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Stem Case and Key Questions Content 
A 70-year-old 80 kg woman is brought to the operating room for an urgent right carotid 
endarterectomy. The patient has experienced recurrent unilateral transient ischemic attacks over the 
past week. Carotid angiogram demonstrated a 70% occlusion of her right internal carotid artery, and a 
complete occlusion of her left internal carotid artery. Her current medications include digoxin, 
furosemide, nifedipine, aspirin and nitroglycerin prn. Past medical history is significant for 
hypertension for 20 years, anterior wall MI one year ago with mild CHF following infarct. A cardiac 
catheterization 8 months ago demonstrated an ejection fraction of 30%. The patient has occasional 
exertional angina and 2-pillow orthopnea. 
 
1. What other pre-operative evaluations are necessary for this patient? 
 
2. Is regional anesthesia preferable to general anesthesia for this procedure and/or this patient? Why 
or why not? 
 
3. Is her age a factor in your decision regarding the choice of anesthetic? 
 
4. What are the advantages of each anesthetic choice? 
 
5. Does regional anesthesia provide the best monitor of neurological function? 
 
6. In case of regional anesthesia, what type of block would you pick - superficial cervical plexus alone 
or superficial cervical plexus combined with deep cervical plexus block? 
 
Case Continuation: The surgeon thinks there is a high likelihood of him needing to shunt and requests 
that the case be done under general anesthesia. 
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7. What general anesthetic would you choose? Why? Does it make a difference in outcome? 
 
8. In case of general anesthesia, is there a difference in outcome between selective and routine 
shunting? 
 
9. What is the likely cause of a peri-operative stroke in a patient undergoing a carotid endarterectomy 
procedure? 
 
10. What monitors of cerebral function would you use? Electroencephalogram (EEG)? Cerebral 
oximetry? Stump pressures? Processed EEG? Somatosensory evoked potentials (SSEP)? 
 
11. Which neuro-monitor is considered the gold standard for monitoring cerebral function in patients 
undergoing carotid endarterectomy under general anesthesia? 
 
12. What are the limitations of EEG as a monitor for cerebral function in patients undergoing carotid 
endarterectomy under general anesthesia? 
 
13. Are there any advantages of SSEP over EEG when used as a monitor to detect cerebral ischemia 
in patients undergoing carotid endarterectomy? 
 
14. How reliable is stump pressure as a monitor in this setting? What target pressures are reassuring 
of adequate cerebral perfusion? 
 
15. What are the advantages and disadvantages of Transcranial Doppler (TCD) as a monitoring 
modality for patients under carotid endarterectomy? 
 
16. Is there a role for near-infrared spectroscopy (NIRS) in carotid endarterectomy in perioperative 
stroke prevention? 
 
17. Is there a role for a “wake-up” test to ascertain adequacy of cerebral blood flow in patients 
undergoing carotid endarterectomy under general anesthesia? 
 
 
Model Discussion Content 
Carotid endarterectomy (CEA) clearly reduces the risk of stroke in symptomatic patients with high-
grade stenosis of the internal carotid artery and has a marginal but statistically significant benefit in 
patients with asymptomatic carotid artery disease.1-3 Stroke and myocardial ischemia are major 
causes of morbidity and mortality associated with CEA. Improvement in medical management as well 
as better understanding of monitoring techniques has resulted in a substantial improvement. 
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The presence of contralateral carotid artery disease can have a significant impact on outcomes. 
Patients with contralateral carotid artery disease may have insufficient collateral flow to sustain 
cerebral perfusion and oxygenation during cross clamping. The patient described here has 
symptomatic carotid disease, and is at higher surgical risk based on the contralateral carotid occlusion 
and the presence of coronary disease. This patient is more likely to require shunting and hence may 
be better suited for a general anesthetic. In a small, prospective, observational study of 80 patients, 
who underwent CEA under regional anesthesia, shunt placement was based on neurologic 
symptoms.4 Patients who were shunted were more likely to have had contralateral carotid stenosis of 
at least 50%. Also, patients requiring a shunt were seven times more likely to have had a contralateral 
carotid stenosis coupled with a history of stroke. 
 
Many believe that major surgery, including carotid endarterectomy, is inherently safer, if it can be 
performed under local or regional anesthesia (LA) rather than general anesthesia (GA), particularly in 
a sicker patient. The General Anesthesia vs Local Anesthesia for carotid surgery (GALA) trial tested 
the hypothesis that LA is safer than GA in a large population undergoing carotid endarterectomy.5-6 
The multicenter (95 centers in 24 countries) GALA trial randomized 3526 patients with 
symptomatic/asymptomatic internal carotid stenosis to carotid endarterectomy with either LA or GA. It 
was suggested that avoiding the physiological disturbances produced by GA is beneficial and that 
there may be benefits specific to carotid surgery, including the following: 
 
• Definitive monitoring of brain function with an awake patient, in particular during carotid cross-
clamping. The patient can also report angina or other problems. 
• The preservation of cerebral and systemic autoregulation to provide adequate cerebral perfusion 
pressure, and reduce the risk of low global or regional brain perfusion. 
• As a result of the above, a reduction in the need for a carotid shunt. 
 
The GALA trial did not show a difference in the primary outcome (postoperative stroke, myocardial 
infarction, or death between randomization and 30 days after anesthesia) between patients 
undergoing CEA under LA (n=1773) vs GA (n=1753; 4.5% vs 4.8%, respectively; risk ratio [RR], 0.94; 
95% confidence interval [CI], 0.70-1.27; P . not significant).6 Slightly more (but not significantly so) 
patients in the GA group had a stroke (70 vs 66 patients, or 4.0% vs 3.7%, respectively). Death 
occurred between randomization and 30 days after anesthesia in slightly more (but not significantly 
so) patients under GA than under LA (26 vs 19 patients or 1.5% vs 1.1%, respectively). 
 
Carotid endarterectomy can be conducted under combined deep and superficial cervical plexus 
blocks as well as superficial block alone. It has been assumed that deep cervical plexus block is 
needed to provide adequate anesthesia. In a systematic review of published studies (Pandit JJ et al) 
that assessed the complication rate associated with superficial and deep (or combined deep plus 
superficial) blocks the complication rates were equal.7 In this review of a total of 7558 deep/combined 
blocks and 2533 superficial blocks from 69 published reports, deep/combined block was associated 
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with a higher serious complication rate related to the injecting needle when compared with the 
superficial block (odds ratio 2.13, P.0.006). The conversion rate to general anesthesia was also higher 
with deep/combined block (odds ratio 5.15, P,0.0001). The authors concluded that superficial block is 
safer than any method that employs a deep injection. The higher rate of conversion to general 
anesthesia with the deep/combined block may have been influenced by the higher incidence of direct 
complications. 
 
Several studies have shown that carotid shunting relieves cerebral ischemia caused by carotid 
clamping, as measured by electroencephalographic (EEG) changes, middle cerebral artery velocity 
changes on transcranial Doppler (TCD), or neurological status. There is also evidence that suggests 
that placing a shunt in the setting of severe cerebral ischemia decreases the stroke rates. Minimizing 
ischemic time to the brain by routine shunting also has the theoretic advantage of limiting cerebral 
ischemia/reperfusion injury. On the flip side, several large series have documented excellent results of 
CEA without any shunting at all. Also, it has been argued that there is some inherent added risk of 
embolic stroke with the placement of the shunt. Boontje reported the results of 342 CEAs without 
shunts with a perioperative stroke rate of 1.7% and a mortality rate of 1.5%.8 There was no significant 
difference in the incidence of neurological deficits relative to the condition of the contralateral carotid 
artery (normal 1.4%, stenotic 2.9%, total occlusion 0%), nor between patients with stump pressures of 
50 mm Hg (1.2%), 20 to 50 mm Hg (2%), and 25 mm Hg (3.8%). 
 
It is not clear if routine shunting is better than selective shunting in patients undergoing CEA under 
general anesthesia. In a recent Cochrane review, three trials involving 686 patients compared routine 
shunting with no shunting.9 For routine versus no shunting, there was no significant difference in the 
rate of all stroke, ipsilateral stroke or death up to 30 days after surgery, although data were limited. 
When it comes to monitoring for cerebral perfusion during carotid cross-clamping, the gold standard is 
an awake patient when continuous monitoring of the brain can be accomplished by direct neurologic 
assessment as with regional anesthesia. Unfortunately, not all patients are candidates for regional 
anesthesia. Various methods have been used to monitor cerebral function during GA to identify the 
need for shunting during CEA such as electroencephalography, measurement of internal carotid 
artery stump pressure, monitoring of middle cerebral artery blood flow velocity with transcranial 
Doppler, cerebral infrared oximetry, and some combinations of the aforementioned.10 
Intraoperative EEG monitoring is the most widely used form of intraoperative monitoring to detect 
ischemia and is considered as the gold standard in a patient under GA. It can be performed by using 
8, 12, or 16 leads, with the 16-lead configuration being standard. Standard criteria for intraoperative 
ischemia are at least 50% decrease in fast background activity, increase in delta wave activity, or 
altogether loss of EEG signals. By using these criteria, shunt use can be minimized. In some of these 
studies, the decreased use of shunts results in improved neurologic outcome, whereas, in others, it is 
unchanged or even worse.11-12 Common findings in all of these studies are that EEG is overly 
sensitive (positive in 10%-40% of patients with unilateral carotid disease and as high as 69% with 
bilateral carotid disease), overestimating the number of people who require shunts. Despite being a 
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sensitive monitor, several series have documented neurologic events that occur in the absence of 
EEG abnormality, when shunting is not used. For example, Tempelhoff et al found that 5 of 6 patients 
with postoperative deficits in a series of 103 patients showed EEG changes only late in the operation 
when shunting was no longer feasible.13 
 
Although there are proponents of SSEP as a tool to monitor for cerebral function based on its 
feasibility, safety, and high reliability but its utility has not been well characterized. Wober et al found 
by meta-analysis of 15 studies that SSEP monitoring is not a reliable way to detect ischemia.14 
Transcranial Doppler (TCD) has been used to identify patients who would need shunting during CEA 
and also to verify shunt placement by restoration of baseline velocities after shunt placement. 
Additionally, TCD can detect emboli that occur during the course of the operation (ie, dissection, shunt 
placement, and restoration of flow after shunt removal) as well as post-procedural detection of emboli. 
Visser et al found that a normal TCD could safely avoid shunting in one third of patients, but that an 
abnormal TCD predicted ischemia by EEG only 60% of the time.15 Cao et al used neurologic 
changes observed under RA as a gold standard to verify predictions of ischemia by TCD (as well as 
stump pressure) and found that TCD was not a good test to detect clamp ischemia.16 Moreover, the 
TCD study was technically inadequate in 25% of patients in their series. 
 
Stump pressure (SP) has been proposed by some investigators as a reliable indicator of adequacy of 
cerebral perfusion during CEA. The basic idea behind SP is to have an objective measurement for 
collateral cerebral circulation. Some have advocated using a mean arterial pressure (MAP), while 
others have used the peak systolic pressure. The SP threshold has varied across different studies 
and centers. In a larger study of 297 CEAs by Hays et al, the authors concluded that an SP of 50 mm 
Hg or more is needed in order not to shunt.17 However, 2.7% of patients with an SP of 50 mm Hg had 
some neurological deficit. On the other hand, many authors have questioned the clinical relevance of 
SP. Harada and colleagues demonstrated that an SP of 50 mm Hg correlated with a sensitivity of 89% 
in patients who developed ischemic EEG changes during carotid cross-clamping, and a pressure of 
50 mm Hg had a negative predictive value of 96%.18 The striking finding in this study was that an SP 
of 50 mm Hg had a positive predictive value of only 36%. 
 
More recently, cerebral oximetry (CO) or near infra-red spectroscopy (NIRS) has been used as a 
noninvasive, inexpensive tool to monitor cerebral function. CO can provide a continuous real-time 
objective evaluation of cerebral flow during CEA. However, the feasibility of CO has not yet been well 
characterized. Also, correlation between CO and other objective measures for cerebral circulation has 
not been well examined. 
 
In conclusion, there is significant variability amongst practitioners with regards to shunting during 
CEA. Both routine shunting and selective shunting have been associated with a low stroke rate. Both 
methods are acceptable, and the individual surgeon should select the method with which they are 
more comfortable. When it comes to optimal monitoring for cerebral function, an awake patient is the 
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best monitor. This is obviously only possible under regional anesthesia. In patients under GA, none of 
the currently available cerebral function monitors provide a high degree of specificity and sensitivity. 
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