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The benefit of carotid endarterectomy as a procedure to prevent stroke and neurological deficits was established when it was proven that the majority of strokes were caused by either emboli derived from atheromatous lesions at the carotid bifurcation or from  internal carotid artery thrombosis secondary to such a stenotic lesion. Furthermore, the extent of the atherosclerotic plaque is usually limited to a few centimeters, around the bifurcation, an area that can be easily approached surgically, making endarterectomy  a practical possibility.

However, in cerebrovascular insufficiency,  morbidity may , at times, be more important than mortality, as  disabling neurological  events have a tremendous impact on the quality of life and the emotional  status of the affected patient. Carotid endarterectomy, even in the best centres, carries a stroke rate, making surgeons extremely cautious when embarking on such a procedure.

Much attention should be given to  time‑honoured  and established surgical techniques. "Surgery is not an art of what you can get away with, but rather of limiting injury by meticulous techniques, however tedious. The use of simple tools, straight‑forward techniques and continued attention to well known principles and reduction of tissue injury will be rewarded with results equal to many and superior to most." These words spoken by Professor James E Foster [1990] encompass surgery as a whole, but they are especially relevant   in  carotid territory surgery.

HISTORY
The first operations on the carotid artery  were simply ligation procedures for injury , haemorrhage or aneurysm , the first successful one performed in 1803 by David Flemming, a young British naval surgeon. Sir Astley Cooper at Guy's Hospital, London was the first to perfom successful ligation of the carotid artery  for an  aneurysm, in 1805; the patient died 13 years later from other causes. The first successful surgical reconstruction of the common carotid artery was performed by Carea et al in Buenos Aires, in 1951. The first successful carotid endarterectomy was performed by Michael DeBakey in 1953. However, the reconstructive procedure for extracranial occlusive arterial disease that gave the greatest impetus to carotid surgery was  performed by Eastcott et al at St Mary's Hospital, London, in 1954, as it was the first to be published.

Over the years, most of the different surgical techniques that had been used were finally abandoned, apart from the endarterectomy which, because of the works of Jessie E Thompson in the 60s and 70s, became the standard  procedure  for extracranial occlusive arterial disease.

Since then, carotid endarterectomy has had a rather troublesome history because of insufficient clinical history data, the exponential increase in the number of procedures performed worldwide and the great variation in peri‑operative stroke and death rates that were reported by the publication of a large number of individual uncontrolled series. As a backlash developed, surgeons and neurologists had to justify the procedure and its use; so the statisticians moved in. The two large randomised controlled clinical trials [ ECST and NASCET ,]  conducted in the late 80s and early 90s, came to substantiate the role of surgery in preventing stroke and death from extracranial occlusive disease and establish some firm indications for the procedure.

INDICATIONS.
The annual incidence of stroke in the western population is 200 per 100,000 population;  the numbers  increase dramatically  in males after the age of 75, and the incidence reaches 1400 cases over 100,000  population. The morbidity and the community cost associated with the disease is also extremely high. Medical treatment does not have a significant impact as a preventive measure in certain groups, so surgery has to be considered. In order to justify carotid endarterectomy as a procedure to prevent stroke and neurological  disability, the relative risks of surgery should be compared to the combined relative risk of the natural history of the disease and the medical risk factors. The natural history of an untreated lesion should outweigh the mortality and morbidity of the procedure alone in order for the latter to confer a significant  benefit to the patients. Therefore,  surgery should achieve a smaller combined stroke and death rate than the incidence in patients treated medically on,  in order to be a valid treatment. An alternative is to identify  the high risk subgroups  and only these  should be  operated on.

The ECST and NASCET trials showed that in symptomatic patients with a 70% to 99% lumen stenosis the post‑operative combined disabling stroke and death rate was 7.5% and 5% respectively, while the values in the control groups [non operated but having the best medical treatment] were 5% and 3%. However, in the next 18‑36 months, operated patients suffered from stroke only in 2,8% and 2% , while in the medically treated patients the figures were 16.8% and 21%  respectively, an undeniable benefit provided by carotid endarterectomy. In symptomatic patients with less than 30% stenosis surgery was not  proved to be beneficial, while in the middle group [30‑69%] there is still some debate and the trials continue.

In the recent years the indications for carotid endarterectomy have expanded, including asymptomatic patients with severe stenotic lesions, symptomless patients with bilateral disease, asymptomatic lesions in patients scheduled to be submitted to a major vascular procedure [eg. aortic aneurysm repair or coronary artery bypass], patients who suffered a previous stroke but recovered fully or have minor residual neurological deficit, patients with ulcerating lesions irrespective of the degree of stenosis, patients with global ischaemia due to bilateral disease or generalised cerebrovascular insufficiency, patients with recurrent disease after a previous endarterectomy and even patients with a strokein evolution . However, much controversy  still exists  and many trials  are still in progress.

As a guideline,  the maximum 30‑days combined disabling stroke and mortality rate after surgery should be less than 3% in asymptomatic cases, less than 5% in patients presenting with Transient Ischaemic Attacks [TIAs] or Amaurosis Fugax [AF], less than 7% in patients with a previous stroke or  suffering  from global ischemia and less than 10% in recurrent disease after  a previous endarterectomy.

The character of the stenosing lesion [eg ulcer, smooth fibrous, non‑echogenic, echogenic, complicated plaque] may prove to be quite important in selecting the high risk patients. Unfortunately, apart from the ulcerating lesions [identified on angiogram or Duplex], the plaque characteristics possibly related to a higher incidence of stroke have not yet been established.

In conclusion, carotid endarterectomy should be undertaken in:

1. Symptomatic patients [TIA's, AF, Previous strokes, retinal strokes]

a]. If the stenosis is between 70-99%

b]. If the stenosis is greater than 50% and there is an ulcer or echogenic [complicated] 
     plaque, or when the best medical treatment fails to control the symptoms.

2. Patients with Global Ischemia.

a]. If the  stenosis is greater than 50% and the contralateral side is occluded.

b]. If there is greater than 70% bilateral disease.

3. Asymptomatic patients.

a].  If the stenosis is greater than 70%, with evidence of ipsilateral infarcts on CTscan [silent strokes]

b]. If there is a greater  than 70% stenosis and  the patient is to undergo a major procedur associated with potential significant blood loss and  sequential  low flow state [eg. aortic  aneurysm repair, liver resection etc.] or coronary artery bypass grafting.

c]. Duplex  or  agiographic  stenosis  greater  than  60%,  provided  that  the surgeon’s stroke rate is less than 3% [ACAS study]

4. Stroke in evolution, Crescendo TIA's.

We still do not know about the outcome of this urgent intervention, which could theoretically turn an ischemic infarct into an haemorrhagic one, but there is some evidence that the procedure may be beneficial  if  it is  undertaken in the first 8 hours after the acute onset .

REGIONAL ANATOMY
The common carotid artery passes behind the sternoclavicular joint and ascends in the neck enclosed in the carotid fascia‑sheath [part of the pretracheal visceral layer of the deep neck fascia] which also contains the internal jugular vein laterally and the vagus [Xth cranial] nerve posteromedially. Posterior to and outside the carotid sheath lies the cervical sympathetic trunk. The carotid artery overlies the cervical transverse processes, separated from the prevertebral muscles by the prevertebral neck fascia. Medially lie the viscera of the neck [ pharynx, larynx, oesophagus and trachea] and anteromedially the thyroid gland. The line of the carotid sheath can be marked out by a line joining a point mid‑way between the tip of the mastoid process and the angle of the jaw to the sternoclavicular joint. [fig 1].

Superficially, the carotid sheath is covered by the sternomastoid muscle [ crossed at its mid‑point by the transverse cervical nerves as they course medially to join the cervical branches of the facial nerve] and the omohyoid and sternohyoid muscles [strap muscles] at its lower part. More superficially lies the platysma muscle, enclosed in the superficial neck fascia.

The common carotid artery bifurcates into the external and internal carotid arteries at the upper border of the thyroid cartilage, close to the hyoid bone level. At the same level usually lies the common facial vein [ formed by the junction of the retro‑mandibular, posterior and anterior facial veins], which penetrates the deep fascia to join the internal jugular vein. The ansa cervicalis  or ansa hypoglossi [a motor and sensory  nerve supplying the depressor hyoid muscles]  overlies the carotid sheath, as its superior root [coming off the hypoglossal nerve] runs down over the anterior surface of the common carotid artery; at the inferior angle of the anterior triangle of the neck it curves posterolaterally, crosses the internal jugular vein and joins its posterior root, which originates from the C2 and C3 nerves.

The internal carotid artery is dilated at its origin, forming the carotid bulb or sinus, which acts as a pressor receptor and is supplied by the vagus nerve [carotid sinus nerve]. Deep to the bifurcation and attached to it is the yellowish carotid body, a chemo‑receptor, supplied also by the Xth  nerve. The internal carotid artery lies first lateral to the external but soon passes posterior to it, ascending along the lateral wall of the pharynx, to enter the skull through the carotid canal in the petrous part of the temporal bone [carotid siphon]. Into the cranium it gives off its terminal branches, the ophthalmic, anterior and middle cerebral arteries [fig 2]. During its ascent in the neck it is crossed by the hypoglossal nerve [XII], the posterior belly of the digastric muscle and the inferior pole of the parotid gland at the base of the skull. Lateral to the artery passes the accessory nerve [XI] which crosses the internal jugular vein to enter the sternomastoid muscle, which it supplies.

The external carotid artery lies first medially and slightly deep to the internal carotid but soon passes anterolateral to it. It ascends beneath the hypoglossal nerve and the digastric muscle before entering the parotid gland. It gives off a series of anterior and posterior branches before its two terminal branches, the superficial temporal and maxillary arteries. Its anterior branches are the superior thyroid artery [immediately after the bifurcation], the lingual artery which immediately curves medially and the facial artery which hooks over the mandible. The posterior branches are the ascending pharyngeal [occasionally may arise from the internal carotid artery], the occipital and posterior auricular arteries [fig 2]. Close to and just medial to the ascending external carotid descends the superior laryngeal nerve and especially its external branch  [external laryngeal nerve ] which  supplies  the  cricothyroid  muscles  that tighten the vocal cords.

THE OPERATION
1. ANAESTHESIA
As general anaesthetics decrease the cerebral metabolic demands, most  surgeons prefer a light general anaesthesia, as a form of cerebral protection. A few prefer the use of regional [local] anaesthetics; with the patient  awake, the consciousness level serves as a monitor of cerebral perfusion. This method is becoming more common now in the USA and is the prefered method in South America. However, the emotional stress of the patient and the possibility of intra‑operative difficulties [ eg. haemorrhage] must  be taken into account. For these reasons the authors recommend the use of general anaesthesia, employing at the same time some form of monitoring the cerebral perfusion.

During the course of anaesthesia, one of the most important issues is to keep the mean arterial pressure stable and slightly raised [>90mHg]. The aim of this is to keep the cerebral perfusion at an optimum level, because changes in systemic blood pressure are associated with similar changes in middle cerebral artery flow and thus cerebral perfusion.

The endotracheal tube should be held in place by adhesive tapes and not umbilical tapes around the neck. In high lesions nasal intubation should be considered. The opposite arm [ usually the right as  left sided lesions are  more common] should be used for venous access and arterial monitoring. The use of a long connecting air tubing, placed on the contralateral side, allows the anaesthetist, the anaesthetic and monitoring equipment to be stationed near the patient's feet and not at the head of the table, leaving  room  at the patient's head for a second assistant or a technician to handle the  transcranial doppler [TCD] monitoring equipment.

2. POSITION 
The patient lies supine  with the head extended and rotated towards the opposite site, resting on a rubber ring. The shoulders are slightly elevated, with a sandbag  placed between the scapulae, but undue extension of the neck should be avoided [fig.3]

The guiding points that become more prominent with this position are: 1]the tip of the mastoid process; 2] the sternoclavicular joint and the sternal notch;  3]  the angle of the mandible;  4] the anterior border of the sternomastoid muscle.

After preparing the operative field with an antiseptic solution, the technician places the doppler probe over the temporal window, aims at the middle cerebral artery and secures it in place. If a transcranial doppler is not available, some other form of cerebral perfusion monitoring is advisable, such as a continuous EEG or brain oximetry. A special double head‑towel can be used for draping, but the traditional way, using four separate towels is safer and more than adequate. One draping towel is placed at the midline of the neck [from the chin to the sternal notch], one from the post‑auricular area to the midclavicular point and one along the clavicle. The  fourth, upper towel is placed parallel to the line of the mandible, leaving the inferior part of the earlobe in the operative field. An adhesive drape membrane can be used to secure the towels in place, after  the field is carefully wiped.

3. INCISION
An oblique incision is made along the anterior border of the sternomastoid muscle, starting just  opposite to the angle of the jaw [superiorly] and more than 1cm away of it [ in order to avoid the mandibular branch of the facial nerve],  to a point two finger‑breadths above the sternoclavicular joint [inferiorly][fig 3].  For cosmetic reasons some surgeons prefer to curve the lower part of the incision  medially, along the skin creases, terminating at the lower border of the thyroid cartilage, instead of employing a  straight incision. If the patient is short‑necked and obese, or when further exposure is needed [eg. high bifurcation], the upper part of the incision can be extended, curving it behind the earlobe.

To avoid diffuse oozing from the rich network of subcutaneous vessels [as  the patients are usually on aspirin, with a markedly increased bleeding time] it is advisable to cut  only the epidermis with the scalpel and continue the incision at the deeper layers using the point diathermy. With this technique the post‑operative neck bruise will be markedly reduced.

4. EXPOSURE OF THE COMMON CAROTID ARTERY
The platysma muscle is divided. At the superior border of the incision and posteriorly, lying on the sternomastoid muscle, the great auricular nerve is identified as it crosses posterolaterally to enter the subcutaneous tissues; it should be preserved as its damage causes distressing numbess of a large area, including the ear; furthermore, it is the best material in nerve grafting. The  anterior border of the sternomastoid muscle is dissected and moved laterally, untill the internal jugular vein comes into view. The transverse cervical nerves that cross the dissection line have to be divided; this will cause a small area of numbness medial to the jaw. The full length of the anterior border of the sternomastoid muscle should be exposed, between the  omohyoid  muscle  inferiorly  and  the  parotid  gland at the superior border of the incision. [ fig 4].

Dissection continues on the anterior border of the internal jugular vein, in a plane behind the  chain of jugular lymph nodes that overlies the carotid sheath. The common facial vein is thus exposed as it joins the anterior wall of the inernal jugular vein  [fig.4].  Great variation in anatomy occurs  and quite often more than one facial vein is encountered. These should be first doubly ligated ,  tranfixing the internal  jugular side, and then divided  [fig .5]. The position of the common facial vein is a good indicator of the position of  the carotid bifurcation , as it usually overlies it.

The carotid sheath is now exposed and opened and the ansa hupoglossi is usually encountered running over it. It can be divided without much impunity, but can be also easily preserved if the surgeon dissects posterior to it. The carotid pulsation can be easily felt [especially over the C6 process] and the dissection continues at the lower half of the incision. Any forceful handling, compression or grabbing the artery with the forceps should be avoided; it can be gently tracted forward by picking with the forceps the fascia that surrounds it, as the scissors dissect posterior to and around the vessel. The artery is fully mobilised, encircled and a vessel loop is passed around it with the help of a right angle Lahey forceps. An umbilical tape can be used instead of a loop, which then passes through a 14F rubber catheter to act as tourniquet if an indwelling shunt is contemplated to be used [fig.5]. During the posterior dissection care should be taken not to injure the vagus nerve [lies posterolaterally] or the recurrent laryngeal nerve [especially on the right side] as it passes medially to lie in the tracheo‑oesophageal groove.

5. EXPOSURE OF THE BIFURCATION AND ITS VESSELS
Dissection continues upward from the medial site. The external carotid artery and its first anterior branch, the superior thyroid artery,  is identified as it passes inferomedially. It is encircled doubly by a heavy thread [eg. silk Nr 0]. Some surgeons tend to ligate and  divide it, something that can be done without much penalty, however, in our experience we have never found it  necessary. The stem of the external carotid artery is then mobilised and encircled by a vessel loop. Dissection should not continue for more than 1cm from its origin, in order to avoid possible injury to the external laryngeal nerve.

At this stage some surgeons tend to infiltrate the carotid sinus nerve by injecting 1% lidocaine solution in the tissues between the external and internal carotid arteries, in order to prevent hypotension and bradycardia from its stimulation. We never found  necessary to do this and do not recommend it. Stimulation can be eliminated by avoiding dissection  immediately above the bifurcation.

Dissection then continues superolaterally, behind the ansa hypoglossi and along the medial border of the internal jugular vein, to expose the internal carotid artery. The jaws of the curved dissecting MacKindo's scissors should face posteriorly, minimising  the chances of accidental injury to the hypoglossal nerve [the ansa can serve as a guide to identify the XIIth nerve]. Dissection should be gentle, disturbing the internal carotid artery and the bifurcation as little as possible, staying close to the adventitia. The jaws of the dissecting scissors should always open parallel to the longitudinal axis of the artery, in order to avoid  compression of  the vessel and consequent release of embolic particles from the plaque. For the same reason it is better to use  suction to remove the blood from the operating field instead of absorbent swabs.

We find it unnecessary and hazardous to dissect medial to the carotid bulb and lateral to the external carotid artery, as annoying haemorrhage can occur from the tissues around the carotid sinus. It is far better to start dissecting at the medial side of the internal carotid artery at a higher level. Gentle traction of the tissues above the digastric muscle by the second assistant, using a Langenbeck retractor is quite helpful at this stage. Dissection continues until a soft, healthy, palpable segment of the internal carotid artery is encountered, which can be identified by the normal pattern of vasa vasorum. A Lahey forceps is passed around it, temporarily  occluding it, and it is then encircled by a vessel loop, taking care not to apply much tension . The hard portion of the atheromatous plaque is  visible and palpable, and usually limited within the length of the arterial exposure.

If further distal exposure is needed, the first step is to curve the incision behind the earlobe and then identify and mobilise the hypoglossal nerve . There is usually a small branch of the external carotid artery, supplying the sternomastoid, which crosses over it, holding it down as a sling. When it is ligated and divided, the hypoglossal nerve is freed, and the posterior belly of the digastric muscle can be divided, along with the stylohyoid muscle.

6. CEREBRAL PROTECTION
Many surgeons use a shunt routinely, while others almost never employ it, without much of a  difference in their results. The authors prefer to use a selective shunting policy. The indications to use an indwelling shunt [Pruitt‑Inahara, Javid or a simple silastic tube] can be formulated as the following:

a]. When the systolic stump pressure is less than 40 mmHg. The external carotid artery is clamped by a soft curved spoon clamp, sometimes together with the superior thyroid artery and the common carotid artery is clamped by a soft 45 angled Dardick clamp. The internal carotid artery is left intact. Using a 21G needle, connected by a  small diameter tubing,  filled with normal saline, to a pressure monitor, the zero level is established as the tip of the needle lies at the bifurcation level; the common carotid artery is then punctured and the stump pressure is measured [fig.7].

b]. When the middle cerebral artery  velocity  measured by  transcranial doppler is less than 40cm‑1, or when there is a greater than 40% drop during clamping .

c]. When a patch arteriotomy closure is contemplated, as in cases with a less than 4mm internal carotid artery diameter or cases with recurrent stenosis after a previous endarterectomy.

d]. In patients with occlusion of the contralateral carotid and minimal crossflow in the circle of Willis, or patients with previous CVAs.

e]. Shunting is also advisable when there is a plan for a junior surgeon or trainee to perform the procedure, supervised and assisted by a vascular surgeon.

However, the efficacy of the shunt has never been fully proved. On the contrary, it may be a significant cause of morbidity by dislodging debri that will embolise distally, especially when the shunt is inserted in a hurry in a patient with a complicated plaque, without the distal end of the plaque being fully exposed. For this reason some surgeons prefer to perform a crude endarterectomy first [takes less than 3 mins] and then insert the shunt.

7. ARTERIOTOMY AND SHUNT INSERTION
The patient is heparinised [5000 units I.V.], the arteries are clamped  and a small arteriotomy is made on the anterolateral surface of the common carotid artery, using a pointed [Nr 11] blade, caring not to  damage  the posterior arterial wall. It is extended distally, along the outer border of  the artery [in order to avoid the external carotid], using an angled Pott's scissors. The distal end of the arteriotomy should extend beyond the point in the internal carotid artery where  the plaque terminates, usually feathering out smoothly  [fig.8]. The use of  x 2.5  magnifying lenses [loops] at  this stage  is also recommended,  as  they help the surgeon be more precise in his movements.

The arterial clamps are momentarily released to flush all three arteries and check the backflow; they are then immediately reapplied. If there is no need for cerebral protection, the next step is to start the endarterectomy.

If  a shunt is to be used , in the case of the Pruitt‑Inahara shunt with inflatable balloons, it is first tested, the proximal part is clamped [with a mosquito clamp] and the tip is  inserted into the common carotid artery. The rubber tube around the artery is pulled tight to hold it in place and stop the bleeding while the ballon is inflated. Flow is momentarily released to flush the shunt; the clamp is then reapplied and its distal part is  gently inserted into the internal carotid artery, above the termination point of the plaque, with small rotatory movements. It should  never  be forced and never inserted in a hurry.

The distal balloon is inflated and the flow is released. There is no need to support the shunt further as the balloon is usually adequate to keep it in place. The external carotid artery clamp is the only one remaining in place. The Pruitt shunt has an "Omega" lying shape, in order to minimally interfere with  the surgeon  as he performs the endarterectomy [fig.9].

Times are recorded [shunt insertion time, total ischemia time] and flow through the shunt is released. Some form of monitoring is required in order to inform the surgeon that the shunt is running [eg. it can be kinked, compresssed by the assistant or occluded when picked up by a forceps in order to help the surgeon]; the transcranial doppler is probably the best method, although a flow‑meter wrapped around the silastic tube of the shunt can be used instead.

The Javid shunt is much larger in diameter in the proximal end than the Pruitt shunt and is tapers gradually to the distal part, a characteristic that improves the flow through the lumen. It is held in place by two specially designed clamps. However, due to its dimensions and stiffness, it is more difficult to insert  and keep  in place compared to the Pruitt, while the risk of intimal tear to the internal carotid artery and distal embolisation is probably greater.

Shunt insertion takes time and  makes the endarterectomy slightly more difficult. Sometimes it may prove  extremely difficult to insert and the flow may be disturbed because  the proximal end  is incorrectly  placed  or  the distal end abuts the arterial wall . Finally,  there is always the risk of displacement from the arterial lumen. Should this occur, the shunt should be either carefully re‑inserted, after clamping the vessels properly, or the attempt should be abandoned, converting to an  endarterectomy without  a shunt. The main advantage of shunting is that it releases much of the stress and tension from the surgeon , who is then more relaxed, can take his time and perform the procedure in a more meticulous and precise manner.

8. ENDARTERECTOMY
By teasing the cut edge of the arteriotomy with a fine soft forceps  the exact cleavage plane in the outer media can be identified [fig.10] and be gradually developed by gently probing and pushing, using a McDonald's or a Watson-Cheyne elevator [fig.11]. The common carotid artery is dealt with first. As the dissector is passed to the other side, around the posterior border of the inner media, the plaque is cut at this point using a Nr 15 blade [fig.12]. Care should be taken not to penetrate the  thinned now posterior arterial wall; it is better to cut over the McDonald’s dissector. The cleavage plane is developed by pushing with the dissector away from the plaque. The plaque is then grasped firmly and pulled down and laterally while the dissector mobilises the plaque into and around the orifice of the external carotid artery [fig.13]. The spoon clamp is momentarily released and the plaque is bluntly pulled out.

By applying firm forward traction on the plaque and pushing with the dissector from the plaque towards the arterial wall [from above downwards], the cleavage plane is developed in the internal carotid artery [fig.14]. Usually the plaque feathers out smoothly, becoming quite thin and melting into the normal intima as it gradually obliterates. In this case it can be easily separated. If it extends distally, it is better to cut it circumferentially and tack down the remaining loose intima by two separated 6‑0, double ended polypropylene sutures. A U‑suture is placed, from the inside to the outside, one needle entering through the intima and one through the raw endarterectomy surface close by. The two threads are tied on the adventitia side of the artery [fig.15]. With this tacking down technique, when flow is restored, it will not lead to dissection and intimal flap occlusion.

The endarterectomy should be then completed and perfected, removing all debri and loose tags from the endarterectomy surface. Thorough wash out with normal saline from a syringe will  show the parts of loose intima left behind, which should be picked up by a fine forceps and peeled off in the direction of the longitudinal arterial axis. The proximal end of the endarterectomy on the common carotid artery should then be refined, leaving a clean, sharp cut edge. There is no need to tack it down, as it lies downstream, with  no risk of causing dissection. The internal carotid artery clamp is briefly removed to flush out the occluded vessel and is then reapplied. The common and external carotid arteries are briefly flushed as well.

9. CLOSURE OF THE ARTERIOTOMY
a] Primary closure [fig. 16]. 

Closure starts at the distal end, using a 6‑0, double ended polypropylene suture.It is important

to put the first stitch along the longitudinal axis of the artery, with the threads exiting close [1mm] to each other on the adventitia side, in order to avoid  narrowing of the lumen . No more than 5 knots should be used to tie the threads, in order to avoid a bulky suture mass which will prevent good approximation of the cut edges. Closure continues downwards with a running over and over  suture, encorporating fine bites of the arterial wall, 1‑2mm from the cut edge and 1-2mm apart. The use of a fine atraumatic forceps and a fine , rotating, non‑locking needleholder  is also extremely helpful at this stage. As soon as closure reaches  below  the bifurcation level, one can stop suturing from the distal end and and start from the proximal end, using a double ended 5‑0 polypropylene suture. On this site the wall bites can be more generous and the use of a fine Reider's needleholder makes closure easy and quick. Primary closure usually takes about 5‑10 minutes.

b]. Patch graft closure [fig.17].

It is rarely necessary to employ a patch for closure of the arteriotomy . We have rarely resorted to this technique in our elective cases. However, in cases of small arteries [less than 4mm in diameter, especially common  in women] or in urgent cases [ eg. post‑operative stroke or evolving stroke] the use of  a patch seems wise and should be considered. It is preferable to use a thin [1.5mm thick] PTFE patch than a vein, which might not withstand the high pressures and may rupture in the  post‑operative period.

The patch should be oblong, short in lenth and narrow [less than 10mm wide]. It is put in place by a continuous over and over running 6‑0 polypropylene suture, starting from the distal end of the arteriotomy. By grasping the patch with the forceps and pulling it down or inside the lumen,  suturing  becomes much easier;  another technique is to place 4 stay sutures at the four corners of the patch.

When a patch is employed the wall bites can be more generous and secure, as the risk of residual narrowing of the lumen is minimised. As the average closure time when a patch is used is almost 20 minutes,  shunting seems to be advisable when this technique is employed.

c]. Shunt removal and establishment of flow.
Just before completing the closure, the shunt is clamped and the internal carotid artery limb is removed, flushing the artery ; a soft clamp is then applied. The proximal limb of the shunt is then removed from the common carotid artery and the Dardick clamp is re‑applied. The gap that remains on the arteriotomy is usually less than 1cm in length and can be easily sutured in less than 3 minutes. Before tying the two threads, the artery is flushed with normal saline from a syringe, to remove any remaining thrombi and debri. The external carotid artery clamp is removed, allowing the lumen to fill with blood, and then the common carotid artery is released; any debri will thus be pushed by the bloodstream into the external carotid artery. The common carotid artery is then reclamped and the internal carotid artery clamp is removed; theoretically, because the lumen pressure is higher in the internal carotid, all intraluminal particles will move to the external carotid. The internal carotid artery is then occluded by gentle finger pressure and the common carotid is released,  releasing the flow to the internal as well.

10. WOUND CLOSURE
Thorough haemostasis is essential; there should be no arterial bleeding from the suture line because it will not stop despite the wound closure. In case of patch grafting, because of continuous oozing from the stitch holes, gentle pressure for 5‑10 minutes  with  a small swab may be required. A suction  drain is then inserted through an anterolateral stab wound, and is held in place by a 2‑0 silk stitch. There is no need to close the carotid sheath or the sternomastoid muscle. Simple closure of the platysma muscle by  continuous or interrupted 2‑0 polydioxanone or chromic cat-gut suture is adequate. The skin may be closed by any means, according to the  surgeon's preference. We prefer a continuous  subcuticular 3‑0 PDS suture, with its ends hanging loose, to be cut flush on the skin the next morning.

11. OPERATIVE TIMES
Total time
Total ischemic time
Endarterectomy without shunt


Simple closure

~ 60 min

~ 20 min

Patch closure


~ 90 min

~ 40 min

Endarterectomy with shunt

Simple closure

~ 90 min

~ 10‑15 min

Patch closure


~ 120 min

~  10‑15 min

POST‑OPERATIVE CARE
There is no need to neutralise the effects of heparin. Careful observation of the patient in the immediate post‑operative period is  necessary, with neurological observations being  performed every 15 min for  the first 2 hours. The patient is asked to move the hands and  toes, and the VII, X, and XII cranial nerves should also be assessed.

The risk of perio-operative disabling stroke or death is far greater during the first 2 hours following surgery. More than 90% of strokes occur within the first 2 hours from surgery and almost 99% occur within the first 24 hours.

Today, some form of completion imaging, either intra‑operative or post‑operative is considered essential, in order to disclose the presence of intimal flaps or technical errors ,  recognise them early and  correct them. Some surgeons use a completion angiogram, while others perform an intra‑operative duplex scan or a simple doppler test on the carotid artery. We find that these methods are technically difficult, time consuming and may add  to the operative risk. The use of  transcranial doppler monitoring provides  an excellent indicator of the patency of  the internal carotid artery , obliterating theoretically the need for the previously mentioned intra‑operative imaging. It is much easier and more accurate to perform a Duplex scan post‑operatively, with the wound closed.

If  neurological deficits occur,  duplex scanning is imperative; if there is evidence of occlusion or intimal flap, the patient should be  taken back to theatre immediately,  for  exploration of the carotid artery, removal of the thrombus , insertion of a shunt and correction of any technical problem such as a loose flap. If the internal carotid artery is patent then  the event was probably embolic and no action has to be taken.

Recovery is usually extremely rapid, and the patients are able to go home in 24-48 hours. The next morning  the drain is removed and the skin stitch is cut flush with the skin surface. The only long-term medication we recommend is 75mg of aspirin daily.

A Duplex scan should be performed after 30 days to detect any residual stenosis and another at 12 and 36 months to detect recurrent stenosis.

COMPLICATIONS.
1.Haemorrhage.
Haemorrhage is usually caused be arterial bleeding from the suture line or possibly  from a venous ligature coming loose. If the drain collects more than 100ml of blood per hour, the patient should return to theatre for proper haemostasis.

2. Hyper‑perfusion brain injury.
This is a  very unlikely event but can occur  in patients with global ischemia [ accustomed to low cerebral flow rates] who develop hypertension and sustained elevated middle cerebral artery velocities  [greater  than 100cm‑1 ]. It is usually associated with confusion, instability and intracerebral haemorrhage may follow.  Fortunately,  it is usually self restricted; the only therapeutic measure is adequate blood pressure control with anti‑hypertensive medication.

3. Peripheral nerve injury.
The cranial nerves in the wound can be easily injured; fortunately,  these injuries are almost always temporary. The hypoglossal nerve and the submental branch of the facial nerve can be injured by forceful retraction of the tissues, resulting in deviation of the tongue towards the operated side and weakness of the ipsilateral lower lip. The recurrent laryngeal and the external branch of the superior laryngeal nerve can be injured from aggressive dissection, resulting in voice hoarseness and weak phonation respectively.

4. Patch rupture.
This is an extremely rare event, but the incidence is greater if vein had been  used. PTFE is stronger but is more prone to infection, which may lead to the  development of a false aneurysm.  However, infection in this area is extremely rare.

5. Stroke.
Despite all precautions and care, disabling or non‑disabling neurologic events still happen. They are usually evident immediately after surgery, or in the first 24 hours. Fortunately, many  of these strokes are transient, leaving no neurologic deficit and  many of the patients will recover fully.

6. Peri-operative mortality.
Because of the usually widespread and multifocal atherosclerotic disease in these patients, the risk of cardiovascular death [myocardial infarction, stroke, pulmonary embolism, cardiac failure], however minimal,  is always present, despite the fact that the operative and anaesthetic stress is not severe. A small proportion  of  patients with post-operative stroke  may develop raised intracranial pressure with cerebral oedema, if the stroke is large. These may then die from herniation of  the brain stem through the foramen magnum, and this is the commonest cause of death after carotid endarterectomy. The total peri-operative mortality rate should not exceed 2%.
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