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1. Introduction  
1.1.Purpose and Scope:  

The purpose and scope of this document is to update the previously-published Society for 
Vascular Nursing’s (SVN) 2009 carotid endarterectomy (CEA) practice guideline to reflect 
the evidence-based changes. Nursing practice in the care of the patient undergoing carotid 
artery stenting are detailed in the 2013 SVN guidelines.1  
 

1.2.   Assessment of Scientific Evidence 
The comprehensive search strategy identified studies published in the English language 
from 1990-2015.  Earlier studies were included if they remained clinically relevant. Search 
terms used were:  Carotid endarterectomy, carotid artery surgery, extracranial vascular 
surgery and combinations thereof.  The databases searched included: CINAHL, The 
Cochrane Library, Elsevier Science Direct, Ovid, MEDLINE, PubMed, BMJ Clinical 
Evidence, EBSCO, National Guidelines Clearinghouse, MD Consult, Nursing Consult and 
TRIP (Turning Research into Practice).  Textbooks and review articles were also included.  
Recommendations for nursing practice are based upon data classified using a data grading 
system proposed by Melnyk and Finout-Overholt 2 and modified from the American 
Association of Neuroscience Nurses.3 

 
The SVN clinical practice guideline classifies the data as follows:  
1.   Class I: Randomized control trial without significant limitations, systematic reviews or 
meta-analysis  
2.   Class II: Randomized control trial with important limitations (e.g., methodological 

flaws or inconsistent results), observational studies (e.g., cohort or case-control)  
3.   Class III: Qualitative studies, case study, or series 
4.   Class IV: Evidence from reports of expert committees and/or expert opinion of the 

guideline panel, standards of care and clinical protocols, animal studies  
 

1.3. History of Carotid Endarterectomy 
Gowers in 1875 is the first individual recognized with associating extracranial 
atherosclerosis with stroke.4 The first successful carotid operation reported in the medical 
literature was performed by Felix Eastcott in 1954 in London that involved a carotid 
bifurcation lesion resection and primary anastomosis.(Eastcott, Pickering et al. 1954) 

Although not reported until 1975, DeBakey in 1953 performed the first successful CEA in 
the United States.5  CEA is most frequently performed to prevent stroke. In 2010, an 
estimated 100,000 inpatient CEA procedures were done in the United States6 with an 
incidence of 2.6 per 1000 patients per year.7 

 
1.4. Rationale for Guideline:  

      Stroke is the fifth leading cause of death in the U.S. and the leading cause of serious long-
term disability.6 Between 2012 and 2030, total direct stroke-related costs are projected to 
triple, from $71.6 billion to $184.1 billion, with the majority of the projected increase in 
costs arising from those 65 to 79 years of age.8 This represents a significant source of 
morbidity and mortality.  Atherosclerosis is the cause of one-third of all strokes and 
approximately 50% of strokes occur in the distribution of the carotid arteries. Carotid 
revascularization is the current standard of care to prevent stroke in asymptomatic patients 
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with moderate to severe carotid artery stenosis especially if the perioperative risk of stroke, 
myocardial infarction (MI) and death are low.9 Carotid revascularization is also 
recommended for patients with a recent transient ischemic attack or stroke due to carotid 
atherosclerosis, as carotid revascularization reduces the risk of recurrent neurologic events.  

 
1.5. Clinical Practice Guideline Goal 

This evidence-based clinical practice guideline was developed by vascular clinical nurse 
experts who are members of the SVN Practice and Research Committee to assist the 
registered nurse in delivering the optimal evidence-based care for the patient undergoing 
CEA.  This document should be reviewed prior to implementation and tailored for each 
facility based on the needs of the practice setting and the values and preferences of the 
patient. A summary abbreviated checklist of nursing activities in caring for a CEA patient 
is included in Appendix A. 
 
The goals of caring for this patient population are to: 
1.   Provide optimal nursing care based on clinically recommended practice guidelines. 
2.   Provide a safe and caring environment throughout each phase of the patient’s 

experience before, during, and after carotid artery endarterectomy. 
3.   Effectively assess, plan, implement, and evaluate individualized patient care. 
 

1.6 Review of Carotid Artery Anatomy and Physiology  
There are two common carotid arteries.  They differ in length and in their origin.  The right 
common carotid artery begins at the bifurcation of the innominate artery behind the 
sternoclavicular joint and is confined to the neck.  The left common carotid artery 
originates from the aortic arch to the left of the innominate artery.10 The thoracic portion of 
the left common carotid artery ascends from the arch of the aorta through the superior 
mediastinum to the level of the left sternoclavicular joint, where it is continuous with the 
cervical portion.  In the neck, each common carotid artery is contained in a fascia sheath 
that also encloses the internal jugular vein and vagus nerve.  As the common carotid artery 
passes upward in the neck to the upper border of the thyroid cartilage, it divides into the 
external and internal carotid arteries.10  

 
The internal carotid artery begins at the bifurcation of the common carotid artery typically 
opposite the upper border of the thyroid cartilage. The internal carotid artery commonly 
runs vertically upward in front of the upper three cervical vertebrae through the carotid 
canal winding through the dura forming the carotid siphon before reaching the brain.11   It 
supplies blood to the inside of the head: the anterior part of the brain, the eye and its 
appendages, and sends branches to the forehead and nose.  The carotid anatomy is depicted 
in Figure 1. Just above the carotid bifurcation at the origin of the internal carotid artery is a 
localized slightly widened area known as the carotid sinus or “bulb”.  The carotid sinus 
contains a large number of baroreceptors, which are specialized nerve endings within the 
sinus wall adventitia.12  These receptors (also present in a similar amount in the aorta and 
smaller numbers in other large arteries) function on a negative feedback system with the 
autonomic nervous system to provide short-term control of arterial pressure.12  
Simplistically, the baroreceptors are stretch-type mechanical receptors that send impulses 
from the carotid sinus up the glossopharyngeal nerve to the medulla in response to 
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pressure-related changes in the vessel size.  The higher the pressure, the more frequently 
the baroreceptors fire. This results in the medulla inhibiting the sympathetic nerve impulses 
to the peripheral vessels, thus lowering the blood pressure.13 

 
 

The external carotid artery is more superficial and also typically begins at the level of the 
upper border of the thyroid cartilage.  It takes a slightly curved course and passes upward 
and backward in the neck.  The external carotid artery rapidly becomes smaller as it divides 
into four sets of branches: anterior, posterior, ascending and terminal.10  It advances up the 
neck within the parotid gland to the space behind the mandible. It supplies blood to exterior 
head; specifically the face and scalp.  
 

1.7 Pathogenesis of Carotid Atherosclerotic Disease  
Stroke is a leading cause of death and disability worldwide. Approximately 87% of strokes 
have an ischemic origin. 6  In 2014, strokes were responsible for 1 in every 20 deaths in the 
United States.6 One-third of all ischemic strokes are felt to be secondary to emboli.  In 
patients without atrial fibrillation, approximately 90% of these emboli are atherogenic in 
nature and originate extracranially from the proximal internal carotid artery.14 The risk of 
stroke is dependent upon the degree of carotid artery stenosis.  In patients with 75% or less 
narrowing, the stroke incidence is approximately 1.3% per year.  If the stenosis is 75% or 
greater in the symptomatic patient, the stroke rate rises to about 10.5% per year.9

 
 The risk 

of stroke in the asymptomatic patient is much lower, approximately 1-2.4% per year.15 

 
Atherosclerosis and inflammation have a similar mechanism during the early phases of 
plaque development, which involves increased interaction between the vascular 
endothelium and leukocytes.16 The earliest lesion of atherosclerosis is known as the fatty 
streak, which is an infiltration of monocyte-derived macrophages and T-lymphocytes into 
the arterial intima.  The fatty streak starts as an infiltration of low-density lipoprotein 
(LDL) cholesterol in the arterial wall, followed by its oxidation.16 Over time the fatty 
streaks enlarge and combine to form plaques.  The process continues when macrophages 
secrete multiple biochemical mediators that induce inflammation and smooth muscle cell 
proliferation within the arterial wall surrounding the plaque.16 The lipids and cells can 
enlarge into the arterial lumen resulting in diminished blood flow.  

 
Atherosclerosis is most severe in the posterior wall of the carotid sinus, where there is low 
shear stress and greater turbulence.17  This leads to cumulative vessel wall metabolic 
disturbances, prolonged exposure to plasma lipids and release of other inflammatory 
mediators.  The developing plaque extends downward at the bifurcation into the common 
carotid artery (Figure 2).  Most myocardial infarctions have been associated with 
thrombosis in plaques with high inflammatory cell content and large necrotic lipid cores, 
the so-called unstable plaques.  Symptomatic carotid artery plaque pathology is similar to 
coronary artery plaque.18  Symptomatic carotid artery disease is defined as a sudden onset 
of focal neurologic symptoms that are attributable to emboli from the narrowing of the 
carotid artery. Symptoms can include one or more transient ischemic attacks characterized 
by temporary focal neurologic dysfunction, transient monocular blindness (amaurosis 
fugax), or one or more non-disabling ischemic strokes.19  Risk factors for carotid 
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atherosclerosis are similar to coronary artery disease including cigarette smoking, diabetes, 
race, age, obesity and hypertension.20 

 
 
1.8  Selection Criteria for Carotid Endarterectomy and Summary of Evidence  
          Surgical selection criteria are based upon three clinical trials below: 

a. North American Symptomatic Carotid Endarterectomy Trial (NASCET) – original and 
surgical arm results 

b. European Carotid Surgery Trial (ECST) original and reanalysis. 
c. Carotid Endarterectomy and Prevention of Cerebral Ischemia in Symptomatic Carotid 

Stenosis Study. 
           

Based on the results of these studies, the American Heart Association concluded that 
carotid endarterectomy is beneficial for symptomatic patients with a recent non-disabling         
neurological event and ipsilateral stenosis of 50-99%; and it has uncertain benefit for           
symptomatic patients with < 50% stenosis. Carotid endarterectomy reduced the risk of           
disabling stroke or death for patients with stenosis exceeding that measured in ECST            
(70%) or NASCET (50%). This result applies only to surgically fit patients operated on by            
surgeons with low complication rates. In asymptomatic patients with carotid stenosis, 
clinical trial data suggest that the degree of stroke prevention from CEA is less than among    
symptomatic patients. 
 
The North American Symptomatic Carotid Endarterectomy Trial (NASCET)21 randomized 
patients with carotid artery stenosis of 70% to 99% who had transient hemispheric 
symptoms, amaurosis fugax, or a non-disabling stroke to carotid endarterectomy or optimal 
medical care, including antiplatelet therapy.22  The cumulative risk of any ipsilateral stroke 
at 2 years was 26% in the medical care group and 9% in the surgical group22 (Class I).  
This resulted in an absolute risk reduction of 17%. Carotid endarterectomy was also found 
to be beneficial when all strokes and deaths were included in the analysis 22 (Class I). A 
further analysis of the 1415 patients who underwent a CEA in the surgical arm of NASCET 
found 2% overall risk of permanently disabling stoke and death.23 

 
The European Carotid Surgery Trial (ECST) showed an 11.6% benefit (determined by 
Kaplan-Meier estimate) from CEA after 3 years in patients with stenosis > 80% in diameter. 
The Asymptomatic Carotid Surgery Trial (ACST) demonstrated a relative risk reduction of 
46% in patients who have 60-99% asymptomatic carotid stenosis who underwent CEA. An 
estimated yearly stroke rate of 2% in patients treated medically can be reduced to 1% with 
CEA in asymptomatic patients. 24 A reanalysis of the ECST results found that surgery was 
highly beneficial in patients with 70% to 99% stenosis and moderately beneficial for 50% to 
69% stenosis 25 (Class I). 

 
The CEA benefits on asymptomatic patients with high-grade stenosis are not as robust and 
are based upon the following three trials and meta-analysis.  
a. Veterans Affairs Cooperative Study Group  
b. Asymptomatic Carotid Atherosclerosis Study (ACAS) 
c. Asymptomatic Carotid Stenosis Trial (ACST) 
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The Veterans Affairs Cooperative Study Group trial26 was a multicenter, randomized 
clinical trial of 444 asymptomatic men with 50% or greater carotid artery stenosis by 
angiography.  Subjects were randomly assigned to optimal medical treatment including 
aspirin plus CEA (211 patients) or aspirin alone (233 patients).  The combined incidence of 
ipsilateral stroke was 8% in the CEA group and 20.6% in the medical group.  There was no 
difference in the 30-day stroke and death rates between the two groups.26    
 
The Asymptomatic Carotid Atherosclerosis Study (ACAS) was a randomized clinical trial 
assessing the efficacy of treating asymptomatic carotid stenosis with low dose aspirin (300 
mg/day) alone versus carotid endarterectomy in conjunction with the daily administration 
of low dose aspirin. 27  More than 42,000 patients were screened.  Of those screened, 1,662 
asymptomatic patients were randomized to CEA plus medical therapy (n=825) or medical 
therapy alone (n=834).  The 30 day perioperative stroke or death rate was 2.3%, with an 
additional 1.2% stroke incidence due to carotid angiography.  Carotid endarterectomy 
significantly cut the 5 year risk of ipsilateral stroke, perioperative stroke, or death in half 
(from 11% to 5.1%) 9, 27, 28 (Class I). 
 
The Asymptomatic Carotid Stenosis Trial (ACST) randomized 3,120 asymptomatic 
patients with > 60% carotid artery stenosis by ultrasound.29  There was a 2.8% risk of 
stroke or death within 30 days for those randomized to CEA.  The 5 year risk of stroke was 
reduced significantly for CEA (6.4%) compared with medical therapy (11.8%).  At 5 years 
there was no difference in the rates of all stroke and/or death between medical therapy and 
CEA.29  
 
A meta-analysis by Chambers and Donnan was conducted on the above three 
asymptomatic CEA trials that included a total of 5,223 patients. It was noted that the risk of 
ipsilateral stroke or any stroke was reduced by approximately 30% over three years.  
However, the absolute risk reduction was small (approximately 1% per annum over the 
first few years of follow up.30, 31 The authors speculated that the risk reduction may be 
higher with a longer follow up.  Currently, asymptomatic patients with a high-grade carotid 
stenosis, reasonable life expectancy and perioperative risk less than 3% may be considered 
candidates for a CEA32 (Class I).  
 
Guidelines published in 2011 by Ricotta, et.al. from The Society for Vascular Surgery33 
included the following summary recommendations for carotid surgical revascularization: 

 
• Asymptomatic patients with > 60% stenosis should be considered for CEA for 

reduction of long-term risk of stroke provided there is a 3-5 year life expectancy and 
perioperative stroke/death rates are less than 3% 

• Patients >70 years of age, with long (>15-mm) lesions, pre-occlusive stenosis, or 
lipid-rich plaques that can be completely removed safely by a cervical incision in 
patients who have a virgin, nonradiated neck 

 
Encouraging research that targets the impact of optimal medical management alone on 
reducing carotid plaque progression and stroke in patients with symptomatic and 
asymptomatic carotid stenosis is being advocated.34  Optimal medical treatment includes 
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aggressive risk factor management such as smoking cessation, blood pressure reduction, 
regular exercise, glycemic control, and lipid lowering, among others.  The forthcoming 
Carotid Revascularization Endarterectomy Versus Stenting Trial 2 (CREST-2) is testing a 
hypothesis that intensive medical treatment (IMT) alone is superior to an invasive carotid 
intervention, (CEA or carotid stent) plus IMT in the prevention of stroke and death.35  
Twelve hundred and forty patients will be randomized to CEA plus IMT versus IMT alone 
and an additional 1240 patients will be randomized to carotid stent plus IMT versus IMT 
alone.35 The results of this trial may modify the selection criteria for CEA among 
asymptomatic patients.   

1.9 Simplified Procedural Technique for Carotid Endartarectomy 

1.9.1 A carotid endarterectomy is performed in an operating room under sterile 
technique. There are several types of surgeons that perform CEA’s including 
vascular, general, cardiothoracic and neurosurgeons.  
 

1.9.2 Anesthesia types may include local, regional, superficial cervical block or general 
anesthesia as determined by physician preference and patient co-morbidities 36 
(Class I). 

 
1.9.3 The patient is positioned supine. A blanket roll may be placed under the scapula to 

allow for some neck hyperextension. Once anesthesia is achieved, the table is 
placed in a reverse Trendelenberg position.37  
 

1.9.4 The typical skin incision may either be longitudinal or transverse (Figure 3). The 
standard incision is longitudinal which is made parallel to the medial border of the 
sternocleidomastoid muscle. The transverse incision is made in the skin crease, 
approximately 1 to 2 cm inferior to the angle of the jaw.37  

 
1.9.5 The incision is carried through the platysma. Retraction of the sternocleidomastoid 

muscle is done to expose the carotid sheath and internal jugular vein.  
  

1.9.6 Further dissection occurs. The internal carotid artery (ICA) is identified and 
clamped beyond the distal aspect of the plaque. The common carotid and external 
carotid arteries are clamped.  Heparin is administered (70-100 units/kg) to 
maintain an activated clotting time (ACT) between 200-250 seconds.37  

 
1.9.7 The surgeon determines the need for a shunt. The use of a silicon tube, or shunt, as 

a temporary bypass has been postulated to reduce the length of time that blood 
flow to the brain is interrupted during the operation. This may reduce the risk of a 
perioperative stroke.37  The type of shunt used is dependent upon physician 
preference.  There is limited data to either support or negate routine shunting in a 
CEA38 (Class I).  Other methods of cerebral monitoring include carotid stump 
pressure, electroencephalography and cerebral oxygen saturation.37 

 
1.9.8 The conventional method for plaque extraction is for a longitudinal incision made 

in the ICA.  The atherosclerotic plaque is removed from the vessel by pulling the 
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plaque out transversely or by transecting with scissors. Attention is then paid to 
any residual debris and the end points of the endarterectomy. Tacking stitches may 
be placed. 37 

 
1.9.9 An alternative method of performing a CEA is known as eversion endarterectomy. 

The exposure of the vessel follows the same technique as described above. A test 
clamp of the ICA is done to assess for cerebral ischemia before proceeding.  The 
rationale for the test clamp is that it is difficult to shunt if using this technique. If 
no cerebral ischemia occurs, the ICA is transected at its origin and turned inside 
out until the distal plaque is exposed and then it is transected. The ICA is re-
anastomosed to the carotid bifurcation.37 Eversion endarterectomies do not require 
a patch closure. Originally felt to be associated with a lower incidence of 
perioperative stroke and restenosis, current evidence does not support these 
assumptions and the choice of endarterectomy technique should be based upon the 
expertise of the surgeon39 (Class I). 

 
1.9.10 ICA arteriotomy closure can be primary using nonabsorbing sutures or include a 

patch (known as patch angioplasty) (Figure 4). Patch materials include autologous 
vein, woven polyester (Dacron), polytetrafluoroethylene (PTFE) and bovine 
pericardium. Limited evidence suggests the use of patch angioplasty during 
arteriotomy closure may reduce the incidence of restenosis38(Class I). The Society 
for Vascular Surgery recommends patch closure or eversion endarterectomy over 
primary closure because of the risk of restenosis33(Class I). There is some evidence 
that synthetic (PTFE) patches may be superior to collagen impregnated Dacron 
grafts in terms of perioperative stroke rates and restenosis40 (Class I). 
Pseudoaneurysm formation may be more common after use of a vein patch 
compared with a synthetic patch.37, 41  

 
1.9.11 Flushing is performed, and if used, the shunt is removed before final artery 

closure. Use of an arterial Doppler duplex scanning device or intraoperative 
angiography may be used to assess for artery patency.37, 41 

 
1.9.12 Generally, the underlying tissues are closed with absorbable sutures and the skin 

incision is closed with a subcuticular suture Heparin reversal with protamine 
sulfate is determined per physician preference and patient co-morbidities.42, 43 
Administration of intraoperative intravenous dextran is another method sometimes 
used to reduce the risk of stroke as it has antithrombotic properties; however, its 
use has been associated with a higher incidence of myocardial infarction and heart 
failure.44 Topical hemostatic agents may also be used to achieve surgical 
hemostasis. Insertion of a vacuum bulb-type suction drain into the incision may be 
done at this time. The choice of external dressing is dependent upon physician 
preference.   
 

2. Pre-Operative Nursing Care    
2.1 Nursing Assessments 
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2.1.1 Assess for co-morbid conditions and risk factors for atherosclerosis. Risk factors for 
carotid atherosclerosis are similar to coronary artery disease including cigarette 
smoking, diabetes, race, age, obesity and hypertension.633 Evaluate for the presence 
of other neurological diseases that may impact the postoperative course such as 
Alzheimer’s, epilepsy or Parkinson’s.45 Ascertain if there is a history of previous 
carotid revascularization, neck surgery or a history of neck radiation.  
 

2.1.2 Obtain a list of current medications that the patient is taking including over-the-
counter drugs. Assess for allergies or hypersensitivities to medications such as IV 
contrast, foods or latex.46-48  

 
2.1.3 Obtain baseline vital signs to include apical/radial pulse, respirations, pulse 

oximetry, temperature and blood pressure. Use a standard technique for obtaining 
the blood pressure including the appropriate cuff size and supporting the arm at 
heart level49 (Class IV). Include bilateral upper extremity blood pressures. Unequal 
upper extremity blood pressures greater than 15mmHg difference in systolic blood 
pressure (SBP) may indicate subclavian artery stenosis.50 Inform physician if this 
SBP difference is noted. Notify the surgeon and anesthesiologist if the systolic 
blood pressure is greater than 180mmHg or diastolic blood pressure is greater than 
110mmHg within two (2) hours of the surgery start time.  The surgeon may 
consider postponement due to an increased risk of stroke from these pressures or 
place the patient on additional antihypertensive medications.51, 52  
 

2.1.4 Perform a targeted physical assessment. Notify the physician of any abnormal 
findings. Excluding the neurological assessment, there is a lack of evidence 
regarding the precise assessments that are required; however clinical practice 
recommendations include: general appearance, status of the skin (integrity, presence 
of lesions/edema, nails), head/neck, chest including breath sounds/heart sounds, 
abdominal assessment (distention/bowel sounds/genitals), bilateral extremity motor 
strength and movement, temperature, color, sensation, pulses and capillary refill.53 
Grade the pulses according to institutional protocol.  

 
2.1.5 Neurological Assessment to include a focused neurological examination including 

level of consciousness, speech pattern, pupils, facial symmetry, gait, muscle 
atrophy, fasciculations or involuntary movements and cranial nerves. 54 Consider 
performing a Glasgow Coma Scale, and consider a baseline National Institutes of 
Health Stroke Scale (NIHSS) or other stroke scale assessment. These provide 
documentation of any pre-interventional neurological deficits. Refer to Appendix B 
for detailed description of pertinent cranial nerve assessment. The National Institute 
of Health Stroke Scale NIHSS55 is a tool for assessment of neurological impairment 
associated with stroke reflecting global and/or focal changes in brain vascular 
territories. Neurological assessment should be performed within 24 hours of 
surgery56 (Class IV). 

 
2.2 Carotid Diagnostic Studies 
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Confirm completion of baseline carotid artery testing which has confirmed location and 
degree of stenosis15 (Class I). The choice of test is dependent upon the individual 
physician. Options include carotid arterial Doppler and/or duplex, transcranial Doppler, 
magnetic resonance angiography or computed tomography angiography.  These diagnostics 
provide an assessment of the lesion characteristics. 
 
2.2.1 Carotid Duplex Ultrasound (CDUS) is a non-invasive study utilizing high-

frequency sound waves to produce pictures inside the carotid and vertebral arteries. 
Doppler waveforms and color flow imaging can identify direction and velocity of 
blood flow in the carotid and vertebral arteries.  Interpretation of velocities should 
be done by qualified and experienced care providers.  This procedure can be done 
as an outpatient.  There is no patient preparation except to instruct patients to wear 
comfortable, loose-fitting clothing and no jewelry over the area to be scanned. 
Advantages of CDUS are that it provides accurate and reliable information, and is 
noninvasive, but accuracy is dependent on the sonographer’s technical skills. 
Velocities can be affected by contralateral carotid artery occlusions and by gender; 
women tend to have higher velocities 57, 58 The presence of carotid stents,59 obesity, 
tortuosity of arteries, high carotid bifurcation and severe intravascular calcification 
can reduce the reliability of CDUS.33 Table 1 summarizes one example of a 
consensus of the velocity criteria for internal artery carotid artery stenosis. 
Interpretation of velocities should be done by qualified and experienced care 
providers in an accredited lab. 

 
Table 1: Doppler Ultrasound Velocity Criteria of Internal Carotid Artery Stenosis 
 

Adapted from: Grant EG et al. Carotid artery stenosis: Greyscale and Doppler ultrasound diagnosis. Society of 
Radiologists in US consensus conference. Radiology 2003; 229: 340-6. 
ICA: Internal carotid artery; CCA: common carotid artery 
 

2.2.2 Magnetic Resonance Angiogram (MRA) uses radio waves and magnetic fields to 
create detailed images showing blood flow inside the vessels. Gadolinium, a non-
iodinated contrast media, may be used to improve the test's accuracy by making 
the arteries more visible. Gadolinium is not without consequence as it can trigger 
nephrogenic systemic fibrosis in those with a history of renal disorders.60 MRA 
can precisely define the dimensions and extent of aortic arch aneurysms, 
dissections, vascular tumors and periaortic abscesses comparable to 
transesophageal echocardiogram (TEE).  It also can identify structure of 
atherosclerotic plaque.61 It can be used to monitor carotid and vertebral stenosis.  
Patient preparation for MRA must include history of contrast allergies and any 
metal implants in their body. These include pacemakers or implantable 
cardioverter defibrillator (ICD); surgical metal rods, screws, plates, stents, clips, 

Degree of Stenosis Peak systolic 
velocity (cm/sec) 

End diastolic 
velocity (cm/sec) 

Systolic velocity 
ratio (ICA/CCA) 

<50% <150 <50 <1.8 
50-69% 150-250 50-90 1.8-2.8 
70-89% >250-400 >90-150 >2.8-5.0 
90-99% >400 >150 >5.0 
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pins, staples and wires (some may not be exclusionary), intravascular embolization 
coils, cochlear implants, metal heart valves, shrapnel or bullets, implantable ports 
and nerve stimulators. Removable dental work and body piercings must be 
removed. Advantages of MRA are that it is noninvasive, with no ionizing radiation 
or iodinated contrast and it presents numerous projections of the carotid lumen 
from a single test.  MRA can visualize arteries beyond coverage area for CDUS. 
Disadvantages include the possible over-estimation of the degree of stenosis and 
that it is difficult to perform in claustrophobic or uncooperative patients.62 
 

2.2.3 Computed Tomography Angiogram (CTA) utilizes non-contrast technique or IV 
contrast to identify the specific anatomy of the aortic arch, carotid arteries, and 
intracerebral arteries.  CTA uses ionizing radiation when taking x-ray pictures in 
the form of slices of the brain, carotid and vertebral arteries, showing areas of poor 
blood flow or the presence of cerebral aneurysms.  Contrast media may be injected 
to enable visualization of blood vessels on x-ray to identify area(s) of arterial 
stenosis. The patient should be instructed to have nothing by mouth (NPO) at least 
four hours before the scheduled exam.  A thorough history of allergies and specific 
types of reaction to previous contrast media should be completed.  Baseline renal 
function tests of BUN and creatinine are completed to ensure safety of contrast 
administration.  Premedication and IV hydration may be given in the case of 
contrast allergy or renal insufficiency.  Metformin should be held as noted below. 
The patient should wear comfortable clothing but may be asked to change into a 
gown and remove hairpins, hearing aids, glasses, metal dental work, necklaces, 
earrings and any body piercings on the head. Advantages of CTA are that it is less 
likely to over-estimate the degree of carotid artery stenosis, high-quality spiral CT 
images can be evaluated in multiple planes, CTA is less expensive and faster than 
MRA, multiple organs can be visualized simultaneously, and a wide anatomical 
range is viewed from the aortic arch to circle of Willis.  Disadvantages are that it is 
more expensive than CDUS, there is contrast and ionizing radiation exposure, and 
intravascular calcium burden can affect visualization, and assessment of plaque 
structure.63 The decision to use either CTA or MRA is location-specific due to 
operator proficiency and the availability of the appropriate equipment. 
 

2.2.4 Carotid Artery Contrast Angiography has previously been considered to be the 
gold standard for diagnosing the degree and location of carotid stenosis. This test 
is generally performed if discrepancies exist between other diagnostic modalities 
such as CDUS and MRA, especially in renal-impaired patients.  Its current role in 
extracranial vascular disease is mainly limited to carotid artery stenting. The 
NASCET method is generally used for interpretation of results.61 The NASCET 
method uses the diameter of the proximal internal carotid artery above the carotid 
bulb as the reference diameter.14   The patient should be instructed to have nothing 
to eat or drink for six to eight hours before the scheduled procedure. The patient 
will need to receive instruction on taking cardiac or other medicines the morning 
of procedure with sips of water. Instructions will be given regarding holding 
metformin 24 hours before exam and usually 24-48 hours after exam or until renal 
function returns to baseline (see preoperative medications). A thorough a history 
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and physical should be completed, including assessment for a history of allergies 
or reactions especially to contrast media. Baseline blood tests to check renal 
function, BUN and creatinine should be completed. Coagulation tests may be 
performed, PT/INR, PTT, platelet count, hemoglobin and hematocrit.  A peripheral 
IV line will be started for hydration and to administer any renal-protective 
medicines as indicated. The advantages of angiography are that it can be used if 
patients have metal implants and cannot have other forms of diagnosing imaging, 
if patient is obese, and the ability to limit contrast burden in patients with renal 
impairment.64 The incidence of neurological complications is low; approximately 
1.3%, but in patients with cardiovascular disease, the neurological complication 
rate is higher at 2.3%.65   

 
2.3 Diagnostic Laboratory Testing 

2.3.1 Verify ordered pre-procedural laboratory tests have been done within the pre-
established time period (usually within 7 days of the procedure or as specified by the 
institution).  General recommendations are described by Iyer, et.al 66 and Fleisher, 
et.al.67 Typical baseline laboratory tests include a complete blood count, blood urea 
nitrogen, serum creatinine, electrolytes, partial thromboplastin time, prothrombin 
time with INR, creatinine kinase and creatinine kinase MB fraction and 
urinalysis.67,68 Include measurement of blood glucose in diabetic patients.  
 

2.3.2 A 12-lead ECG is standard.67  
 

2.3.3 Additional ancillary diagnostic ancillary studies may be ordered based upon the 
institutional protocol as well as patient age, gender, presence of severe obesity or 
comorbidities (e.g. pregnancy test, pulmonary function studies, stress test, chest x-
ray).67, 69 Notify physician of any abnormal results. 

 
2.4 Anesthesia Evaluation 

Confirm an anesthesia assessment has been scheduled before the surgery. A pre-surgical 
clinical assessment and evaluation by anesthesia accomplishes several goals including to 
plan for the selection of anesthetics, evaluate for a familial history of malignant 
hyperthermia and to assess the patient’s airway.  It also includes opportunities for patient 
education and allows the formation of a plan-of-care for the perioperative and recovery 
periods.70 (Class I) CEA can be performed under general anesthesia or regional 
anesthesia; rarely CEA is performed under local anesthesia.51, 71 
 

2.5 Preoperative Patient Preparation/Education 
2.5.1 Clip any neck hair on a male patient at the selected surgical site with electric 

clippers as ordered72, 73 (Class I).  Clipping instead of shaving reduces the incidence 
of procedural/surgical site infections.72, 73 

 
2.5.2 Cleanse patient preoperatively using a chlorhexidine shower or disposable wipes to 

reduce bacterial skin flora and the risk of surgical site infection.74  
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2.5.3 Establish peripheral IV access; depending upon institutional protocol, two IV sites 
may be preferred.  Hypnotic agents and other medications are administered 
intravenously during the surgery.  

 
2.5.4 Maintain nothing by mouth (NPO) for at least 8-hours before the procedure or as 

specified by the surgeon75 (Class IV). NPO status reduces the potential for 
aspiration due to anesthesia.75  

 
2.5.5 Assess the patient’s neck mobility. Some neck flexibility is critical for proper 

surgical access and positioning.51 
 

2.5.6 Provide additional patient education regarding medications, risk factor 
modification, peri-procedural and post-procedural care based upon institutional 
protocol. This education may include perioperative sequence of events, possible 
sensations (e.g., pain and anxiety), planned anesthetic mode, monitoring equipment, 
neurologic and vital sign checks, recovery progression and normal side effects.76, 77 
Blackburn and Neaton also recommend inclusion of discharge criteria and 
anticipated day of discharge in the pre-surgical education.76 

 
2.6 Pre-Operative Management of Medications  

Continue most medications that have withdrawal potential and hold non-essential 
medications the day of CEA surgery.78 The reader is referred to additional sources for a 
broader overview of chronic medications in the preoperative setting.51, 79   
 
2.6.1 Antiplatelet Agents  

Aspirin 81 to 325mg daily is recommended before CEA33, 51, 78, 80 (Class I). 
Administration of other antiplatelet agents such as clopidogrel, prasugrel or 
ticagrelor should be evaluated on a case-by-case basis with emphasis on the 
indication for which these agents were prescribed. The multidisciplinary team 
members involved in the decision should include the surgeon, cardiologist, 
anesthesiologist, primary care provider and patient.81    

 
When an antiplatelet agent is prescribed along with aspirin, it is known as dual 
antiplatelet therapy (DAPT). If DAPT is prescribed for a cardiac stent patient, the 
recommendation is to continue DAPT for at least 4-6 weeks following placement of 
a bare metal stent (BMS) and at least 12 months after a drug eluting stent (DES).81, 82 
Stopping DAPT prematurely may place a patient at risk for stent thrombosis, 
myocardial infarction and death. An elective CEA procedure should not be 
performed during these time frames should DAPT cessation be advised in a 
particular case.67 

 
Continued use of DAPT in persons undergoing non-cardiac surgery places them at 
risk for perioperative bleeding with a potential need for transfusions.33, 82 However, 
CEA surgery (unlike open thoracic and abdominal aorta surgery) is not a procedure 
that is associated with a high risk for bleeding.82  Several studies have shown no 
significant increase in perioperative bleeding in patients undergoing CEA while 
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taking clopidogrel, with or without aspirin. 83,84 Wait 84 maintains the risk of 
reoperation for neck hematoma evacuation is preferable to a perioperative stroke or 
MI should clopidogrel be stopped in the high risk patient. 

 
2.6.2 Lipid-Lowering Therapy 

Continue statin (HMG COA Reductase Inhibitor) medications the day of surgery 
33, 51, 67, 80 (Class IV). It is considered reasonable to initiate a statin before the CEA 
in statin-naïve patients. 33, 67, 80 Although statins are known for their cholesterol 
lowering effects, it is their theorized reduction in vascular inflammation, 
stabilization of plaque and neuroprotective effects that supports their preoperative 
administration.85 A study by the Vascular Study Group of New England showed 
reduced 30 day mortality and 18% improvement in 5 year survival after various 
vascular surgeries when antiplatelet and statin medication were utilized 
preoperatively and at discharge.86 Hold non-statin medications such as bile 
sequestrants (cholestyramine and colestipol) which may interfere with bowel 
absorption of perioperative medications.87 

 
2.6.3 Antihypertensives  

2.6.3.1 It is reasonable to achieve good preoperative control of arterial pressure in 
patients who have SBP (systolic blood pressure) consistently > 180 mm Hg 
and who do not have severe bilateral carotid stenosis or frequent neurologic 
events attributable to carotid disease.88 
 

2.6.3.2 Administer previously prescribed calcium channel blockers, alpha agonists, 
vasodilators and nitrates the morning of the procedure with a sip of 
water.51, 79   
 

2.6.3.3 Clarify surgeon preference regarding preoperative administration of 
angiotensin converting enzyme (ACE) inhibitors and angiotensin receptor 
blockers (ARB) medications. Literature is conflicting regarding use in this 
setting. Several authors report cases of prolonged postoperative 
hypotension, likely a result of the compensatory activation of the renin-
angiotensin system.51, 79, 89  In contrast, others advocate administration of 
these medications the day of surgery.78, 90  

 
2.6.3.4 Hold any diuretic medication the day of the surgery67, 78 (Class II). Loop 

and thiazide diuretics can cause hypovolemia and hypokalemia and can 
intensify the known hypotensive effects of anesthesia induction.51, 78   
 

2.6.3.5 If the patient is already receiving a beta-blocker, administer as previously 
prescribed68 (Class IV). 

  
2.6.4 Diabetic Medications 

Withhold metformin and its derivatives 24-hours before anesthesia to avoid the 
potential for lactic acidosis. 79, 91 Other oral hypoglycemic agents are held the 
morning of the procedure.  Any prescribed long-acting insulin is adjusted based 
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upon the institution’s protocol.  Supplemental short-acting insulin may be 
administered during this period to maintain a target glucose level between 140-180 
mg/dl in the critically-ill patient92 (Class II). 

 
2.6.5 Chronic Pain Medications  

Stop all non-steroidal anti-inflammatory medications at least 3 days prior to 
surgery or as directed by the physician.78, 93 These medications reduce platelet 
aggregation and increase the risk of bleeding by a decreased production of 
thromboxane.93 Continue chronic opioid medications day of surgery to reduce 
irritability, diaphoresis, insomnia, nausea and other symptoms of withdrawal.51 

 
2.6.6 Pulmonary Medications 

Continue pulmonary inhalers day of surgery to reduce the incidence of 
postoperative complications.93, 94 Hold theophylline the evening before surgery as 
it may precipitate arrhythmias and interact with anesthetic medications.51, 93 
Glucocorticoids (used for pulmonary or other indications) are continued day of 
surgery as to avoid symptoms of adrenal insufficiency; consider stress 
(supplemental) dose steroid if a patient has received oral corticosteroids for 3 
consecutive weeks or more.51 

 
2.6.7 Management of Antithrombotic Medications and Dietary Supplements. 

2.6.7.1 Withhold any non-bridged unfractionated heparin or low-molecular weight 
heparin in the hospitalized patient based upon the institution’s protocol 

 
2.6.7.2 Withhold Vitamin K antagonists (VKA’s) such as warfarin for 

approximately five days before the procedure (Class IV).95  The INR should 
be normal or near normal (less than 1.5).  If bridging therapy is required in 
the chronic atrial fibrillation or mechanical heart valve patient at high risk 
for venous thromboembolism (VTE), administer a therapeutic dose of a 
low-molecular weight heparin (LMWH) such as enoxaparin.  The last 
LMWH dose should be administered approximately 24 hours before the 
procedure (Class IV).95  If the patient is receiving therapeutic-dosed 
unfractionated heparin (UFH) as the bridging medication, the last dose 
should be stopped within 4 to 6 hours of the procedure (Class IV).95 In the 
chronic atrial fibrillation or mechanical heart valve patient who is at a low 
risk for VTE; no bridging therapy is recommended 95 (Class IV). Resume 
VKA’s 12 to 24 hours after the procedure95 (Class IV). 

 
2.6.7.3 Withhold the oral antithrombotic agent dabigatran for 1 to 2 days before the 

procedure in patients with a creatinine clearance greater than or equal to 
50ml/minute.  If the creatinine clearance is less than 50ml/minute, withhold 
medication for 3 to 5 days.  A longer withholding time may be considered in 
patients where total hemostasis is necessary.96  If the patient is prescribed 
rivaroxaban, the drug is stopped at least 24 hours before the procedure. 97 
Apixiban should be held at least 24 hours in elective procedures that are 
considered to be low-risk for clinically significant bleeding.  If the 
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procedure is considered moderate to high risk for clinically significant 
bleeding; Apixiban should be withheld for 48 hours 2012).96, 98 If the patient 
is on edoxaban, the drug should be withheld for 24 hours before the surgery. 
99 

 
2.6.7.4 Instruct the patient not to take any herbal or dietary supplements for the 

specified number of days prior to the procedure, based upon the institution’s 
protocol.  There is an increased potential for bleeding and alteration in the 
effects of medications such as warfarin100-103(Class IV).  Ginkgo, Vitamin E 
and garlic (allium sativum) demonstrate antiplatelet activity and increase 
bleeding time100-102 (Class I). Case reports have shown an interaction 
between herbal supplements St. John’s Wort (hypericum perforatum) and 
American ginseng that decrease the INR103(Class IV). Dansehen (salvia 
miltiorrrhiza) increases the INR100 (Class IV). 

 
3. Operative Care 

3.1  Before Patient Enters the Operating Room 
3.1.1 Verify correct patient identification, operative procedure and side of carotid 

operation; this is done every time the care responsibility of a patient is transferred 
to another person in the perioperative course to avoid wrong-site surgery utilizing 
a standardized pre-surgical checklist104,105 (Class I). 
 

3.1.2 Ascertain that the patient has signed the procedural consent and anesthesia 
consent. Confirm the surgeon has signed the procedural consent and the 
anesthesiologist or nurse anesthetist has signed the anesthesia consent. 
 

3.1.3 The correct operative site is marked with a permanent marker by the surgeon or a 
member of the operative surgical team as determined by institutional protocol. 
This is best done with input from the awake and alert patient (or care giver) to 
prevent wrong-site surgery.104,106 

 
3.2 Intra-Operative Care 

3.2.1 Assist with attachment of ECG monitor leads, non-invasive blood pressure cuff and 
pulse oximetry probe to the patient once patient is on the operating room table. If 
indicated, obtain baseline blood pressure, heart rate, respirations, SpO2 and ECG 
rhythm.  
 

3.2.2 Assist with setup and insertion of an arterial line as directed.  Carotid artery 
manipulation predisposes the patient to potential changes in perioperative blood 
pressure that may require vasoactive medications.89 The use of continuous intra-arterial 
monitoring allows for earlier recognition and treatment of blood pressure fluctuations 
that may lead to intraoperative or postoperative neurological complications. 
 

3.2.3 Position the patient’s head and neck based upon physician preference and proposed 
anesthetic technique. This allows for patient comfort and sufficient site exposure that 
includes some neck hyperextension.107 If the procedure is performed under general 
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anesthesia, the endotracheal tube is taped to the corner of the mouth on the opposite 
side of the surgical field.107  
 

3.2.4 Administer the ordered intravenous (IV) antibiotic prophylaxis within one (1) hour of 
surgical incision at the recommended infusion rate to reduce the incidence of surgical 
site infection108 (Class I). 
 

3.2.5 If general anesthesia is utilized, observe for the development of malignant 
hyperthermia.  Malignant hyperthermia (MH) is a genetic disorder that is precipitated 
by use of volatile anesthetic agents (halothane, enflurane, isoflurane, desflurane, and 
sevoflurane) or the muscle relaxant succinylcholine, or both.109  It is characterized by 
life-threatening, extremely high fever (greater than 110 degrees Fahrenheit), skeletal 
muscle spasms, hypotension, change in level of consciousness, tachypnea and 
tachycardia.  Acidosis, hyperkalemia, cardiac arrhythmias and rhabdomyolysis may 
occur.110 Early recognition is integral to preventing mortality. Immediate treatment 
consists of switching to a non-inducing agent, dantrolene 2 mg/kg IV, repeated until the 
cardiovascular symptoms stabilize to a maximum of 10mg/kg109, 110 (Class IV). In 
addition, hyperventilation at 100% oxygen, application of external cooling devices and 
administration of chilled IV normal saline are used (Class IV).110 

 
3.2.6 Assist physician if indicated with placement of selected cerebral monitoring device.  

Cerebral monitoring during a CEA assists in reducing the perioperative stroke rate from 
embolism, hypoperfusion and postoperative hyperperfusion syndrome.111,112 If used, the 
selection of a cerebral monitoring device is dependent upon physician preference and 
includes: electroencephalography, transcranial Doppler, stump pressure, sensory-
evoked potentials and near-infrared spectroscopy.111 

 
3.2.7 Monitor blood pressure and ECG rhythm as indicated with anesthesia. Notify 

anesthesia and the surgeon immediately if hypotension or hypertension occurs. 
Bradyarrhythmias are typically due to temporary baroreceptor dysfunction and 
treatment is generally not required.41 Blood pressure fluctuations are due to 
multifactorial causes that may include: prior history of hypertension, carotid 
manipulation, pain-induced sympathetic nervous system stimulation and anesthesia 
induction.52 Research suggests maintaining a mean arterial pressure (MAP) 20% above 
baseline during cross-clamping optimizes collateral cerebral blood flow and may 
reduce postoperative cognitive dysfunction.113  Treatment is dependent upon the 
physician preference and includes the following options:41, 52 
 

• Hypotension (in suspected hypovolemia): cautious volume expansion using 
isotonic crystalloid or colloid per physician choice  

• Hypotension (in normovolemia): IV phenylephrine  
• Hypertension: IV labetalol, nitroglycerin  

 
3.2.8 Assist as indicated if immediate reopening of the artery is required.  If the anesthesia is 

reversed and the patient is awakened in the operating room with new focal central 
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neurologic deficits; emergent re-exploration of the vessel may be done.41 The artery 
will be evaluated for pulse flow and examined for any correctable flow-limiting causes. 
  

3.2.9 Secure if present, any vacuum wound drains and assist with application of physician-
determined type of sterile dressing (including topical sprays) over the operative incision 
site. There is no clear evidence that supports one type of dressing over another to 
prevent surgical site infections (SSI).  The choice of dressing should be based on cost 
and symptom management goals114 (Class I).   
 

3.2.10  Assist anesthesia with ECG-monitored transport to the Post-Anesthesia Care Unit or 
other designated unit according to institutional protocol.    

 
4.   Postoperative Care 

After surgical recovery has occurred, the patient is transferred to a secondary nursing unit until 
discharge.  Depending upon institutional protocol, this may be an intensive care unit, a 
specialized cardiovascular/neurovascular or a vascular stepdown unit.  Patients are usually 
monitored overnight in these same units with hospital discharge generally occurring the day after 
the procedure.115   
 

4.1 Assessments 
4.1.1. Obtain vital signs (BP, apical pulse, respirations, SpO2), level of consciousness, pain 

and sedation level at the specified intervals during recovery and progress thereafter 
according to institutional protocol.  If the patient is transferred to a Post Anesthesia 
Care Unit (PACU), then use of a PACU scoring system is required (Class IV).116  
Maintain the systolic BP greater than 90mmHg and less than 180mmHg to avoid 
post-procedure complications of hypotension, hematoma formation and cerebral 
hyperperfusion syndrome.52,117 Respirations should include rate, depth, effort and 
symmetry.  If an arterial line is present, maintain system according to institutional 
policy. Pain and sedation levels should be assessed using a standardized scoring 
system.  Sedation scale options include the Richmond-Agitation Sedation, Motor 
Activity, Sedation-Agitation or the Ramsey.118  Pain is typically self-reported using a 
numeric or Faces scale.119 There is a lack of evidence regarding the frequency in 
obtaining vital signs (VS) in the immediate post-procedure period.  A single 
randomized controlled trial of 189 patients compared an experimental protocol (VS 
every 1 hour for 2 hours then every 4 hours for 24 hours) to standard practice (VS 
every 1 hour for 4 hours then every 4 hours for 24 hours) for post-operative patient 
monitoring.  There were no significant differences observed between the two groups 
at 4 or 24 hours.120  The authors recommend that clinician judgment should be used 
in monitoring VS frequency.  The American Society of PeriAnesthesia Nurses 
(ASPAN) advises that VS frequency should be determined by each individual 
facility and pain should be assessed frequently.116, 119 The ASPAN website reports 
that expert opinion states VS should be taken every 5 to 15 minutes during the initial 
stabilization and more frequently if clinically indicated.116   
 

4.1.2. Perform a neurological assessment upon unit arrival and at scheduled time intervals 
throughout the remaining hospital stay to monitor for the development of stroke.  
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There is a lack of evidence-based research specific to the timing of neurological 
assessments after a CEA. A frequency option can be modified from the guidelines 
published in the American Heart Association nursing and interdisciplinary care of 
the acute ischemic stroke patient.117 In those stroke patients receiving thrombolytic 
therapy, the recommendation for neurological assessments includes q15 minutes for 
the first two hours then progress to q1h for 16 hours. Further progression can be 
according to institutional protocol (typically every 4 hours until discharge). 
Minimally include: orientation, the Glasgow Coma Scale, pupil reaction to light, 
level of consciousness as described above and motor response. Other available 
stroke scales include; the Hunt and Hess Scale, NIHSS (National Institute of Health 
Stroke Scale) and Canadian Neurological Scale.121 The choice of stroke scale is 
dependent upon the institution. Compare results with the preoperative assessments.  
Notify the physician of any decrease in these post-operative findings.  This 
comparison allows for exposure of surgery-related neurologic sequelae.  
 

4.1.3. Perform a cranial nerve assessment upon unit arrival and at scheduled time intervals 
with the neurological assessment throughout the remaining hospital stay to monitor 
for cranial nerve injury. Notify the surgeon if any occur. The cranial nerves most 
frequently at risk include VII (facial), IX (glossopharyngeal), X (vagus), XI 
(accessory) and XII (hypoglossal). Refer to Appendix A for a description of the 
relevant cranial nerves and associated assessments.   
 
Cranial nerve injury is the most common complication following CEA with an 
incidence of 4-9%.37, 41  This is due to the anatomic location of the specific cranial 
nerves in relationship to the carotid bifurcation. Injury is typically transient resolving 
in several days to weeks. 
 

4.1.4.     Assess the neck incision site upon unit arrival and at scheduled time intervals with 
the neurological assessment throughout the remaining hospital stay to monitor for 
development of a neck hematoma. If a bulb drain is present, measure and record the 
drainage every shift. Notify the physician immediately if a neck hematoma occurs or 
there is an increase in volume or change in drainage color (e.g. from a dark red to a 
bright red).     
 

4.1.5 Administer oxygen via nasal cannula at flow rates as ordered. The goal is to 
maintain a target oxygen saturation of at least 94% in acutely ill patients and 92% in 
those patients at risk for hypercapnic respiratory failure unless otherwise specified 
(Class IV).122 
 

4.1.6.   Obtain a 12-lead ECG at the specified time per institutional protocol. Notify the 
surgeon of any abnormalities.   
The incidence of postoperative myocardial infarction after CEA is approximately 
2.3%.37 In many patients, carotid artery disease is considered a marker for diffuse 
arterial disease including the coronary arteries.   
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4.1.7. Maintain a patent IV site and continuous ECG monitoring as specified by the 
physician. The potential for cardiac arrhythmias, coronary ischemia and other 
hemodynamic complications may develop in the post-operative period. Notify the 
surgeon if any ECG changes occur.  
 
In addition to myocardial infarction, the potential for bradyarrhythmias may occur 
Research has demonstrated new onset atrial fibrillation is associated with 
intraoperative hypotension in the CEA patient 123 and those patients with a history of 
chronic atrial fibrillation had a higher risk of stroke and death from CEA.124 

   
4.2 Patient Positioning and Activity Level 

4.2.1 Elevate the head of the bed to 30-degrees or at physician-specified angle during the 
hospital stay.  This promotes venous drainage and reduces intracranial pressure.117 If 
a cervical block was used the patient is not able to eat or drink until the block wears 
off. The patient should be assessed for a pharyngeal reflex or gag reflex by touching 
the roof of the mouth, the back of the tongue, the area around the tonsils or the back 
of the throat.  If a gag reflex is established the patient can begin to drink and eat 
without risk of aspiration. Maintaining head elevation to 30-degrees is also necessary 
until the pharyngeal reflex returns. 

 
4.2.2 Maintain the patient on bed rest if ordered for the time as specified.   There is an 

absence of research studies specifying the precise bed rest time, however many 
institutions keep the patient in bed while vasoactive medications are required for 
hemodynamic stability. Once the medications are discontinued, the patient may get 
out of bed. Another clinical practice option is to maintain bed rest the day of surgery 
and then ambulate the next day.125  

 
4.3 Incisional Site Care 

4.3.1 Remove any dressings if present, at the time interval as specified.  The timing of 
dressing removal (within 48 hours or after 48 hours) does not appear to have a 
detrimental effect on outcomes126 (Class I).  

 
4.3.2 Keep the incision site dry for the first 48 hours after surgery.  Avoid use of topical 

antimicrobial agents127 (Class IV). 
 
4.3.3 Maintain vacuum on the bulb drain if present.  Remove the drain when ordered 

following institutional protocol. The type of drain and how the drain is secured should 
be verified before drain removal.128   

  
4.4 Nutrition and Elimination 

Once the patient has recovered from anesthesia, clear liquids are started. The patient is 
assessed for any swallowing difficulties. Diet is advanced to the preoperative diet either the 
evening of surgery or the next day once any complaints of nausea and vomiting have 
subsided. Complaints of dysphagia may require a bedside swallow evaluation to assess for 
aspiration.129 Avoid unnecessary urethral catheterizations by following hospital protocols 



21 
 

based on Centers for Disease Control and Prevention (CDC) indications for urinary catheter 
insertion and using multimodal interventions to reduce the need for catheter use.130, 131 
 

4.5 Assessment for Post-Operative Complications 
Notify the physician immediately if any of the following occur: 
 
4.5.1 Cranial nerve injury. As discussed under 4.1.3 in postoperative assessments, there are 

several cranial nerves that are at risk for injury due to their close proximity to the 
carotid bifurcation.  
 

4.5.2 Neck hematoma or bleeding. The risks of neck hematoma include tracheal deviation 
and airway compromise. Cervical bleeding risk factors include postoperative 
hypertension, incomplete heparin reversal, DAPT and use of low-molecular weight 
dextran.43,132,133 In the event of emergent airway compromise, the availability of 
fiberoptic intubation devices, suture removal kits and decompression of the airway by 
opening the incision may assist in tracheal intubation and airway stabilization.134  

 
4.5.3 Hypotension. The treatment is the same as described under 3.2.7. 

 
4.5.4 Hypertension. The treatment, blood pressure parameters and pathophysiological 

mechanisms behind the development of hypertension are the same as delineated 
under 3.2.7. 

 
4.5.5 Cerebral hyperperfusion syndrome. Defined as an increase in cerebral blood flow 

associated with impaired cerebral autoregulation, the reported incidence of 
hyperperfusion syndrome ranges from 0.4% to 7.7% after a CEA and a mortality rate 
of up to 100% in some research.41 Hyperperfusion syndrome typically occurs within 
two (2) weeks of the surgery.37, 41 A change in the level of consciousness, confusion, 
and headache are often first seen. The headache is typically severe and may be 
located in the temporal, frontal, or orbital ipsilateral side resembling a migraine with 
or without nausea.135, 136 There can be transient focal deficits or seizures without 
radiographic evidence of infarction from cerebral edema, and the most catastrophic 
complication; intracerebral hemorrhage.37, 136  Risk factors include age older than 75 
years, history of stroke, stenosis greater than 90%, contralateral stenosis, or a long 
history of hypertension.136 The pathogenesis is thought to be the linking of two 
mechanisms: first, a state of maximal vasodilation of the cerebral arterioles in 
response to reduced perfusion from the carotid artery narrowing and second, a 
postprocedure increase in BP that leads to an increase in the cerebral blood flow. The 
impaired myogenic and neurogenic response of the cerebral arterioles is unable to 
compensate for this increase in blood volume leading to the cerebrovascular sequelae 
described above.37, 41, 136 Strict blood pressure control in the postoperative period is 
the most important priority to prevent this occurrence.37, 41, 135, 136         
 

4.5.6 Stroke 
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The incidence of stroke following CEA is 2.3%.56 The major causes include technical 
issues, embolization from manipulation of the carotid artery, or inadequate flushing at 
the completion of the procedure.   

  
4.5.7 Infection 

The incidence of postoperative infection after carotid endarterectomy is less than 1% 
Healing difficulty may be seen in patients with a previously irradiated neck.41  A 
systematic review by Knight137 reported that CEA patch angioplasty using synthetic 
material was a potential source. The review noted that approximately 0.25-0.5% of 
Dacron patches became infected, with staphlycoccus aureus and staphylococcus 
epidermidis as primary organisms.137 
   

4.5.8 General anesthesia-related complications 
If the procedure performed under general anesthesia, the initial primary focus is on 
airway and breathing assessments.  Airway and oxygenation are supported as 
indicated with airway positioning, oxygen as indicated, monitoring respiratory rate, 
depth and effort along with the oxygen saturation, nebulizer treatments, medications 
and oropharyngeal suctioning.  Additional complications are treated per institutional 
protocol.  The following complications from general anesthesia may be observed: 138, 

139 
a. Upper airway obstruction from loss of pharyngeal muscle tone, edema, 

laryngospasm, neuromuscular blockade or history of obstructive sleep apnea. 
b. Hypoxemia from alveolar hypoventilation or pulmonary edema. 
c. Hemodynamic instability (hypotension/hypertension) 
d. Nausea and/or vomiting 
e. Shivering 
f. Delirium 

 
4.6 Diabetic Patient Management 

In diabetic patients, provide glucose monitoring through a point-of-care device at intervals 
as specified per institutional protocol. Supplemental short-acting insulin may be 
administered during the day of the procedure to maintain a target glucose level between 140 
and 180 mg/dL in these patients92 (Class II). Hyperglycemia may potentiate the release of 
pro-inflammatory mediators.140 
 

4.7 Postoperative Medications 
Administer the following medications as ordered: 

 
4.7.1 Antiplatelet therapy post CEA reduces the risk of stroke141(Class I). Antiplatelet 

therapy with aspirin is recommended indefinitely56 (Class IV). Beyond the first 
month, clopidogrel or combination low-dose aspirin and extended release 
dipyridamole may be administered as long-term prophylaxis against ischemic 
cardiovascular events56 (Class IV). An optional consideration is evaluation for 
clopidogrel resistance.  It has been reported that 16% to 50% of patients treated with 
clopidogrel have a heightened platelet reactivity (HPR) exposing the patient to the 
risk of acute vessel occlusion.142  Identifying poor antiplatelet responders through 
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laboratory testing may allow for early adjustment of the treatment plan. However 
currently there is no standardized nationally recommended platelet function test that 
assesses clopidogrel resistance.143  
 

4.7.2 Administer HMG-CoA reductase inhibitors (statins) daily at the time interval 
specified by the provider; or in cases of patient intolerance, use other agents that also 
target reduction in cholesterol and low-density lipoproteins (LDL) and increase in 
high density lipoproteins (HDL). Many manufacturers recommend a statin 
medication be taken at night because most cholesterol is synthesized when dietary 
intake is the lowest at this time.144 HDL reduces the accumulation of foam cells in 
the artery wall by acting as a scavenger molecule and decreases platelet aggregation 
among other functions. 145High-intensity statin treatment should be started in all 
patients under the age of 75 years with clinical atherosclerotic cardiovascular disease 
(ASCVD) unless contraindications are present146 (Class IV).  In patients over the age 
of 75 years, discussion should consider drug-drug interactions and patient 
preferences when initiating moderate or high intensity statin therapy146 (Class IV). 
High intensity is defined as an approximate 50% or more reduction in LDL-C, 
moderate intensity lowers LDL-C by approximately 30% to 50%.146  In those 
patients with familial history of heterozygous hypercholesterolemia or clinical 
ASCVD at maximal tolerated statin therapy, subcutaneous biweekly injections of 
alirocumab may be considered.147 
 

4.7.3 Administer oral mild analgesic agents, such as acetaminophen, if indicated, based on 
reported pain level and institutional protocol. Consider avoidance of opioids that 
may not only mask/interfere with the neurologic assessment but also may increase 
intracranial pressure and decrease cerebral perfusion pressure148 (Class III). 
 

4.7.4 Assess for postoperative nausea and vomiting (PONV) and medicate with ordered 
antiemetic as indicated.  The use of wrist acupoint P6 stimulation is another 
adjunctive treatment effective in reducing PONV149 (Class I). There is no evidence 
supporting aromatherapy as an adjunct in treating PONV.150 Nausea and vomiting 
can cause a transient or sustained rise in blood pressure which can lead to cerebral 
hyperperfusion syndrome.   
 

4.7.5 Restart any home medications the patient is on such as antihypertensive agents at the 
pre-operative prescribed dose.  If the patient is on warfarin or another Vitamin K 
antagonist (VKA), resume as ordered approximately 12 to 24 hours (the evening of 
or the next morning) after the surgery when there is adequate hemostasis151 (Class I).  
Delay restart of VKA if hemostasis is uncertain or there are other reasons to delay 
therapy. If needed, consider a bridging treatment with low-molecular weight heparin 
administration until the VKA may be restarted.151 Resumption of other oral 
antithrombotic agents such as dabigatran or rivaroxiban is dependent upon 
institutional protocol and verification of established hemostasis.  There is no 
research recommending a precise restarting time for either of these oral 
antithrombotic agents after surgery. 
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4.8 Diagnostic Studies 
Completion imaging (such as carotid duplex ultrasound) while the patient is hospitalized 
after CEA is per physician preference.33 Schedule as ordered, follow up noninvasive 
imaging of the carotid arteries after discharge.  Testing should be performed at scheduled 
intervals.  Scheduling options may include initial evaluation in 30 days, 6 months and 
annually afterwards to assess for vessel patency56 (Class IV). Once vessel patency 
stability has been established, vessel evaluation at longer time intervals may be 
considered.56  
 

4.9 Patient Education 
Provide discharge patient education regarding the following as indicated by institutional 
protocol and physician preference.  This includes:  

 
4.9.1 Continue prescribed medications with an emphasis on compliance as a means to 

reduce disease progression and the risk of development of complications. 
 

4.9.2 Activity and incisional care to include the following  
4.9.2.1 May shower after discharge at the time specified by the physician. Avoid 

use of lotions or ointments on the incision. Avoid rubbing the incision. 
Inspect the incision daily for signs of redness or drainage. Inform the 
patient that numbness along the jaw is common postoperatively and 
subsides within 6-12 months. Avoid clothing that rubs against the incision 
until it heals.152 There is currently no evidence supporting or refuting 
benefits or harms from early versus delayed bathing in development of 
surgical site infections153 (Class I).   

 
4.9.2.2 Avoid driving until the neck incision has healed and the head can be 

turned without discomfort.152  
 

4.9.2.3 Limiting the amount of weight the patient may lift is dependent upon 
physician preference.  Clinically, patients are often cautioned against 
lifting anything heavier than 10 pounds for 48 hours after discharge.154 

 
4.9.3 Signs and symptoms to report to the physician:152 

4.9.3.1 Reoccurrence of neurologic symptoms or new neurological signs such as 
dizziness, paresthesias, vision changes or dysphagia. Several potential 
reasons for these may include disease progression, emboli/thrombus or 
technical issues such as vessel kinking. 

4.9.3.2 Worsening headache that is similar to a migraine, which could be a sign of 
cerebral hyperperfusion syndrome (as described in Hyperperfusion 
syndrome). Early recognition of reperfusion syndrome can prevent 
significant negative outcomes. 

4.9.3.3 Cardiopulmonary: dyspnea, chest pain, peripheral edema, productive sputa 
4.9.3.4 Signs of infection: fever, incisional changes 

 
4.9.4 Management of modifiable risk factors: 
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4.9.4.1 Smoking cessation counseling/adjunctive options.  It has been 
demonstrated that patients who are current smokers have greater internal 
and common carotid wall thickening and internal carotid stenosis 
compared to non-smokers155,156 (Class III). 
 

4.9.4.2 Glycemic control in patients with diabetes as measured by the 
glycosylated hemoglobin level (A1c) to be maintained below or around 
7%. (Class IV).92  A high A1c level was found to be an independent 
predictor of intimal hyperplasia development leading to restenosis.157 

 
4.9.4.3 Hypertension management to reduce the risk of postoperative cerebral 

hemorrhage and hyperperfusion syndrome as described above and to 
reduce disease progression.  Hypertension increases intimal and medial 
arterial thickening, thus reducing blood flow158 (Class II).  In the general 
population, for patients 60 years or older, initiate pharmacologic treatment 
to lower the BP to a treatment goal of SBP <150mmHg and DBP 
<90mmHg159 (Class IV). Provide education on the following lifestyle 
modifications: smoking cessation, weight reduction, limit sodium intake, 
avoid use of illicit drugs (cocaine, methamphetamines), limit alcohol 
consumption, increase physical activity level and stress reduction160 (Class 
IV). 

 
4.9.4.4 Cholesterol reduction through dietary modifications, disease control and 

medication compliance to reduce the risk of atherosclerotic disease 
progression and restenosis.146  

 
4.10 Outcomes Reporting 

Assist in data collection and reporting of outcomes as indicated based on the institutional 
quality improvement requirements. Utilize a standardized registry such as the Vascular 
Quality Initiative from the Society for Vascular Surgery or the Cardiovascular Data Registry 
Carotid Artery Revascularization and Endarterectomy Registry from the American Heart 
Association.161  This will allow for assessment of risk-adjusted outcomes and benchmarking 
of institutional metrics against national results. 
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Appendix A: Nursing Activities Checklist in Caring for CEA Patient 
CEA Nursing Activities** 
Pre-Operative Yes No NA 

• Assess for co-morbid conditions, risk factors & previous carotid/neck surgery. Notify MD if present    
• Obtain baseline vital signs (BP both arms, apical/radial pulse, respirations, SpO2, temperature)    
• Obtain list of current medications & assess for any allergies    
• Perform a targeted physical assessment. The neurological component to include speech, pupils, facial symmetry, 

gait, Glasgow coma scale, NIHSS, cranial nerves. Notify MD of abnormal results. 
   

• Verify ordered diagnostic tests are done. Notify MD of any abnormal results.    
• Start 1-2 peripheral IV sites according to institutional protocol.    
• Cleanse skin using chlorhexidine shower or disposable wipes.    
• Maintain NPO status for at least 8 hours prior to the procedure    
• Provide patient education regarding medications, risk factors, peri-procedural/post-procedural care    
• Administer medications as ordered (antiplatelet, lipid lowering, antihypertensives excluding diuretics). Withhold 

oral hypoglycemic agents the morning of the procedure. Administer insulin based upon institutional protocol. 
Withhold antithrombotic medications as specified.  

   

• Assist surgeon as indicated in surgical site marking.    
• Perform pre-procedure verification process according to institutional protocol.    
• Administer antibiotic as ordered within one (1) hour of incision.    

Intra-Operative Yes No NA 
• Assemble surgical instruments per MD preference.    
• Attach ECG monitor, non-invasive BP cuff, SpO2 probe to patient. Obtain baseline BP, heart rate, respirations, 

SpO2, ECG rhythm.   
   

• Assist anesthesia as indicated with setup and insertion of arterial line.    
• Assist with positioning of head and neck.    
• Monitor vital signs, ECG rhythm and complications during procedure. Notify MD if present.    
• Administer ordered medications as indicated (unfractionated heparin, antihypertensives)    

Post-Operative Yes No NA 
• Monitor vital signs, ECG rhythm, pain and sedation levels at specified intervals. Include assessment of neck 

dressing & incision for hematoma or drainage (including bulb drain if present) with assessments. Notify MD of 
vital sign changes or neck hematoma develops or bulb drainage increases. 

   

• Perform neurological & cranial nerve assessment upon arrival and at scheduled intervals (orientation, Glasgow 
Coma Scale or other stroke scale as specified, pupil reaction) 

   

• Titrate IV antihypertensive medication to targeted systolic or mean arterial blood pressure    
• Titrate oxygen if ordered to maintain a SpO2 of 94% in acutely ill patients & 92% in patients at risk for 

hypercapnic respiratory failure 
   

• Maintain patent IV site and continuous ECG monitoring until discharge or as specified by the MD    
• Obtain a 12-lead ECG at specified time     
• Remove any neck incision dressings at time interval specified. Maintain vacuum on bulb drain if present.    
• Keep the head of the bed at 30 degrees & maintain bed-rest for specified time interval    
• Resume clear liquids & progress diet when ordered.  Assess for complaints of dysphagia & notify MD if 

present.   
   

• Assess for post-procedure complications – notify MD immediately if any occur    
• Provide patient education regarding risk factor modification, medications, activity restrictions, incision care, 

signs and symptoms to report to MD 
   

• Administer post-procedure medications (antiplatelet agents, antihypertensives). Follow institutional protocol for 
oral antithrombotics. If diabetic: hypoglycemics may be restarted the morning after the surgery.  If angiographic 
confirmation of revascularization performed during the surgery, withhold metformin/derivatives for 48-hours 
after the procedure.   

   

• Schedule follow up completion imaging studies (such as carotid duplex ultrasound) as ordered    
• Assist in data collection/outcome reporting as indicated based upon institutional requirements    

**These are general recommendations – follow your institutional protocol 
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APPENDIX B 
PERTINENT CRANIAL NERVE ASSESSMENT 

 
Facial (VII): Test patient’s ability to raise eyebrows, close eyelids, frown, smile, pucker, and 
taste. Symptoms of injury would include ipsilateral lip droop and inability to smile. 
 
Glossopharyngeal (IX): Observe soft palate in the back of the upper mouth for equal movement 
and uvula for deviation. Check gag reflex. Symptoms of injury would include dysphagia with 
ipsilateral Horner syndrome (ptosis, exophthalmos, and decreased sweating). 
 
Superior laryngeal vagus (X): Check speech and ability to swallow. Symptoms of injury may 
include a weak voice and dysphagia. Patient may be more prone to aspiration. Because the vagus 
nerve lies near the carotid artery, it may be affected by edema. As a result, bradycardia can 
occur, which can decrease cerebral perfusion and cause neurologic changes. In the period of 1–5 
hours post procedurally, reflex hypotension can occur associated with hypovolemia or vagal 
stimulation. 
 
Recurrent laryngeal-anterior vagus (X): Test swallowing and gag reflex. Symptoms of injury 
may present as vocal cord paralysis or inadequate gag reflex. Injury to more than one laryngeal 
nerve is associated with increased chance of stridor and airway obstruction. 
 
Spinal Accessory (XI): Test patient’s ability to move head laterally, flex neck and shrug 
shoulders. Symptoms of injury may affect neck and shoulder movement and alignment. 
 
Hypoglossal (XII): Test the patient’s tongue strength and ability to protrude tongue. Symptoms 
of injury are seen in the ipsilateral tongue, causing problems with speech and mastication. 
Unilateral motor damage to this nerve causes tongue deviation to the same side.  
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Figure 1 
Arteries of the Head and Neck 

(Figure published in: Moser, D., Reigel, B. (Eds), Cardiac Nursing, Figure 74-4, ©Elsevier 
2007) 
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Figure 2 
Carotid Artery with Atherosclerosis 
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Figure 3 
Carotid Endarterectomy Neck Incision Options 
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