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ABSTRACT
Symptomatic carotid artery stenosis is a source of major disability. Optimal treatment may
halt the ischemic insult and ensure the best possible recovery. Revascularization is performed
by a multidisciplinary team, and may be done via carotid endarterectomy (CEA) or carotid artery
stenting (CAS). The anesthesia provider faces the challenge of trying to preserve the neurological
status of the patient during the procedure. Patients’ outcomes depend greatly on choosing wisely
the most appropriate approach, optimal intraoperative anesthetic care and the development or
not of post-procedural complications. The purpose of this chapter is to clarify when CEA or CAS
must be performed, how to offer our patients the best medical intraoperative care and which
possible complications may arise during the peri-procedural period.
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INTRODUCTION
Stroke is a relatively frequent event and one of the major causes of important disability.
Carotid arterial stenosis is a common cause of stroke. Prompt treatment of symptomatic carotid
artery stenosis is therefore of the utmost importance to enhance the possibility of a full recovery
and to avoid the ongoing ischemia of the cerebral tissue. Numerous clinical trials have addressed
this problem and analyzed the outcomes after each of the available treatments: best medical
treatment alone, carotid endarterectomy (CEA) or carotid artery stenting (CAS). CEA or CAS must
be performed by a multidisciplinary group of professionals, among which the anesthesiologist is
the responsible for ensuring the wellbeing of the patient and trying to prevent the worsening of
ischemia while the procedure is performed.
In this chapter we are going to develop the preoperative considerations that must be taken
into account to optimally treat our patients, as well as analyze the numerous factors that we must
keep in mind while providing anesthesia care in this setting. Lastly, we will review the different
complications that may halt the recovery of such a potentially disabling disease.

PREOPERATIVE CONSIDERATIONS

The term symptomatic carotid artery stenosis disease refers to those patients having suffered
symptoms related to the carotid artery territory in the last 6 months, being these transient or
persistent [1,2]. However, there is at least one guideline (the Carotid Artery Stenting: Second
Consensus Document of the ICCS/ISO-SPREAD Joint Committee [3]) that challenges this 6-months
period and proposes a 3-months period instead based on the significant reduction of the risk of
recurrence in symptomatic patients just after a few weeks of the event [4,5].
Symptoms of carotid artery disease include [1-3]:

 Symptoms related to retinal ischemia such as ipsilateral amaurosis fugax.

 Symptoms related to hemispheric ischemia such as sensory impairment of hemi- face/arm/
leg, motor deficits of the same territory, aphasia/dysphasia…

When Should we Treat Symptomatic Carotid Artery Disease?

There have been numerous trials that have examined this issue. The two largest randomized
controlled trials to date have been the European Carotid Surgery Trial (ECST, 1998) [6] and
the North American Symptomatic Carotid Endarterectomy Trial (NASCET, 1991) [7]. Although
most guidelines base their recommendations on these trials, they were conducted before the
generalized used of statins. Therefore, to compare outcomes after the updated best medical
treatment (BMT) to surgical treatment + BMT, there is a second European Carotid Surgery Trial
currently under way (ECST2).
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Table 1: Recommendations on surgical treatment issued by the 2017 Clinical Practice
Guidelines of the European Society for Vascular Surgery (ESVS). Table adapted from these
guidelines.
Carotid endarterectomy is indicated in patients having carotid artery related symptoms the preceding 6
months and with documented 70-99% carotid stenosis, if the estimated procedural death/stroke rate is <6%.
Carotid endareterectomy is recommended in patients having carotid artery related symptoms the preceding
6 months and with documented 50-69% carotid stenosis, if the estimated procedural death/stroke rate is
<6%.
Carotid revascularization might be considered in symptomatic patients with <50% carotid stenosis and
repeated symptoms despite best medical treatment.
Carotid revascularization should not be considered in patients with a chronic internal carotid near-occlusion,
unless having repeated symptomatic events despite optimal medical treatment.

Class

Level

I

A

IIa

A

IIb

C

III

C

The 2017 Clinical Practice Guidelines of the European Society for Vascular Surgery (ESVS) [1]
issued the following recommendations [Table 1]. These recommendations do not contradict the
2011 American Heart Association / American Stroke Association (AHA/ASA) guidelines on the
Management of Patients With Extra cranial Carotid and Vertebral Artery Disease [2] and a 2017
Cochrane Review [8]:

Which Surgical Approach should be Considered?

ESCT and NASCET were conducted in the 1990’s and didn’t provide useful data regarding
which revascularization technique to use: CEA or CAS. Therefore, other trials were developed to
properly address this question:


The Carotid Revascularization Endarterectomy versus Stenting Trial (CREST) [9,10] was
a large randomized trial in which 53% of the patients had symptomatic carotid artery disease.
They found similar results of both techniques in the long term (10 years follow-up [10]) but a
significantly higher proportion of stroke and death rate in the 30 days follow-up for the stenting
group, as well as an increased number of adverse events for patients older than 70 years [9].
However, CEA group showed higher proportion of myocardial infarction in the peri-procedural
period than CAS group [9].


The International Carotid Stenting Study (ICSS) [11,12] trial randomly assigned 1700
symptomatic adults (>40 years old) to either CAS or CEA. Similar results to those in CREST were
found for the risk of stroke at 30 days, favoring CEA versus CAS. In the long-term analysis, there
was a higher risk for non-disabling stroke for CAS patients.
 The Stent-Supported Percutaneous Angioplasty of the Carotid Artery versus Endarterectomy
(SPACE) trial failed to prove non-inferiority of CAS versus CEA for the peri-procedural complication
rate [13]. At 2 years [14], the rate of ipsilateral recurrent stroke was similar for both groups,
whereas the rate of restenosis was higher for CAS.

 The Endarterectomy Versus Angioplasty in Patients with Symptomatic Severe Carotid Stenosis
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(EVA-3S) trial [15] showed again a higher incidence of stroke or death at 30 days for CAS. In fact, it
was prematurely stopped due to the excessive death rate in the CAS group. As limitations though,
the heterogeneity of the use of cerebral protection devices, stent types or operator experience
were highlighted.
Taking into account the former trials, ESVS guidelines [1] issued the following recommendations
[Table 2]:
Table 2: Recommendations on revascularization approach issued by the 2017 Clinical
Practice Guidelines of the European Society for Vascular Surgery (ESVS). Table adapted from
these guidelines.

	 
Class
It is recommended that patients who have had carotid stenosis symptoms the preceding 6 months and
I
are >70 years old, would undergo carotid endarterectomy rather than carotid stenting.
In symptomatic patients in the last 6 months and <70 years old, carotid stenting might be considered if the
IIb
peri-procedural death/stroke rate is <6%.

Level
A
A

AHA/ASA guidelines [2] recommendations do not differ from the previously stated.

Which is the Recommended Timing for CAS/CAE After The Onset of
Symptoms?
Evidence derived from randomized control trials [16,17] suggests that CEA should be
performed <14 days after the first symptomatic episode, but it shouldn’t be performed during
the first 48h. In the case of CAS, a metaanalysis performed by the Carotid Stenosis Trialist’s
Collaboration (CSTC) [18] and which included CREST [9], ICSS [11,12], SPACE [13] and EVA-3S
[15], led to the conclusion that CEA was a better alternative than CAS if the revascularization took
place in the first 7 days of the onset of symptoms.
There are some special situations that should be addressed separately:

→ In patients with a severely disabling stroke chances of hemorrhagic transformation are higher
[19].
→ Patients with an evolving stroke and an affected area <1/3 could be considered for an urgent
CEA (during the first 48h) [20].
→ In those patients who have received intravenous thrombolysis, revascularization can be
performed during the first 14 days if they meet certain criteria [Table 3] [21].
Thus, ESVS [1] recommendations are as follows [Table 3]:
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Table 3: Recommendations on timing of revascularization issued by the 2017 Clinical
Practice Guidelines of the European Society for Vascular Surgery (ESVS). Table adapted from
these guidelines.
In symptomatic carotid stenosis of 50-99%, if revascularization is indicated, it should be performed within
the first 14 days of onset
If revascularization is indicated during the first 14 days, carotid endarterectomy should be performed rather
than carotid stenting.
Patients with a disabling stroke (modified Rankin score of 3 or more), with an infarction area greater than
one third or with altered mental status, should not undergo an early revascularization.
Patients with 50-99% stenosis and an evolving stroke could be considered for an urgent endareterectomy
(<24h).
Early endarterectomy could be considered after intravenous thrombolysis in patients with good neurological
recovery (Rankin 0-2), infarction area < 1/3, with a recanalised middle cerebral artery, 50-99% carotid
stenosis and no hemorrhage conversion or no significant cerebral edema.
In former patients, intravenous heparin or antiplatelet therapy must be stopped during the first 24h after
intravenous thrombolysis. But antiplatelet therapy should be reinitiated before carotid revascularization.
Postoperative hypertension has to be aggressively treated to avoid parenchymal hemorrhage.

Class

Level

I

A

I

A

I

C

IIa

C

IIa

C

I

C

AHA/ASA guidelines [2] do not contradict the previously stated.

How Must we Optimize Patients Before Carotid Revascularization?
Numerous guidelines include recommendations about the best medical treatment for this kind
of patients. The American Heart Association (AHA) guideline on perioperative cardiovascular
evaluation and management of patients undergoing non-cardiac surgery [22] and the European
Society of Cardiology (ESC) and the European Society of Anaesthesiology (ESA) guidelines on
non-cardiac surgery [23] developed recommendations on best preoperative management for
non-cardiac surgery. More specific guidelines are the AHA/ASA guidelines on the Management of
Patients With Extracranial Carotid and Vertebral Artery Disease [2] and the European Society for
Vascular Surgery practical guidelines [1] on the same matter (mentioned elsewhere).
For practical purposes, we are going to show the recommendations of ESVS guidelines [1] and
discuss the differences with the AHA/ASA guidelines [2], as previously done.
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Antiplatelet therapy
Table 4: Recommendations on antiplatelet treatment issued by the 2017 Clinical Practice
Guidelines of the European Society for Vascular Surgery (ESVS). Table adapted from these
guidelines.

	 
Patients with symptomatic 50-99% carotid stenosis not undergoing revascularization should initiate antiplatelet
therapy. First choice treatment: clopidogrel 75mg/daily or aspiring 75mg/daily + dipiridamol 200mg/twice a day
All patients receiving carotid endarterectomy should receive treatment with low doses of aspirin (75-325mg
daily) throughout the perioperative period.
If carotid stenting is to be performed, patients should receive dual antiplatelet therapy with clopidogrel (75mg)
and aspirin (75-325mg).
It is not necessary to maintain a long-term dual antiplatelet therapy after either CEA or CAS, unless indicated
for cardiac pathology.

Class

Level

I

A

I

B

I

B

III

C

AHA/ASA guidelines [2] differ from the previously exposed in that they do recommend longterm dual antiplatelet as well as single antiplatelet therapy after CEA or CAS (IB). Dosages slightly
differ from ESVS guidelines.

Other medical recommendations

→ Patients with symptomatic carotid artery disease should be treated with statins to
prevent stroke or other cardiovascular events (IA). Statins must be initiated before carotid
revascularization and should not be discontinued afterwards (IB) [1,2].
→ Hypertension should be controlled with antihypertensive drugs (IA), but we must be cautious
with aggressive treatment immediately after carotid revascularization (IIa C) [1,2].

→ Diabetic patients with symptomatic carotid artery disease must undergo strict glycemic
control (IC), with target pressure levels < 140/85 (IB) [1,2].
→ Smoking cessation should be encourage (IB) [1,2].

INTRAOPERATIVE ANESTHETIC MANAGEMENT
In the following section we are going to develop the optimal anesthetic management for CEA
and CAS, specifying the differences between both procedures when needed.

Choice of anesthesia

The decision of the anesthetic technique remains at the discretion of the surgeon and
anesthesiologist and also the patient’s peculiarities and preferences. In general terms, CEA is
performed under general or regional anesthesia while CAS is carried out with sedation.

General Anesthesia

There are not conclusive data that demonstrate one technique, general or local/regional
anesthesia is superior to another. The data from The American College of Surgeons National
Surgical Quality Improvement Program were utilized by two large, retrospective, observational
studies. Leichtle et al. analyzed data on 26.070 patients who underwent CEA and concluded
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that general anesthesia is an independent risk factor for postoperative myocardial infarction
compared with regional anesthesia [24]. Additionally, Schechter et al. evaluated data on 24.716
patients who underwent CEA and found that anesthetic technique does not influence outcomes
after CEA, but may impact overall cost of care [25].
Usually, during general anesthesia agents that provide a suitable hemodynamic control are
preferred in order to avoid disarrangements in brain perfusion and minimize myocardial stress.
Besides that, anesthetic drugs should provide fast emergence, thus allowing early neurological
examination. Sevofluorane and Desfluorane seem to have a good anesthetic profile as they result
in quicker extubation and recovery times. Regarding Nitrous Oxide, a subgroup analysis from
GALA trial showed that this agent is not related to increase vascular risk when it is compared with
local anesthesia for carotid surgery; however, it continues to be a point in question [26]. Regarding
intravenous agents, Propofol is a good alternative for carotid surgery due to its neuroprotective
profile.Finally, there are other agents such as Remifentanil which has some interesting features
such us smoother and faster emergence and predictable offset [27], what makes it advantageous
in this kind of procedures.

Sedation

Sedatives are useful in both CEA and CAS to supplement regional anesthesia. Different
sedatives are used in order to decrease anxiety and, at the same time, preserve mental alertness
and communication with the patient. For instance, Dexmedetomidine has a proper profile
since it provides patient sedation and analgesia without respiratory depression. Nevertheless,
the anesthesiologist should take into account that this agent could produce hypotension
and bradycardia. Propofol and Remifentanil are also suitable options in sedation for carotid
revascularization since they are related to low myocardial ischemia rate.

Regional Anesthesia

Regional anesthesia for carotid surgery can be carried out by cervical plexus block or cervical
epidural.

Cervical Plexus: Cervical plexus is formed by the first four anterior rami of the cervical
spinal nerves, after their emergence from the vertebral column and is divided in superficial and
deep branches. The first cervical spinal nerve gives motor innervation and is of little interest to
locorregional anesthesia. The superficial cervical plexus supplies sensitive innervation to the skin
and superficial structures of the neck, head and shoulder, while deep cervical plexus provides
motor innervation to deeper structures such us muscles of the anterior neck and diaphragm.
Traditionally, cervical plexus blocks have been placed using landmarks. However, ultrasound
is becoming a safer and more usual technique. On the other hand, despite of an appropriate block,
more than half of patients require additional local anesthetic administration by the surgeon.
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a)

Landmark technique

Deep cervical plexus block: a line is drawn over the posterior border of sternocleidomastoid
muscle between the mastoid process and the transverse process of the sixth cervical vertebra
(Chassaignac tubercle), that can be palpated just below the cricoid cartilage. C2, C3 y C4 are
located at 2 cm, 4 cm and 6 cm from to the mastoid process, respectively. The needle is inserted
a little caudally and posteriorly until it contacts the posterior tubercle of the transverses process.
At each level 3-5 ml of local anesthetic are administered, although it is possible to perform a single
injection at C3. This block is more frequently related to serious complications due to its proximity
to spinal nerves and vascular structures (Figure 1).

Figure 1: Deep cervical plexus landmarks. Image provided by the author MP: Mastoid
Process.

Superficial cervical plexus block: the needle is inserted in the midpoint of the line described
above, in the posterior border of sternocleidomastoid muscle and then redirected cephalad and
caudally. Approximately 20-30 ml of local anesthetic are injected subcutaneously.
b)

Ultrasound technique

Nowadays, regional anesthesia guided by ultrasound is more common due to its safety and
quality. Spreading of the local anesthetic can be visualized needing less local anesthetic.
Deep cervical plexus: The neck is scanned in pursuit of the posterior transverse processes of
C2, C3 and C4, which appear as hyperechoic images with acoustic shadowing. Like in the landmark
technique, the needle is advanced until it contacts with the vertebral process and 3-5 ml of local
anesthetic are administered at each level (Figure 2). The vertebral artery can be visualized by
ultrasound, thus decreasing the risk of a vascular complication.
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Figure 2: Deep cervical plexus. TP: Transverse process. Image provided by the author.

Superficial cervical plexus: A linear transducer is place transversely at the midpoint of
sternocleidomastoid muscle. The superficial cervical plexus is visualized, in the posterior border
of this muscle, as a small collection of hypoechoic nodules underneath the prevertebral fascia and
immediately above of the scalene groove (Figure 3). Either in-plane or out-of-plane approach can
be used and 10-15 ml of local anesthetic are distributed in this plane [28].

Figure 3: Superficial cervical plexusCP: Cervical plexus, SMM: Scalenus medius muscle. SCM:
Sternocleidomastoid muscle. IYV: Internal jugular vein, CA: Carotid artery. Image provided by
the author.

Nonetheless, cervical plexus block has transient adverse effects such us recurrent laryngeal
nerve block (hoarseness), Horner’s syndrome, cough, facial palsy and dysphagia [29].

Additional to the cervical plexus, cervical epidural may be useful for carotid surgery.
The catheter is placed at C6-C7. This neuroaxial block is related with block failures and risky
complications such us hypotension, bradycardia, respiratory depression, dural tap, spinal cord
damage, among others. This makes cervical plexus block the preferred modality [28, 30].
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Monitoring
Patients who undergo carotid revascularization are monitored following the standard

American Society of Anesthesiologists (ASA) recommendations, confirmed by both the AHA
guidelines on perioperative cardiovascular evaluation and management of patients undergoing
non-cardiac surgery [22] and the ESC/ESA guidelines on non-cardiac surgery [23]):

1. EKG identifies myocardial ischemia

2. Invasive arterial pressure allows for hemodynamic control.

3. If general anesthesia is needed, we must ensure proper mechanical ventilation that provides
normocapnia and therefore a normal cerebral perfusion.

4. Normothermia should be maintained considering that both hypothermia and hyperthermia
are related with poor outcomes.

Patients with depressed ventricular function require a more advanced monitoring.

Neuromonitoring

Carotid clamping during CEA and balloon inflation during CAS can cause a decrease in cerebral

blood flow. Hence, continuous assessment of the neurologic state in carotid surgery is essential
in order to preserve a normal brain blood supply. Modifications in the neuro-monitor suggest the

necessity of an intervention, either increasing blood pressure, establishing a shunt or even with
a cross-clamp release.

Cerebral perfusion may be evaluated using different monitoring techniques. However, it is

unclear which method is the best and does not exist homogeneous criteria to determine brain
ischemia. Monitoring devices include:

→ Transcranial Doppler Sonography analyzes the blood flow velocity in the middle cerebral artery;
it is useful not only for detection of cerebral hypoperfusion but also in detecting embolism.

→ Stump pressure measurement reflects the perfusion pressure transmitted to the Circle of Willis.
Although there is not unanimity, pressures above 50 mmHg are considered appropriate.

→ Near Infrared Spectroscopy (NIRS) measures cerebral regional oxygenation non-invasively and
continuously. A saturation decrease of 12% means low cerebral flow.

→ Electroencephalography (EEG) assesses electrical activity of cortical brain areas. Normal
pattern changes rapidly during ischemic periods. This is the most used monitor to detect
ischemia, but its accuracy could be affected by anesthetic drugs and hypothermia.

→ Somatosensory Evoked Potentials (SSEPs) evaluate the cerebral electrical activity after

peripheral stimulation. An alteration in the cerebral waves, such as decreased amplitude
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or increased latency, indicates a deficient perfusion. Thus, unlike EEG, SSEPs can detect
subcortical ischemia [27, 31].

All the previous neuro-monitoring methods are applied when the patient is under general
anesthesia. The use of regional anesthesia allows for a continuous evaluation of the neurological
state of the awake patient and provides an early detection of hypoperfusion [31]. Nevertheless,
not all patients are candidates to perform this technique, as it requires patient cooperation.
Confusion, agitation, seizures, unconsciousness or contralateral motor weakness will be detected
if an inadequate perfusion occurs.

Thus, the decision of which monitor to choose depends on the availability, surgical team
experience with a specific monitor and patient’s characteristics.

Hemodynamic management

Under general anesthesia relative hypotension is seen intraoperatively, while hypertension
is common in the postoperative period. Conversely, when regional anesthesia is performed
hypertension is more frequent during cross-clamping period, whereas hypotension is more
frequent afterwards [32, 33].

In CEA, cross-clamping is associated to ischemic risk. Therefore, systolic blood pressure
should be maintained normal or 20% above patient’s baseline to enhance collateral blood flow
[27]. This measure has been related to a lower risk of early postoperative cognitive dysfunction
[34]. However, it can be associated with cardiac complications. After flow reestablishment, blood
pressure should be maintained normal or mildly low to prevent hypoperfusion syndrome.
Short acting vasoactive drugs are useful to treat blood pressure disorders. Hemodynamic
alterations may suggest complications such as hypoperfusion, embolism and artery dissection.
Bradycardia and hypotension are seen during direct carotid sinus manipulation in CEA or balloon
inflation in CAS and they are usually treated with atropine.

Anticoagulation

With the purpose of decreasing thromboembolic complications, unfractionated heparin is
administered before the establishment of cross-clamping in CEA and before balloon angioplasty
and stenting in CAS. Either, fixed doses of 5000 units or weight-based doses of 1mg/kg [35] are
used to achieve an ACT of approximately twice the baseline value (250 - 300 s). Protamine may
be used to completely or partially reverse the anticoagulation, if needed.

PERIPROCEDURAL COMPLICATIONS OF CAROTID ARTERY
REVASCULARIZATION
Complications related to techniques of carotid revascularization (CEA and CAS) have
significantly declined over the years because of the advances in intraoperative management
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and postoperative care [36]. Multiple factors can influence in the occurrence of perioperative
complications, such as the surgeon´s experience, the type of technique and the patient´s
comorbidities. In this section, we will describe the potential complications observed after carotid
revascularization.

Stroke

The incidence of this complication is higher in patients undergoing CAS (with a 30-day range
of 6 to 9% in symptomatic patients; 2 to 4% in asymptomatic ones) [37-39] compared to those
undergoing CEA (less than 5% of strokes in symptomatic patients; 0.25 to 3% in asymptomatic
ones) [40,41]. Still, perioperative stroke represents the second most common cause of death
following CEA [36].
Factors which conditionate poor cerebral perfusion will contribute to perioperative stroke;
such as hypotension, vasospasm, thrombosis, intimal flap, plaque, air or platelet emboli. Besides,
intraoperative use of intraluminal shunt can produce arterial damage and therefore it increases
the risk of stroke after CEA [36].
Neurologic changes in the postoperative period may be the anteroom of ictus and should be
evaluate immediately. Either a Doppler US or direct intraoperative inspection will be performed
to assess if there is an adequate flow through the carotid vascular bed. In addition, a subsequent
CT may be useful to detect intracranial hemorrhage. If there is no hemorrhage, selected patients
will undergo intra-arterial thrombolytic therapy with acteplase or CAS procedure. However, there
are no controlled trials to justify the use of intra-arterial thrombolytic therapy in patients who
develop stroke after CEA. Intravenous alteplase is an independent risk factor for subarachnoid
hemorrhage after CEA [36].

Myocardial infarction (MI)

Several randomized trials have demonstrated that the risk of MI after CEA (0 to 2%) is higher
than after CAS [42,43] This complication is directly associated with several risk factors, such
as previous history of coronary artery disease or peripheral artery disease, advanced age, and
carotid re-stenosis.

Hyperperfusion syndrome

It is an uncommon complication of CEA, with an incidence from 1 to 3% [44]. However, it
represents the first cause of postoperative bleeding and seizures within the 2 first weeks after
CEA [36]. Usually, hyperperfusion syndrome is associated with revascularization of lesions over
80% of stenosis as well as an inadequate perioperative blood pressure control [45].
The mechanism of this complication is associated with a compensatory vasodilatation of small
distal vessels to compensate the reduction of cerebral vascular bed blood flow due to carotid
artery stenosis. Once the normal blood flow is restored after carotid revascularization, these
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vessels are unable to vasoconstrict as they have lost their blood flow auto-regulation, resulting in
elevated postoperative cerebral perfusion pressures.

Clinically, hyperperfusion syndrome typically presents with ipsilateral headache, which
improves on upright posture; and when it associates cerebral edema and hemorrhage, it can
produce focal motor seizures and neurologic changes. Once suspected, a strict blood pressure
control (targeting a SBP <150 mm Hg) and immediate performance of imaging tests (Doppler US,
TAC, MRI) are required. Antithrombotics should also be discontinued [36].

Carotid restenosis

It is one of the most frequent complications after CEA (2.6 to 10% of patients after 5 years of
surgery), with lower rates found when CAS is performed (0.5% to 5%) [46-48]. Thankfully, most
of these patients are asymptomatic and they will be identified during follow-up carotid imaging.

The incidence of this complication can be reduced by acting over several risk factors, such as
smoking, hypertension, hyperglycemia, hyperlipidemia and elevated creatinine [49]. In addition,
female sex has also been associated to carotid restenosis, probably due to the smaller size of this
vessel in this group of population [48].
Time of presentation of carotid restenosis following CEA is related to the mechanisms that
produce this complication [50], dividing the patients into two different groups:

→ Those presenting with an early carotid restenosis (within two or three years after CEA),
explained by an intimal hyperplasia. It is rarely associated with cardiovascular embolism.

→ Patients presenting with a late restenosis (more than two or three years after CEA), due to
the progression of vascular atherosclerosis. It is frequently associated with plaque source
embolism.

Re-intervention is only necessary in high-grade restenosis, with a decrease of 80% or higher
of carotid blood distal flow, as well as patients who associate neurologic symptoms. There is
not enough evidence to support CEA or CAS as the recommended therapy for postoperative
carotid restenosis. A systematic review which evaluated 4399 patients who underwent carotid
intervention for treatment of restenosis after CEA, showed no significant differences in 30day mortality, stroke or transient ischemic attack between patients who underwent CEA and
those who underwent CAS [51]. However, the incidence of cranial nerve injury after CEA was
significantly higher than after CAS, although most of the cases where self-limited and solved
within the first 3 months after surgery.

Cervical hematoma

This complication is associated with patients undergoing CEA. In severe cases, it can lead to an
acute airway obstruction, which may be life threating and requires an immediate re-exploration
of the neck wound in the operating room. Patients receiving anticoagulant or antiplatelet therapy
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and those with uncontrolled postoperative hypertension have higher risk of developing this
complication [52].

Cervical infection

It is an unusual complication after CEA, and can be manifested as surgical site infection or a
parotitis.

Wound infections are usually superficial and normally respond well to antibiotic therapy.

Surgical site closure with prosthetic patch has been associated with an increased risk of wound
infection in several reports [53], justifying the use of prophylactic preoperative use of antibiotics
in these patients.
Deep wound infections are much less common and usually present with neck swelling and
infected drainage in early stage. If it is a late complication can show up with a pulsatile neck mass
due to pseudoaneurysm or a draining sinus tract.

Cervical infections are initially managed with empiric antibiotic therapy directed to gram
positives, until definitive culture results and antibiotic sensitivities are obtained. For refractory
patients, carotid artery ligation, arterial reconstruction with autogenous vein or bypass may be
indicated [53].

Cranial nerve injuries

Surgical manipulation, accidental section or compression caused by local edema, hematoma or
inflammation can result in nerve injury after CEA procedures. Nerve injuries are mostly transient
and can occurred in approximately 5% after CEA [54]. Urgent or long (>2 hours) surgery and
perioperative stroke may increase the risk of suffering this complication.

Among the potential nerve injuries, the hypoglossal nerve is the most frequently involved
(2.7%), followed by the facial nerve (1,9%), the vagus nerve (0.7%) and the glossopharyngeal
nerve (0.7%) [50]. Horner syndrome (miosis, ptosis and anhidrosis) is rarely observed following
CEA. Besides, the “first bite syndrome” is a documented complication of CEA due to surgical
sympathetic denervation of the parotid gland and it is clinically manifested by ipsilateral pain in
the parotid region after first bite of the meal. It can be treated with botulinum toxin injection [55].

Specific complications following CAS

Among the specific complications of patient who undergo CAS, access-related complications
(infection, bleeding, pseudoaneurysm, athero-embolization of lower limbs) are one of the most
common ones. The incidence of femoral pseudoaneurysm is approximately 3% [56] and it is
associated with an inadequate compression of the puncture site after the procedure, high body
mass, peripheral arterial disease, age >65 and antiplatelet therapy during the intervention.
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Furthermore, renal dysfunction after CAS is likely related to contrast administration or
alternatively to renal thromboembolism. It is frequently associated with preoperative renal
dysfunction or diabetes.
Stent fracture can also be observed after CAS, but its clinical significance is unknown. In a
recent prospective study with 1021 patients treated with CAS, stent fracture was not associated
with in-stent re-stenosis or increase in serious adverse clinical outcomes (death, stroke, MI)
[57]. The risk of developing this complication is higher in patients with presence of intra-arterial
calcification in the place where the stent was inserted [58].

CONCLUSIONS

Symptomatic artery stenosis is a potentially serious disabling disease. Current Guidelines
favor CEA over CAS in the majority of patients, though there are some clinical trials that have yet
to be concluded. The anesthesiologist must know all the possible peri-procedural complications in
order to provide the best care. However, further research would be beneficial in order to improve
patients’ outcomes.
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