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History of Carotid Disease

Sir William Richard Gowers (British
neurologist)

First to link stroke with extracranial vascular
disease in 1875

The first surgical intervention to
relieve atherosclerotic obstruction
of the carotid arteries was
successfully performed by Dr.
Michael DeBakey in 1953 for the
first time, at the Methodist
Hospital in Houston

Dr. Egas Moni, portuguese neurologist and
the developer of cerebral angiography
(Nobel Prize in 1949)



STROKE

• In 2010,  the first two leading causes of 
death, heart disease (597,689 deaths) 
and cancer (574,743), accounted for 
nearly 50% of all deaths. 

• The fourth as the cause of death was 
stroke  



http://www.who.int/cardiovascular_diseases/en/cvd_atlas_16_death_from_stroke.pdf



Incidence of the Various 
Causes of Stroke

STROKE

Atheroembolic
44%

Atrial 
fibrillation 

11%

Other cardiac 
emboli 10%

Small vessel 
21%

Intracranial 
hemorrhage 

13%

Subarachnoid 
hemorrhage 

3%



Evaluation of carotid artery stenosis 

Carotid doppler ultrasonography

Transcranial doppler

Computed tomographic angiography

Magnetic resonance angiography (MRA) 

Carotid angiography (the gold standard)



Treatment Options

Carotid 
Endarterectomy

(CEA)

Carotid 
Artery 

Stenting 
(CAS)

Medical 
Management



Medical Management

• Treatment of Hypertension

• Cessation of Tobacco Smoking

• Control of Hyperlipidemia

• Management of Diabetes 
Mellitus

• Antithrombotic Therapy



Facts

– 33% of TIA patients will suffer a stroke within 5 years, 17% within 1
year

– With ≥ 75% asymptomatic stenosis, 22% of patients will have an
ischemic cerebrovascular event at 2 years

– CEA reduces the risk of any stroke from 25% to 10% at two years in
patients with symptomatic stenosis of ≥ 70% (NASCET)

– CEA reduces the risk of any stroke or death from 11% to 5% at five
years in patients with asymptomatic stenosis of ≥ 60% (ACAS)

– Large series of CAS have shown that stenting can be performed
with an acceptable complication rate

Stenting equivalent to CEA?



• NASCET 1991 - North American Symptomatic Carotid Endarterectomy Trial (50 
centers in US and Canada) - Stratified patients according to the degree of stenosis

• NASCET 1998 - Patients with ≥70% stenosis had durable benefit at eight years.

• Veterans Affairs Trial, 1993 - Asymptomatic Carotid Stenosis Veterans 
Administration Study - Randomized to optimal medical treatment alone vs. optimal 
medical treatment plus carotid endarterectomy

• ACAS, 1995 - Asymptomatic Carotid Artery Study Prospective randomized trial -
medical vs. carotid endarterectomy

• CAVATAS, 2001 - Endovascular versus surgical treatment in patients with carotid 
stenosis in the Carotid and Vertebral Artery Transluminal Angioplasty Study - no 
difference in the major risks of endovascular treatment compared with carotid 
surgery

• CARESS, 2003 - CEA vs. CAS with embolic protection

• SAPPHIRE, 2004 - Stenting and Angioplasty with Protection for Patients at High Risk 
for Endarterectomy (SAPPHIRE) trial

• SAPPHIRE, 2008 - no difference in long-term outcome

Studies



• EVA-3S, 2006 - Endarterectomy vs. Angioplasty in Patients with Symptomatic
Severe carotid Stenosis - the excess of primary outcome events after stenting was
considered large enough for the safety committee to recommend stopping the
trial

• SPACE, 2006 - Stent-Supported Percutaneous Angioplasty of the Carotid Artery vs. 
Endarterectomy (SPACE) collaborative group - failed to prove non-inferiority of CAS 
vs CEA

• CREST - Carotid Revascularization Endarterectomy Versus Stenting Trial

– 2004 

• 30 day stroke/death rate higher with age ≥ 80 years

– 12.1% in patients ≥ 80 years

– 3.2% in patients < 80 years 

– 2010 

• Peri-procedural rate of stroke and death was significantly higher in CAS versus CEA 
for symptomatic patients (6.0% versus 3.2%) but not for asymptomatic patients 
(2.5% versus 1.4%)

• Peri-procedural rate of MI was lower after CAS versus CEA for symptomatic patients 
(1.0% versus 2.3%) and for asymptomatic patients (1.2% versus 2.2%), however, this 
was not statistically significant.

Studies



Study results ???

CREST 2010



Consensus Guidelines 2011



Consensus Guidelines 2011



Consensus Guidelines 2011



SVS Guidelines 2011



Carotid Endarterectomy

• Surgical removal of the inner layer of the carotid 
artery when narrowed by atheromatous intimal 
plaques



• The perioperative mortality ranges from <0.5  to 3% 

• Cardiac complications (myocardial infarction)

• Stroke is the second most common cause of mortality 

• Stroke rates range from < 0.25 to 3%

• Causes of perioperative stroke: embolic, ischemic, hyperemic

• Nerve injury – Vagus nerve, recurrent laryngeal nerve, facial 
nerve, hypoglossal nerve, glossopharyngeal nerve

• Bleeding resulting in neck hematoma

• Infection

• Restenosis which occurs in up to 20% of patients 

Complications



General Anesthesia versus 
Regional/Local Anesthesia



General Anesthesia versus 
Regional/Local Anesthesia



General Anesthesia

• Does not prevent hemodynamic response of
manipulation of the carotid sinus (severe vagal
response)

• Due to comorbidities (i.e. CAD, MI) it’s important to
avoid large BP swings especially upon intubation and
emergence

• Maintenance of normocarbia

• Quick emergence

– Important to quickly assess neurological function



Cervical Plexus Block

• Deep Cervical Plexus Block
– Palpate the mastoid process behind the ear
– Draw a line at the posterior border of the sternocleidomastoid muscle

connecting the tip of the mastoid process and the Chassaignac tubercle (i.e.
transverse process of C6)

– 3 separate injections: at 2 cm below mastoid process there is the transverse
process of C2; at 2 cm below C2 is C3 and another 2 cm below C3 is C4

– 22 G needle x3 advanced perpendicular to the skin and slightly caudal until
contacting the transverse process (depth about 1.5 to 3 cm)

– Inject 3 to 4 ml of solution
– Complications

• Intravascular injection (Vertebral artery, Carotid artery, Internal jugular, External
jugular)

• Intrathecal injection (Epidural / Subarachnoid anesthetic)

• Paralysis of the ipsilateral diaphragm (Partial phrenic nerve block)

• Laryngeal block causing hoarseness, coughing and dysphagia





Cervical Plexus Block

• Superficial Cervical Plexus
Block
– Anesthetize C2 to C4 branches

– Midpoint of the posterior border of the
sternocleidomastoid muscle at the
intersection with the internal jugular
vein

– 5ml local anesthetic injected
subcutaneously posterior and
immediately deep to SCM.

– Redirect needle superiorly and inferiorly
along the border of the SCM and inject
5ml at each site.

– Aspirate frequently and with each
redirection to detect intravascular
injection.

http://en.wikipedia.org/wiki/File:Gray1210.png



Cerebral Blood Flow

Cell death

≈10mls/100gms/min 

Cell membranes become dysfunctional

≈15-20mls/100gms/min

EEG flat 

≈15-20mls/100gms/min

Evoked Potentials change 

≈20mls/100gms/min 

Loss of function (awake patient)

≈25mls/100gms/min

Ischaemia

≈54mls/100gms/m (average grey > white)

Normothermic persons with a normal brain and a normal

C
B

F



Cerebral Monitoring

• Why is it important?

– Decreased cerebral blood flow determines / predicts the need for carotid
shunt that may improve cerebral oxygen delivery

– During carotid endarterectomy, the ischemic risk is correlated with the
dependency between the cerebral circulation, the ipsilateral internal carotid
artery, the cerebrovascular reserve of the contralateral cerebral hemisphere,
as well as the presence and functioning of Willis polygon

• Why not shunt everyone?

– Potential displacement of atheromatous debris, introduction of air embolism
or thrombosis of shunt

– Increases surgical time

– Presence of shunt makes surgical field less than optimal

– There are still 2 moments of low cerebral blood flow: placement and removal
of the carotid shunt

– 80-85% of patients tolerate well cross clamping of carotid artery, without
requiring carotidian shunt





CCA

ICA

ECA

Digastric

XII

OPENING of the CAROTID BIFURCATION
NO SHUNT

PRE-OCCLUSIVE STENOSIS, DIAPHRAGM-LIKE



Cerebral Monitoring

Awake patient with locoregional anesthesia

Electroencephalography

Processed Electroencephalography (Bispectral Index)

Somatosensory Evoked Potentials

Transcranial Doppler Ultrasound

Carotid stump pressure

Jugular  Oxygen  Saturation

Conjunctival  Oxygen  Tension  (pcj O2)

Cerebral  Blood  Flow  Measurement with  ¹³³Xe

Near Infrared Spectroscopy – Cerebral Oximetry



Awake patient - gold standard

• Assessment of grip strength of the contralateral hand and responsive to
verbal commands

• Disadvantages

– low degree of patient comfort during surgery

– sometimes it can convert to general anesthesia

• Neurological assessment is made early after surgery and throughout the
ongoing surgical intervention especially during carotid clamping

• Indicators of the need for shunt placement or of the shunt malfunction:

– Agitation, confusion

– Drowsiness,

– Seizures,

– Muscle weakness in the extremities.



Electroencephalography
• Indirect method for determining the cerebral blood flow

• Limited sensitivity and specificity (respectively 69% and 89% in the study by Evans
and respectively 73% and 92% in the study by Stoughton)

• EEG needs to be interpreted by neurologists, can have delays of 150“ before
detecting ischemic phenomena - occurrence of cerebral ischemia is indicated by
delta waves or disorganised rhythm

• EEG is influenced by diathermy, general anesthesia agents, PaCO2, hypotension
and previous ischemic phenomena

• Reflects ischemic impairments in the most superficial layer of cerebral cortex

• Laman et al (2005) clarified which EEG parameters are able to indicate the need
for installing shunt

– for anesthesia with isoflurane, SEF 90% is the best single parameter in order
establish whether shunt is necessary or not and the 4 best derivations are F3-
Cz, P4-Cz, C4-Cz and F7-Cz.

– propofol sedation the best single parameter is the relative delta power and its
4 best derivation are F8-Cz, T4-Cz, C4-Cz and F4-Cz.



Process EEG – BIS, Entropy

• Bispectral Index / Cerebral Entropy

• Under general anesthesia, a suddenly modification of these scores after
carotid clamping may be suggestive of cerebral ischemia

• Monitors only frontal lobes supplied by anterior communicating artery
and can not estimate blood flow in the middle cerebral artery

• Is not a specific or sensitive method for detecting cerebral ischemia
especially in patients with loco-regional anesthesia



Somatosensory Evoked Potentials

• Sensitivity on 60% and a specificity on 100%

• Exploring subcortical part of the brain but explores a more
limited cortical territory than EEG

• Intraoperative strokes which occur outside the middle
cerebral artery sometimes cannot be detected by SSEP

• Less reliable on patients with previous neurological deficit

• The parameter suggested by Haupt et al and subscribed by
Rowed which best relates with the neurological outcome after
CEA is a reduction of 50% of P25 width.



Transcranial Doppler Ultrasound

• Modality for measuring the ipsilateral mean middle cerebral
artery velocity (VMCAi) during carotid endarterectomy

• Continuous and non-invasive measurement of cerebral blood
flow - changes in velocity are proportional to cerebral blood
flow changes based on the assumption that the vessel
diameter (middle cerebral artery) and blood viscosity remain
constant

• At carotid clamping is a initial decrease of the VCMAi followed
by partial recovery in the next 15 seconds, the recovery that
occurs due to brain self-regulation.

• A greater than 40% reduction of VMCAi determine the need
for shunt placement.



Transcranial Doppler Ultrasound

• Benefits:

– Allows the detection of embolic phenomena

– Allows the detection of haemodynamic phenomena of hypo- or
hyperperfusion and micro-embolisation phenomena

– Identify the occurrence of the postoperative hyperperfusion
syndrome with very good use for the immediate postoperative
phase

• Disadvantages

– Doppler signal is difficult to maintain during surgery

– At 10% of patients skull conformation prevents transmission of
ultrasound



Carotid Artery Stump pressure
– Gives an estimate of collateral circulation above the crossclamp

– Carotid stump pressure tries to predict need for temporary shunt
placement

• > 50 mmHg adequate collateral circulation

• < 40 mmHg need for temporary shunt placement

– PaCO2, body temperature and anesthetic agents influence
vascular resistances

– Method used with caution in patients with preexisting ipsilateral
stroke where there is a poor correlation between adequate perfusion
pressure and cerebral ischemia



Jugular  Oxygen  Saturation
(SjO2)

• Very low sensitivity and
specificity because venous
blood may originate from
different brain regions

http://en.wikipedia.org/wiki/File:Gray558.png



Conjunctival  Oxygen  Tension  
(pcj O2)

• Correlation between conjuctival oxygen tension and cortical
oxygen tension

• Is not a specific or sensitive method for detecting cerebral
ischemia



Cerebral  Blood  Flow  Measurement 
with  ¹³³Xe

• Three main limitations

– Difficult to use routinely in the operating room

– It has discontinuous feature

– The inability of detecting the areas with low or
absent flow because the detect or can only “see”
the perfused tissue areas

http://en.wikipedia.org/wiki/Xenon



From Pulse Oximetry to 
Cerebral Oximetry

• Oxygen Saturation SO2= Oxy-Hemoglobin / (Total Hemoglobin) X100%

• Both are based on Beer-Lambert’s Law that describes light absorption

• Pulse Oximetry: Two wavelengths. Using light loss (Systole – Diastole) to
calculate only signals due to pulsation of arterial blood to derive arterial
O2 saturation.

• Cerebral Oximetry: Looking into entire nonpulsating field to derive tissue
O2 saturation. It requires precise light sources and more wavelengths to
account for light lost from elements in addition to Oxy- and Deoxy-
Hemoglobin.

• Cerebral oxygen saturation is biased toward venous oxygen saturation
because on average, cerebral blood flow is com-posed of 75% venous and
25% arterial blood



Transcranial Cerebral Oximetry

VEINS

SjvO2: Jugular Venous Oxygen Saturation Normal Range: 50-70%

TISSUE (Arterioles, capillaries, venules)

Cerebral Oximetry rO2: Regional Tissue  Oxygen Saturation Normal Range: 60-80%

ARTERIES

Pulse Oximetry SpO2 or SaO2: Arterial Oxygen Saturation Normal range: 90-100 %



Transcranial
Cerebral Oximetry

• Two sensors placed bilaterally on forehead -
differentiates changes of non-ischemic source
of rSO2 (low blood pressure that causes global
hypoperfusion) from ischemic changes of rO2
during carotid clamping.

• Light from light source penetrates the scalp
and the skull to reach the gray matter in the
brain

• Closer detector collects reflected light from
extracerebral tissue only

• Further detector collects reflected light from
entire path.

• Patented algorithm solves the hemoglobin
concentration while minimizing influence from
extracerebral tissue.



Transcranial Cerebral Oximetry

• INVOS measure the regional hemoglobin oxygen saturation of blood in the brain
of an individual

• The sign of low cerebral blood flow is the decrease of rSO2 > 20% compared to the
baseline value and not the decrease of rSO2 from a set value (e.g. rSO2 <60)

• Useful also in postoperative monitoring - decrease of rSO2 postoperatively
immediately after carotid endarterectomy can demonstrate early carotid artery
reocclusion







University Emergency Hospital Bucharest
Cardiovascular Department

• Locoregional Anesthesia - Cervical Plexus Block

• Monitorizare intraoperatorie clinica + INVOS



Carotid endarterectomy incision

INVOS monitor with awake patient















ATHEROMATOUS PLAQUES AFTER THE EXCISION



DATA

Total
Without 
shunt With shunt

General
anesthesia

Cervical 
block plexus

2006 7 5 2 3 4

2007 25 21 6 21 4

2008 74 68 6 74 0

2009 102 92 10 33 69

2010 91 82 9 12 79

2011 105 94 11 2 103

2012 120 108 12 11 109

2013 50 41 9 10 40

Total 574 511 65 166 408

Percent 89% 11% 28,90% 71,10%



DATA

Complications
(number)

Complications
(percent)

Locoregional
anesthesia

complications Death

2006 0 0 0 0

2007 1 4% 0 0

2008 3 4,05% 0 2

2009 8 7,80% 0 4

2010 2 2,10% 1 0

2011 3 2,80% 0 0

2012 4 3,30% 2 0

2013 1 2% 1 0

Total 22 4 6

Percent 3,80% 0,90% 1,04%



Carotid Endarterectomy complications:

• Hemorrhagic Stroke – 5 patients

• Ischemic Stroke – 5 patients

• Transient ischemic attack – 1 patient

• Cardiac complication – 3 patients

• Neck hematoma – 4 patients

• Shunt related injuries – 2 patients (carotid disection and 
embolic stroke)

• Nerve Injury (hypoglossal nerve) – 2 patients

Cervical Plexus Block complications:

• Seizures – 3 patients

• Apnea – 1 patient



Conclusions

• Cerebral monitoring system used in carotid
endarterectomy must detect early and exact
appearance of cerebral ischemia

• No single monitoring method provides 100%
sensitivity and 100% specificity compared with
awake patient monitoring

• Don’t forget the baseline

• Using two types of monitoring decreases the rate of
false positives and fals negatives results.



An experienced surgeon and 
an experienced anesthesist


