery

VASOSPASTIC DISEASES

Overview

· Vasospastic diseases chiefly affect the upper extremities and involve episodic vasoconstriction, usually of the small palmar and digital arteries and arterioles. 
· Common symptoms include pain, numbness, coldness, and, occasionally, skin ulcers. 
· Vasospasm may be caused by occupations in which the hands suffer repeated trauma, such as a jackhammer operator; collagen vascular disease; atherosclerosis; emboli from peripheral arterial lesions; hematological disorders (cryoglobulinemia or cold hemagglutinins, thrombocytosis, macroglobulinemia); myxedema; nerve compression syndromes (such as the carpal tunnel syndrome); arterial compression syndromes (such as the thoracic outlet syndrome); or may be without an identifiable causative factor. 
· Doppler examination is used to measure arm and wrist blood pressure.

· The presence of a cervical or an axillary bruit suggests arterial occlusive disease. Arteri​ography may be necessary to eliminate this possibility totally. During arteriography, avasodilator may be injected intra-arterialiy and the dye injection repeated. Demonstra​tion of increased blood flow and vasodilation is strong support for the presence of vasospastic disease.

Raynaud's phenomenon

Overview 

· Raynaud's phenomenon is episodic vasoconstriction, most commonly of the fingers occasionally of the feet. It is usually initiated by cold exposure or emotional stimuli occurred mainly in women.

· Although scleroderma is most commonly associated with Raynaud's phenomenon, it may develop in anyone with a collagen vascular disease.

Clinical features

· The affected digits may go through a classic sequence of color changes: pallor, cyanosis, and rubor due to the reactive hyperemia. 

· Symptoms range from numb discomfort, which is usually localized in the fingers, to ulceration or gangrene.

Treatment

· Cold should be avoided. Hands should be protected by gloves or hand warming in extremely cold weather.

· Tobacco should be avoided because it stimulates vasoconstriction.

· Emotional problems should be controlled.

· Calcium channel blockers, such as nifedipine, are the drugs of choice. 
· Sympathectomy is rarely recommended. 
Raynaud's disease

· Raynaud's disease is similar to Raynaud's phenomenon; however, the condition shows no association with a systemic disease. 
· The process rarely progresses to necrosis. 
· Sev​enty percent of patients are young women, in whom the occurrence is usually bilateral and symmetrical. 
· Treatment is similar to that of Raynaud's phenomenon, and nonoperative management controls at least 80% of patients.

REVIEW TESTS

1. A 65-years-old man with a 1-pack-per-day smoking history was admitted to vascular surgery department with complaints of consistently occurring right thigh and buttock cramp after walking approximately 100 meters. This discom​fort occurs only while walking or climbing stairs, and it rapidly resolves with rest. He has easily palpable femoral and pedal pulses at the both sides and a right-sided lower abdominal bruit. Angiogra​phy shows a distinct stenosis of the right com​mon iliac artery and normal leg vessels. The patient does not have significant coronary artery disease. What’s the most appropriate tactics of managing the patient?

A. Right femoral-popliteal bypass 
B. Aortobifemoral bypass

C. Right femoral-tibial bypass

D. Percutaneous right iliac angioplasty

E. Conservative treatment (daily dose of aspirin)

2. The LeRiche syndrome includes:

A. Claudication of the thighs and buttocks

B. Diminished femoral pulses

C. Impotence

D. Atrophy of the leg muscles

E. All of the above

3. A 70-years-old man, poor smoker, was admitted to vascular surgery department with complaints of consistently occurring right buttock pain after walking approximately 100 meters. He has palpable only femoral pulses at the right side. Angiogra​phy shows an occlusion of the right popliteal-tibial segment. The patient does not have severe concomitant pathology. What’s the most appropriate tactics of managing the patient?

A. Right femoral-popliteal bypass 
B. Aortobifemoral bypass

C. Right femoral-tibial bypass

D. Percutaneous right iliac angioplasty

E. Conservative treatment (daily dose of aspirin)

4. A 55-years-old woman with a history of insulin-dependent diabetes mellitus, hypertension, and 3 days of fever and chills was admitted to ER with a fever of 38 °C, no history of trauma, and a swollen and erythematous left foot. On physi​cal examination she has palpable femoral pulses but no palpable distal pulses. Although she has a peripheral neuropathy, the plantar surface of the foot is painful on deep palpa​tion, and a neuropathic ulcer shows a small amount of purulent drainage present under the first metatarsal head. What’s the most appropriate tactics of evaluation and treatment of the patient EXCEPT?

A. Obtaining routine blood chemistry and blood counts

B. Discharging the patient with a prescrip​tion for antibiotics

C. Obtaining a radiograph of the foot

D. Initiating broad-spectrum intravenous an​tibiotics

E. Surgically exploring the foot to incise and drain a plantar abscess

5. A 67-years-old man with a history of atrial fibrillation was admitted to ER with complaints of left buttock pain which appeared suddenly. On physi​cal examination of the affected limb, there is palpable femoral pulses but no palpable more distal pulses; the skin is pale and the limb is cool. Emergent angiogra​phy shows abrupt occlusion of the left popliteal artery. What’s the most appropriate tactics of managing the patient?

A. Urgent right femoral-popliteal bypass 

B. Intra-arterial injection of streptokinase with subsequent elective femoral-popliteal bypass 

C. Intra-arterial injection of streptokinase with repeated angiogra​phy  

D. Urgent thrombectomy 

E. Urgent percutaneous angioplasty

6. A 70-years-old man was admitted to vascular surgery department with complaints of periodical abdominal pain. On physi​cal examination, a pulsatile mass with an audible bruit is detected. CT-angiogra​phy shows aneurism of the infra-renal segment of the aorta measuring 5 x 7 x 4 cm. Patient is fit for general anesthesia. What’s the most appropriate tactics of managing the patient?

A. Resection of affected segment of aorta, end-to-end anastomosis 

B. Resection of affected segment of aorta with replacement by the prosthetic graft

C. Replacement of the infra-renal part and bifurcation of the aorta by prosthetic graft   

D. Endovascular placement of stent 

E. Case monitoring

Correct answers: 1 - D, 2 - E, 3 - C, 4 - B, 5 - D, 6 - D. 

PAGE  
567

