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Abstract

Carotid stenosis is an issue of enormous clinical and social relevance, so the scientific literature about
this subject is very large. The intent of this review is to make a brief review of this entity to subsequently
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address it from the point of view of the anaesthesiologist who meets her in the operating room, in order

to provide some idea of the impact of this entity, the indication of intervention, the possibilities for them,
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monitoring during the process and the different plausible anaesthetic techniques.
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Epidemiology

The importance of carotid stenosis approach lies in the relationship
it has with ischemic stroke, since it is present in 10-20% of all of them.
This is of magnitude when we know that in Western countries, stroke
is the third leading cause of death, behind only heart disease and
cancer, with a mortality ranging from 10 to 30%, having survivors
risk of recurring ischemic cardiac or neurologic events, so much so
that is the leading cause of disability. The prevalence of stenosis in the
internal carotid artery (ICA) is high and furthermore increases with
age, in fact more than 50% stenosis rises from 0.5% in people aged
between 50 and 59 years to 10% in those over 80 years. The primary
mechanism involved in stroke in patients with carotid stenosis is
embolism of atherosclerotic or thrombotic waste material from the
plate to the distal cerebral vasculature. Infiltration of inflammatory
cells on the surface of carotid plaques can play a key role in causing
plaque rupture and embolization or occlusion of the carotid and also
hemodynamic factors are correlated with increased risk of stroke in
patients with carotid stenosis [1,2,3]. Of all the factors studied, the
degree of arterial stenosis has emerged as the most directly related
to the increased risk of stroke. Any diagnostic strategy, whatever the
technique used, should have as its primary objective to determine, in
the most accurate way, the amount of this stenosis [4].

In the NASCET study the risk of ipsilateral recurrent stroke in
patients with symptomatic carotid stenosis treated conservatively
was 4.4% per year for patients with stenosis between 50 and 69%
and 13% per year for those with 70% stenosis. The risk in patients
with asymptomatic stenosis of 60% was around 1-2%, but could rise
to 3-4% per year in elderly patients or in the presence of stenosis or
occlusion of the contralateral artery, evidence of silent embolization
in an imaging test, heterogeneity of the carotid plaque, poor collateral
circulation, generalized inflammatory state or peripheral or coronary
artery disease associated [5].

Treatment

Medical versus interventional treatment

Given the above discussion, we will assume that the main objective in
the treatment of carotid stenosisis the prevention of ischemic strokeand
its aftermath, regardless of the type of patient, the presence or absence
of symptoms and the degree of stenosis. However, despite the clarity of
the target it is unclear what therapeutic option to choose among only
medical treatment or revascularization and, in the latter case, between
endoluminal or surgical treatment. We will be guided in this review

by the latest clinical practice guidelines of the Society for Vascular
Surgery (Updated Society for Vascular Surgery (SVS) Guidelines)
[6], considering that these guidelines place more emphasis on stroke
prevention in the prevention of ischemic heart disease, on the grounds
that according to the CREST study, stroke has shown greater impact
on quality of life of the patient than nonfatal myocardial ischemia [7].

The major determinants of the clinical course are the presence or
absence of neurological symptoms and the degree of stenosis. The
threat of ischemic stroke in asymptomatic patients with stenosis less
than 60% and with symptomatic stenosis of 50% is small and generally
not justifies intervention. NASCET and ECTS studies concluded that
carotid endarterectomy (CEA) in symptomatic patients with stenosis
less than 50% did not improve the rate of ischemic stroke and even
increased morbidity of patients against medical treatment. Stenosis
below 60% in asymptomatic patients was excluded from studies
because it is considered that such a scenario does not benefit from
carotid reconstruction [6].

Medical versus interventional treatment

The decision between the two types of intervention is also
controversial because, there are no published trials with sufficient
power, although in general, and without exceeding the limits of this
review, we can draw some recommendations [6].

L. Neurological symptoms and less than 50% stenosis or
asymptomatic stenosis less than 60%: optimized medical
treatment.

2. Any patient susceptible of intervention, CEA would be made
better than SCA, with the intention of reducing the risk of
stroke and death.

3. It is preferred CEA over CAS in patients over 70 years, with
lesions larger than 15 mm, preocclusive stenosis or lipid-rich
plaques.
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o It is preferred CAS over CEA in symptomatic patients with
stenosis of 50% and tracheal stoma, situations where there are
fibrosis or scarring in local tissues as a result of previous surgery
or radiotherapy, in previous cranial nerve injuries and injuries
that lower the level of the clavicle or rise above the level C2.

o It is preferred CAS over CEA in symptomatic patients with
greater than or equal to 50% stenosis, and severe coronary
and uncorrectable disease, congestive heart failure or chronic
obstructive pulmonary disease (COPD).

o Patients without neurological symptoms considered high risk for
CEA should be considered for medical treatment. They will be
considered for CEA when evidence of perioperative morbidity
and mortality is less than 3%. The CAS should not be performed
in these patients.

o  There are insufficient data to recommend CAS as the first
therapy for neurologically asymptomatic patients with stenosis
of 70 to 99%. SCA could be equivalent to CEA in well-selected
cases in centres with sufficient experience, with a combined rate
of ischemic stroke and death below 3%.

CAS candidates CEA candidates

Anatomical factors | Lesion above C2 lipid-rich soft plaque

Below collarbone further injury to 15
injury mm

Reoperation after
previous CEA

preocclusive injury

Cervical stoma severe
circumferential

Calcification

Previous cervical
radiotherapy

aorto-iliac tortuosity

Previous ablative
cervical surgery

Great angulation of
the aortic arch and
carotid artery

heavily calcified
aortic arch or with
severe atherosclerosis

Pathophysiological | Heart disease

factors

Patient over 80 years

Contralateral vocal
cord paralysis

Table 1: Anatomical factors, Pathophysiological factors among CAS
| candidates and CEA candidates.

\ /

However it is noteworthy that the recommendations we have
followed are indicative, based on this clinical practice guideline and
that there are review papers comparing the different guides and
finding in them some differences [8].

Monitoring cerebral ischaemia

Both carotid clamping during CEA as balloon inflation during
the stenting can cause a cessation in blood flow, especially in an
already diseased carotid artery. At such times, the ipsilateral to the
technique cerebral perfusion depends on the contralateral flow,
so if this is inappropriate, appears tissue ischemia. In addition, the
rupture of atherosclerotic plaque or other surgical debris can lead to
the appearance of embolic ischemic events, if they are accidentally
dragged into the cerebral circulation. Thus, brain tissue is susceptible
to ischemic injury during the development of this surgery.

However, not all episodes of cerebral ischemia conclude in ischemic
stroke, the outcome depends on the severity, duration and location of
the ischemic insult [9]. Thus, it is crucial to monitor intraoperative
ischemia to reverse it immediately, with the aim of minimizing the
severe ischemic lesions.

There are various monitoring methods with its advantages and
disadvantages, and we will try to go over them.

Awake patient

The most reliable monitoring of cerebral ischemia is the continuous
assessment of neurocognitive function in the awake patient, given
the sensitivity of brain tissue even to very brief periods of ischemia
and hypoxia [10,11]. This type of monitoring requires us to carry out
the operation under local or regional anaesthesia. Monitoring will
include neurological status, orientation, language, muscle strength,
sensation and calculation. The main advantage of this monitor is
its sensitivity and specificity, even resulting in a cohort study more
sensitive and specific identifying candidates for shunting than the
electroencephalography (EEG) and the stump pressure [12,13].

Electroencephalography

In an episode of ischemia, the waves are affected appearing as
a slowdown, attenuation or loss of signal, however, they can also
be affected by hypothermia or anaesthetic agents. Furthermore
electroencephalography it detects only processes in the cerebral
cortex and may be affected due to previous stroke. To this is added,
the complexity of this technique, causing little acceptance in routine
practice [16]. Despite this, it has been reported as reliable predicting
the need for arterial shunt in certain studies [14].

The BIS as processed EEG for detection of ischemia has not shown
sufficient evidence, generating even paradoxical values during carotid
clamping [15,16].

Somatosensory and motor evoked potentials

Somatosensory evoked potentials (SSEP) measure the brain's
response to peripheral stimulation through somatosensory pathways.
Thus, improve over the prior technique the ability to monitor deeper
structures than the cerebral cortex [17]. A reduction of over 50%
amplitude and / or a prolongation of latency above 10% are considered
significant [18].

Using transcranial motor evoked potentials (tcMEP) has also been
postulated as a tool for detecting ischemia, considered clinically
significant an increase greater than 50% in amplitude, or presence /
absence of the same. Several studies conclude that they are useful as
adjuncts to other monitoring methods [16].

Note that both types of evoked potentials study only the integrity
of their own way, so that they would leave the other structures
unmonitored.

Transcranial doppler

This tool measures the velocity of blood flow in cerebral arteries,
such as the middle cerebral artery (MCA). Thus, a reduction of flow in
the MCA suggests cerebral ischemia, considering that different ranges
have been proposed to be considered clinically significant. Besides
this, it is the only effective technology in detecting micro-emboli
during CEA [19-22].

Int J Surg Surgical Porced

IJSSP, an open access journal
Volume 1. 2016. 105


http://dx.doi.org/10.15344/ijssp/2016/105

Citation: Escalona Belmonte J], Biteri Martinez De Iturrate A, Guerrero Orriach JL, Ramirez Fernandez A, Ramirez Aliaga M Rodriguez Capitan MJ, et al. (2016)
Carotid Stenosis and Anaesthesia. Int ] Surg Surgical Porced 1: 105. doi: http://dx.doi.org/10.15344/ijssp/2016/105

Page 3 of 9

Carotid stump pressure

This technique involves puncturing the common carotid and
pressure measurement at that level after the distal clamping of the
external carotid and proximal of the common carotid. In this way,
we can evaluate the perfusion pressure which provides the posterior
circulation and circulation of the opposite side. The limits defined
vary widely among different studies, thus extreme values may be the
most useful indicators, this is less than 25 or greater than 50 mmHg.
Its sensitivity and specificity are around 75 and 88% respectively.
Despite being useful and simple, there is no clear evidence to support
its use [16, 25-28].

Near infrared spectroscopy (NIRS)

Cerebral oximetry based on this tool measures oxygen saturation of
haemoglobin in arterial, capillary and venous mixed blood (SctO2),
which decays due to ischemia from the carotid clamping or balloon
inflation in the case of CAS. It has also shown its correlation with
EEG changes, transcranial Doppler, carotid stump pressure and
postoperative neurological deficits [29,30-33]. The sensitivity of this
test ranges from 30 to 100% according to various studies and its
specificity between 77 and 98% [29,30-36]. The limit value is not well
established, although several studies suggest a decrease of 11.7-25%
above baseline value [29,30,34-36]. This method has the advantage of
being non-invasive, continuous and easy to interpret but the fact of
collecting information of the frontal lobe, behaves as a disadvantage
as it leaves the parietal lobe unmonitored, being the most sensitive
lobe to ischemia during carotid surgery [34].

Other techniques

Other techniques have been described, such as the lactate difference
between artery and jugular vein, the oxygen saturation of venous
jugular bulb or xenon-133 techniques with different sensitivities and
specificities, but are expensive techniques and complicated to perform
and interpret, so they are not accepted in daily clinical practice [37,
38].

Recent publications support the possibility of combining several
monitoring systems in order to improve the sensitivity of these
methods, such as the combination of EEG and SSEP where the
possibility of occurrence of changes during ischemia is 17 times
higher than using the same isolation methods [39,40]. Another
example published, is the combination of MEP with NIRS [41].

Carotid Shunt

The use of shunt during carotid clamping has also been the subject
of several studies. The shunt, on the one hand, ensures correct flow
in the distal internal carotid artery during carotid clamping, but on
the other hand increases the risk of complications, and difficult the
endarterectomy. So there are several publications advocating selective
or routine use or non-use. The Cochrane Library has conducted meta-
analyses with different upgrades including quasi and randomized
trials published until 2013 comparing the use of routine shunting
with no shunting or selective shunting and have not found statistically
significant results in favour of any of the options, keeping all of them low
rates of perioperative ischemic stroke [42]. We should note that they
have been described different complications during insertion of the
shunt as the possibility of distal carotid dissection, pseudo aneurysm,
air or atheromatous distal embolization, acute arterial occlusion,

nerve damage, hematoma, infection and even long-term restenosis [
43, 44, 45]. The guides belonging to international societies of Vascular
Surgery, allow the surgical team to choose the placement or not of
the shunt according to professional experience. Zogogiannis et al. [46]
conducted a prospective, randomized controlled trial to evaluate the
usefulness of NIRS for intra-operative decision of shunting or not,
dividing the patients in three groups depending on NIRS's use. Group
A for shunt placement or not depending on NIRS values, group B for
algorithm development based on NIRS and group C, without NIRS.
They found in this study a decrease in the use of shunt with the use
of the algorithm, although they found no difference in neurological
outcome of patients. We will perform an adaptation of this algorithm
as a possible proposal for action.

Vs N

| Figure 1: Algorithm for study, use of shunt during carotid clamping.

\ /

Anaesthetic technique

Both general anaesthesia (GA) and regional anaesthesia (RA)
are equally valid for techniques of CEA and CAS. Ideally, the
anaesthesiologist should be comfortable with both options because
one of them could have advantages over the other in certain patients
because of medical, surgical or patient specific reasons.

In either option, early and complete cooperation of the patient in the
neurological examination is important for early diagnosis of ischemic
events that have occurred during the development of the intervention.
It is also important to maintain hemodynamic avoiding large changes
in blood pressure and / or heart rate during the procedure [46].

General anaesthesia

General anaesthesia has advantages and disadvantages. Among
the first we have control of ventilation and normocarbia, control of
the airway and immobility and patient comfort. Among the latter we
found a reduction in sympathetic and baroreceptor activity causing a
dose-dependent drop in cardiac output and blood pressure [47], and
also as disadvantage, we found a possible masking of neurological
complications in the immediate postoperative period given the
residual effects of general anesthesia [48].
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During the procedure should be monitored electrocardiogram,
heart rate, arterial oxygen saturation by pulse oximetry, exhaled
carbon dioxide and invasive blood pressure. The channelling of
central venous access is not necessary and may even lead to puncture
of the contralateral carotid artery if you attempt to channel the
internal jugular vein with the consequences that this would entail, in
a patient with such dependence on cerebral blood flow contralateral
to the operated side.

Endotracheal intubation is more convenient in patients undergoing
general anesthesia TEA due to limited access to the airway during this
procedure, even when ASC allows considering the convenience of
using a laryngeal mask airway (LMA). The endotracheal tube secures
the airway and allows a reliable controlled mechanical ventilation
throughout the procedure. It can nevertheless cause sympathetic
stimulation and tachycardia, hypertension and myocardial ischemia
as a result of this in high risk patients. Moreover cough and
hypertension may occur at extubation causing problems in the suture
lines, carotid hematoma with compression of the airway in the TEA
or a femoral hematoma after ASC [49]. Furthermore, the ipsilateral
brain is no longer protected by carotid stenosis against perfusion
pressure sudden increases that can occur at this stage. The ML has
been associated with less hemodynamic lability during induction [50].
During TEA however there is greater chance of dislodging an LMA
that an endotracheal tube, or puncturing the pneumo-tamponade
given its closeness to the surgical field.

Normocapnia must be maintained during general anesthesia.
Permissive hypercapnia has been proposed as a method for increasing
cerebral blood flow and mitigate the possible cerebral ischemia caused
by carotid clamping [51]. It were however detected adverse reactions
in patients who experienced intracerebral vascular "steal" during
hypercapnia [52,53].

Theideal anesthetic should not interfere with cerebral autoregulation
during changes in cerebral perfusion pressure. Intravenous anesthetics
are used both as volatile agents for maintenance of anesthesia, having
like propofol theoretical neuroprotective effects [54]. Propofol and
sevoflurane produce a similar reduction in brain metabolism, but the
flow and cerebral blood volume are lower when using the first one,
but we must clarify that certain studies indicate that in fact propofol
and sevoflurane at a concentration up to 1 CAM produced similar
reductions in cerebral blood flow and metabolic rate [55,56].

Since both carotid TEA and ASC are usually less than 90 min short
procedures it is useful to use short-acting medication as remifentanil
for a quick eduction and neurological examination. The use of large
doses of long/half-life opioids may produce a slow awakening and
impaired neurological evaluation after procedure. Ketamine should be
avoided because of its ability to increase brain metabolism, stimulate
the release of adrenergic substances and interact with the neurological
monitoring [57]. Nitrous oxide (N20) should be avoided for its ability
to increase cerebral metabolic rate and oxygen consumption.

Both TEA and ASC, when AG is done and not depending from the
used agent, it is detected a reduction in sympathetic and baroreceptor
activity, thus resulting a dose dependent decrease in cardiac output and
TA. When TEA is performed, and during carotid clamping, ipsilateral
cerebral ischemia may be precipitated due to the reduced blood
flow in the carotid and/or plaque rupture with distal embolization.
Thus, during clamping, systolic blood pressure should be maintained
20% above the baseline, in order to optimize the collateral cerebral

perfusion [58,59]. We must however keep in mind that increasing TA
also entails a risk of myocardial ischemia, intracerebral hemorrhage
or hematoma in the surgical wound. After unclamping and circulation
restore blood pressure may return to baseline [47].

Other circumstances that we must consider is that during the
performance of ASC, expansion of the balloon and stent placement
in the artery, the endovascular pressure will increase, reducing
sympathetic activity and increasing parasympathetic stimulation,
which can cause bradycardia and hypotension [60].

Locoregional anesthesia

In recent times and with increased longevity carotid surgery is
more frequently indicated in patients with greater comorbidity, and
the use of ALR in these patients seems attractive. ALR options are
the administration of local anesthetics to cervical epidural level and
cervical plexus block (superficial and deep or shallow supplemented
with local anesthesia by the surgeon).

The effectiveness of blocking may be increased by associating local
anesthetics adjuvants as opioid or adrenergic agents. Opioid and
alpha2 receptor agonists such as clonidine improve perioperative
and postoperative anelgesia [61]. Clonidine, unlike epinephrine also
used for this purpose, does not produce tachycardia and does not
mask the adrenergic response during TEA, not damaging the clinical
and neurological monitoring 62]. Fentanyl, used in this way, seems
to improve the quality of the blockade and its duration in patients
undergoing TEA [63].

General anaesthesia

General anaesthesia has advantages and disadvantages. Among
the first we have control of ventilation and normocarbia, control of
the airway and immobility and patient comfort. Among the latter we
found a reduction in sympathetic and baroreceptor activity causing a
dose-dependent drop in cardiac output and blood pressure [47], and
also as disadvantage, we found a possible masking of neurological
complications in the immediate postoperative period given the
residual effects of general anesthesia [48].

During the procedure should be monitored electrocardiogram,
heart rate, arterial oxygen saturation by pulse oximetry, exhaled
carbon dioxide and invasive blood pressure. The channelling of
central venous access is not necessary and may even lead to puncture
of the contralateral carotid artery if you attempt to channel the
internal jugular vein with the consequences that this would entail, in
a patient with such dependence on cerebral blood flow contralateral
to the operated side.

Endotracheal intubation is more convenient in patients undergoing
general anesthesia TEA due to limited access to the airway during this
procedure, even when ASC allows considering the convenience of
using a laryngeal mask airway (LMA). The endotracheal tube secures
the airway and allows a reliable controlled mechanical ventilation
throughout the procedure. It can nevertheless cause sympathetic
stimulation and tachycardia, hypertension and myocardial ischemia
as a result of this in high risk patients. Moreover cough and
hypertension may occur at extubation causing problems in the suture
lines, carotid hematoma with compression of the airway in the TEA
or a femoral hematoma after ASC [49]. Furthermore, the ipsilateral
brain is no longer protected by carotid stenosis against perfusion
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pressure sudden increases that can occur at this stage. The ML has
been associated with less hemodynamic lability during induction [50].
During TEA however there is greater chance of dislodging an LMA
that an endotracheal tube, or puncturing the pneumo-tamponade
given its closeness to the surgical field.

Normocapnia must be maintained during general anesthesia.
Permissive hypercapnia has been proposed as a method for increasing
cerebral blood flow and mitigate the possible cerebral ischemia caused
by carotid clamping [51]. It were however detected adverse reactions
in patients who experienced intracerebral vascular "steal” during
hypercapnia [52,53].

Theideal anesthetic should not interfere with cerebral autoregulation
during changes in cerebral perfusion pressure. Intravenous anesthetics
are used both as volatile agents for maintenance of anesthesia, having
like propofol theoretical neuroprotective effects [54]. Propofol and
sevoflurane produce a similar reduction in brain metabolism, but the
flow and cerebral blood volume are lower when using the first one,
but we must clarify that certain studies indicate that in fact propofol
and sevoflurane at a concentration up to 1 CAM produced similar
reductions in cerebral blood flow and metabolic rate [55,56].

Since both carotid TEA and ASC are usually less than 90 min short
procedures it is useful to use short-acting medication as remifentanil
for a quick eduction and neurological examination. The use of large
doses of long/half-life opioids may produce a slow awakening and
impaired neurological evaluation after procedure. Ketamine should be
avoided because of its ability to increase brain metabolism, stimulate
the release of adrenergic substances and interact with the neurological
monitoring [57]. Nitrous oxide (N20) should be avoided for its ability
to increase cerebral metabolic rate and oxygen consumption.

Both TEA and ASC, when AG is done and not depending from the
used agent, it is detected a reduction in sympathetic and baroreceptor
activity, thus resulting a dose dependent decrease in cardiac output and
TA. When TEA is performed, and during carotid clamping, ipsilateral
cerebral ischemia may be precipitated due to the reduced blood
flow in the carotid and/or plaque rupture with distal embolization.
Thus, during clamping, systolic blood pressure should be maintained
20% above the baseline, in order to optimize the collateral cerebral
perfusion [58,59]. We must however keep in mind that increasing TA
also entails a risk of myocardial ischemia, intracerebral hemorrhage
or hematoma in the surgical wound. After unclamping and circulation
restore blood pressure may return to baseline [47].

Other circumstances that we must consider is that during the
performance of ASC, expansion of the balloon and stent placement
in the artery, the endovascular pressure will increase, reducing
sympathetic activity and increasing parasympathetic stimulation,
which can cause bradycardia and hypotension [60].

Locoregional anesthesia

In recent times and with increased longevity carotid surgery is
more frequently indicated in patients with greater comorbidity, and
the use of ALR in these patients seems attractive. ALR options are
the administration of local anesthetics to cervical epidural level and
cervical plexus block (superficial and deep or shallow supplemented
with local anesthesia by the surgeon).

The effectiveness of blocking may be increased by associating local

anesthetics adjuvants as opioid or adrenergic agents. Opioid and
alpha2 receptor agonists such as clonidine improve perioperative
and postoperative anelgesia [61]. Clonidine, unlike epinephrine also
used for this purpose, does not produce tachycardia and does not
mask the adrenergic response during TEA, not damaging the clinical
and neurological monitoring 62]. Fentanyl, used in this way, seems
to improve the quality of the blockade and its duration in patients
undergoing TEA [63].

1. Cervical epidural

A widely described technique which provides good conditions
for surgery but with significant risks (air embolism, hypotension,
bradycardia, respiratory depression, dural puncture and vascular
puncture), so it must be done by expert hands. It provides surface
plexus and brachial plexus part sensory block.

The effectiveness of blocking may be increased by associating local
anesthetics adjuvants as opioid or adrenergic agents. Opioid and
alpha2 receptor agonists such as clonidine improve perioperative
and postoperative anelgesia [61]. Clonidine, unlike epinephrine also
used for this purpose, does not produce tachycardia and does not
mask the adrenergic response during TEA, not damaging the clinical
and neurological monitoring 62]. Fentanyl, used in this way, seems
to improve the quality of the blockade and its duration in patients
undergoing TEA [63].

2. Cervical plexus blockage

Cervical plexus covers areas from the back of the head to the
collarbone, obtaining an adequate anesthesia for carotid surgery.
There may however be not anesthetized areas in the surgical field
by superimposing of dermatomes, which could demand surgeon
infiltration. In addition, carotid sheath receives innervation of cranial
nerves IX and X, and local infiltration is needed to avoid discomfort
coming from artery section [59].

There are descriptions of superficial or deep cervical plexus
blocking, deep or of a given combination of both. This last option is
widely described in the literature but there is evidence that surface
blocking with additional infiltration of the incision and sedation is
equally effective [64].

Deep plexus blockade is achieved by injections at C2, C3 and
C4 levels, or using a single injection at C3 level. Patient lies supine,
slightly upright with head turned to the contralateral side, the skin
being disinfected and cervical transverse processes palpated, usually
1 cm behind the posterior edge of the sternocleidomastoid muscle
and 1-2 cm deep. Puncture is performed at C3 level, located at cricoid
cartilage level, perpendicular to the skin with slight slope flow to
prevent an intrathecal puncture. Patient may report paresthesia below
his shoulder during the process.

Superficial plexus blockade is technically simpler and has fewer
complications, even when theoretically it may be insufficient to relax
the neck muscles, thus worsening dissection of the deep cervical
musculature. It is achieved by infiltrating local anesthetic along the
posterior edge of the sternocleidomastoid muscle. Local infiltration of
the lower edge blocking afferent facial nerve branches can reduce the
pain which is associated with a prolonged use of the cephalic retractor
in the incision site.
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It has been defined the "intermediate”" blocking as the injection
of local anesthetic between superficial and deep cervical fascias on
the grounds that the last one is permeable [65]. It has the advantage
of avoiding practical difficulties and complications of deep plexus
blockade.

Potential complications associated with cervical plexus block result
in a higher conversion rate to AG [66] and we shall briefly review
them. The vertebral artery is very close to the injection target site (0.5
cm below the end of the transverse process in the spinal canal) and
since it gives a direct supply to the brain, only a small amount of local
anesthetic injected can cause effects on the CNS. Another possible
complication is the unilateral phrenic nerve paralysis, because this is
composed of branches of the III, IV and V cervical nerve roots. This
paralysis is usually well tolerated unless the patient has a severe lung
disease and is dependent of the diaphragmatic function for a correct
breathing [67]. Other complications or side effects include local
hematoma, dysphonia, dysphagia, stellate ganglion block and Horner
syndrome.

Advantages include direct neurological monitoring with the
subsequent option to establish appropriate measures in case
of neurological impairment, a greater hemodynamic stability,
maintenance of cerebral autoregulation and a lower requirement of
shunt.

The most significant benefit is the constant neurological patient
monitoring to detect cerebral ischemia during ACI clamping which
may preview neurological complications. The appearance of new
neurological symptoms such as changes in consciousness, speech or
muscle function after clamping should alert us of a possible ipsilateral
cerebral hypoperfusion which may require a shunt placement.
In addition, while patient awake during clamping neurological
monitoring, surgeon may place the shunt in a safer way than under
general anesthesia indirect monitoring techniques. This way less
shunts are used [68]. We must not forget that some patients under
ALR dont show an immediate neurological deterioration after
clamping, which results in a late shunt insertion which can lead to
longer times of ischemia and shunt insertion under suboptimal
conditions [69]. We must remember anyway that most LCAs are the
result of thromboembolism, not hypoperfusion, occurring during the
reperfusion phase. The placement of a shunt, which can occur with
ALR or AG does not diminish the incidence of embolic stroke [70].

Another aspect to consider during ALR is the reduction of
respiratory complications from the IOT and a lower incidence of
postoperative hypertension, which can reduce the incidence of
cerebral hyperflow syndrome [70,71]. In addition to this, another
possible benefit of local anesthesia would be the increase in systemic
blood pressure that occurs after clamping and its effect on the
maintenance of cerebral perfusion. We must emphasize that it could
also reduce the stress caused by surgery, although other factors (size
of the incision, visceral damage and blood loss) affect this response
rather than the type of anesthesia [68].

Main disadvantages are eliminating potential neuroprotective effect
of general anesthesia, the need for immobility and patient cooperation,
a limited access to the airway, possible complications of cervical block
(subarachnoid injection, intravascular, epidural, phrenic nerve palsy)
and the possibility of having to convert to AG that, particularly under
emergency conditions and lack of control, involves a greater risk [47].

Regional techniques are rarely fully effective for carotid TEA.
In some patients, carotid disease spreads so high that the incision
required extends to tissues innervated by cranial nerves and others
sympathetic afferents cause discomfort when handling the carotid
sheath. Sometimes, you may find jaw, molars or ear pain, which can
be relieved by removing the surgical retractor, supplementing with
local anesthesia or performing a mandibular block 25. Other factors
that must be considered are pain and anxiety during the procedure
under ALR that may increase the risk of myocardial ischaemia,
eventually needing short periods of deep sedation for restless or
uncomfortable patients, especially at the end of the procedure, using
for this different drugs such as midazolam, fentanyl, morphine,
propofol or dexmedetomidine. It seems reasonable to use an infusion
of remifentanil to manage a predictable and reversible sedoanalgesia
during the blockade that allows patient's cooperation. It should
be avoided an excessive sedation because it may complicate the
assessment of neurological status by producing respiratory depression,
hemodynamic instability or altered mental status with a loss of the
patient cooperation [59].

General anesthesia with patient cooperation

It is a neurological AG allowing awake patient monitoring.
Therefore, it has the advantages of the AG and the ALR, cooperation
to take control of neurological functions during surgery and optimal
control of the airway with tracheal intubation. TIVA AG is only
reduced to the remifentanil necessary dose to allow cooperation and
proper endotracheal tube tolerance during clamping. Local anesthesia
may be associated to also provide a postoperatively pain relief [72].

New Horizons (dexmedetomidine, ultrasound)

Sonographic techniques can increase safety by reducing the
complications of this technique and its importance is increasingly
widespread. The advantages of this technique are clear, on the
one hand the direct vision of the nerves and adjacent anatomical
structures, the needle and the spread of local anesthetic (AL) during
the injection, and on the other the ability to detect anatomical
abnormalities and reducing the volume of used AL, also achieving a
higher patient satisfaction as we managed to mitigate the pain caused
by dissection around and inside the carotid sheath, the most common
cause of discomfort during surgery [73].

Two-dimensional technology (2D) ultrasound captures a flat
image, whereas the three-dimensional (3D) technology can provide
information on the entire anatomical region including relationships
of adjacent structures seeing the spread of local anesthetic along
the nerve and identifying better the adjacent structures such as
blood vessels and pleura. In addition, technology 2D ultrasound
only provides the "sign of the donut" as a sign of the spread of local
anesthesia in a plane, in contrast to 3D images that provide data of
960 degrees on the distribution of local anesthesia around nerve [73].

Dexmedetomidine

Dexmedetomidine, an agonist of a-2 receptors, is an ideal drug
as sedation during TEA or ASC conducted under AG or ALR. Due
to their sympatholytic effect and the hemodynamic stability which
it provides, any adverse hemodynamic response can be controlled
during the procedure. In addition there is less respiratory depression
and the patient wakes up easily with verbal stimuli and may cooperate
for neurological assessment. Although dexmedetomidine can
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theoretically decrease cerebral blood flow by inducing some degree
of vasoconstriction in the brain, evidence suggests that is safe and
effective in this context [74-76].

Discussion

Regional anesthesia has been claimed to have a greater advantage
in the strict monitoring of patients which allows detecting cerebral
ischemia during carotid clamplaje and prevent neurological
complications.

GALA is a multicenter study comparing surgery with ALR TEA
AG under the hypothesis that there is a faster diagnosis and better
prevention of perioperative stroke with ALR. With all the biases that
this study presents, it showed that in regard to major perioperative
complications, this is stroke, myocardial infarction and death, there
is no reason to prefer AG against ALR or vice versa. It also showed
no definitive evidence that the choice of a type of anesthesia over
another affects the length of hospital stay or quality of life [68]. There
are also different studies which indicate no significant differences
between AG and AL regarding local bleeding, cranial nerve injury
or pulmonary complications. Data relating to the control of blood
pressure are mixed, but in general terms it seems AL to be more prone
to intraoperative and postoperative hypertension and hypotension,
while AG presents a greater tendency to intraoperative hypotension
and postoperative hypertension. There are not statistically significant
differences between both regarding patient satisfaction [77].

The ideal solution would probably be that surgical and anesthetic
teams were competent in both techniques, and that the type chosen
anesthesia were based on the medical-surgical and standard conditions
of patient anxiety, preference of surgeons and anesthesiologists and
routine and availability center resources [68].

Concerning the neurological monitoring multiple techniques
to monitor cerebral blood flow directly or indirectly have been
used, but none of them has been particularly sensitive for detecting
intraoperative cerebral hypoperfusion, so there is no consensus to
advise an improvement [77]. Iv medication and volatile anesthetics
can alter the interpretation of EEG, SSEPs or MEPs. TIVA anesthesia
is preferred when PEs are monitored, because it has minimal impact
on the evaluation of the neurological signal. It is preferable to avoid
the use of neuromuscular relaxants when using MEPs.

Conclusions

There remains a controversy regarding the use of AG vs. ALR in
carotid surgery. Existing studies suggest that there is not any evidence
that any of both techniques is better than the other one for this type
of surgery, and this demands more randomized controlled trials
comparing local with general anesthesia. In addition, the introduction
of new techniques such as 3D ultrasound or dexmedetomidine may
provide new approaches to this type of intervention. And we also still
need a reliable method for monitoring brain even in patients under
direct monitoring with ALR.
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