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Stem Case and Key Questions Content 
A 71 year-old man presents with aphasia and right-sided weakness. Onset is assumed to be four 
hours ago when he spoke to his wife on the phone. He has a past medical history of diabetes and a 
“heart history.” The neurologist performs an exam and makes a clinical diagnosis of left middle 
cerebral artery (MCA) syndrome with an NIH stroke scale (NIHSS) score of 15. 
 
1. What therapies are available to treat this patient’s stroke? 
 
2. What if it had been seven hours since he was “last known normal?” 
 
A rapid computed tomography scan shows a proximal occlusion of the left MCA with no evidence of 
hemorrhage. The neurointerventionalist feels that the patient is a good candidate for endovascular 
reperfusion therapy based on the imaging and wishes to proceed immediately to the 
neuroangiography suite. 
 
3. How does imaging identify patients likely to benefit from endovascular therapy? 
 
4. How does your hospital minimize time from door-to-puncture or “picture-to-puncture?” 
 
You examine the patient as he is transferred from the scanner to a stretcher. He is a calm, thin male 
with a blood pressure of 140/95, a heart rate of 72, a respiratory rate of 20 and an oxygen saturation 
of 92% on 2 liters nasal cannula. His lungs are clear to auscultation anteriorly and you note a loud 
systolic murmur that radiates both to the neck and axilla. 
 
5. What additional work-up, if any, would you request prior to starting the case? 
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6. Based on this information what is your plan for monitoring and access? 
 
While the patient is en route to the angiography suite you meet his wife. She reports that the patient is 
scheduled for “a triple bypass and double valve replacement” next month. She has brought his 
records which include a recent echocardiogram showing severe aortic stenosis and mitral 
regurgitation with an ejection fraction of 40%. The neurointerventionalist still wishes to proceed and 
says she is comfortable doing the case under whatever type of anesthesia you deem appropriate. 
 
7. Would you proceed? If so, what is your plan? 
 
8. How does the patient’s unclear NPO status figure into your anesthetic plan? 
 
Suppose the neurointerventionalist changes her mind and now requests MAC. She cites studies 
showing better outcomes when the procedure is performed with sedation instead of general 
anesthesia. 
 
9. How would you respond to pressure from the neurointerventionalist to do the case under MAC if 
you thought general anesthesia was more appropriate? 
 
10. If you would proceed with sedation what agent(s) would you use? 
 
11. What would you do if the patient became uncooperative? 
 
When the patient is laid flat in preparation for transfer to the angiography table he begins to wheeze.  
This resolves almost immediately after raising the head of the stretcher. 
 
12. How would you manage this respiratory issue? 
 
Suppose you address this respiratory issue by carefully inducing and intubating the patient. During 
this process his blood pressure falls to 120/60. 
 
13. Would you treat this pressure? Why or why not? What is your preferred agent? 
 
14. What are your blood pressure targets during the case and how will you achieve them? 
 
15. The blood pressure is now 160/90 and the neurointerventionalist says she is about to reperfuse.  
Why might she ask you to lower the blood pressure? 
 
You check an arterial blood gas and note the pCO2 is 34 mmHg and blood glucose is 170 mg/dL. The 
bladder temperature reads 38.1 °C. 
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16. What actions, if any, would you take based on these values? 
 
17. The neurointerventionalist deploys the closure device and asks that you ready the patient for 
extubation. How, if at all, would your extubation criteria differ for a stroke patient compared to a 
surgical patient? 
 
 
Model Discussion Content 
In the United States, an ischemic stroke occurs every 45 seconds on average and each carries an 
estimated mean lifetime cost of roughly $140,000.[1] Although current guidelines permit intravenous 
tissue plasminogen activator (tPA) administration within 4.5 hours of onset, its benefit over placebo is 
markedly diminished after 3 hours.[2] Randomized controlled trials (RCTs) of the first generation of 
endovascular reperfusion devices failed to show a benefit over tPA alone. In 2015, however, five 
RCTs were published showing a benefit of second-generation devices (stent retrievers) over best 
medical therapy.[3-7] As shown in the attached table, the number needed to treat (NNT) to achieve an 
additional good outcome ranged from 3 to 7 in these trials. 
 
These trials had relatively rapid time-to-treatment windows. The median time from symptom onset to 
groin puncture ranged from 210 minutes in EXTEND-IA[4] to 269 minutes in REVASCAT.[7] In 
ESCAPE, median onset-to-reperfusion was reported as 241 minutes in the 165 intervention 
patients.[5] The DAWN trial (NCT02142283) is an ongoing RCT of intervention in patients presenting 
6-24 hours after stroke onset. It is projected to finish in 2017, but there are retrospective data 
supporting improved outcomes for selected patients who are reperfused more than 9 hours after 
onset.[8] 
 
Imaging plays a crucial role in patient selection for endovascular therapy. Although the particular 
techniques used vary by institution, the overall goal is to identify patients with a small infarct core and 
substantial brain tissue that is at risk but salvageable (Figure 1). One system for estimating core size 
is the Alberta Stroke Program Early Computed Tomography Score (ASPECTS). The infarct core 
represents tissue that is so compromised it is unlikely to recover even if the occluded vessel is 
reopened. The at-risk tissue, often referred to as the “ischemic penumbra,” has limited blood flow via 
collateral circulation and may become infarcted if the vessel remains occluded.[9] 
 
Even with moderate collateral circulation, the infarct core will expand over time. By one published 
calculation, an average of 1.9 million neurons die each minute a stroke goes untreated.[10] For this 
reason there is tremendous emphasis on minimizing the time from presentation to reperfusion. The 
neurointerventionalist’s desire to start quickly is sometimes in conflict with the anesthesiologist’s 
desire to start safely. There must be a systems approach to workflow[11]: what is the most efficient 
sequence of steps and how can each step be accomplished quickly and safely? Steps relating to 
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anesthetic management include preprocedure evaluation, placement of lines and monitors, and 
achieving the chosen depth of anesthesia or sedation. 
 
The recent Society for Neuroscience in Anesthesiology and Critical Care (SNACC) consensus 
statement recommends performing the preprocedure evaluation “as quickly as possible with the 
understanding that the risk benefit ratio of proceeding with a limited ... evaluation for these urgent 
procedures is not known.”[12] Since medical history is frequently limited for these cases it may be 
prudent to assume patients have some underlying cardiac disease. The SNACC task force 
recommends invasive blood pressure monitoring as long as placement of the line does not delay 
endovascular therapy. The benefits of placing arterial line before induction must be weighed against 
the risks of delaying therapy. In many cases blood pressure may be monitored from the sheath placed 
by the neurointerventionalist if cannulation proves difficult elsewhere. Doing this may require a larger 
or specialized sheath and should either be part of a protocol or discussed on a case-by-case basis. 
The choice of anesthetic technique is the most controversial topic in the management of these 
patients. General anesthesia (GA) offers a motionless patient and secure airway but carries the risk of 
increased hypotension. Sedation offers the option of ongoing neurological evaluation and 
hemodynamic stability but carries the risk of aspiration. All studies to date have been retrospective 
and subject to selection bias and other associated methodological limitations. GA patients in these 
reports group have more severe strokes at baseline as measured by the NIH stroke scale (NIHSS). 
Nevertheless, a recent meta-analysis of six studies which controlled for baseline NIHSS found that 
general anesthesia carried an odds ratio (OR) for death of 2.22 (95% confidence interval (CI) 1.54-
3.20) and an OR for good outcome of 0.38 (95% CI 0.25-0.60).[13] No study has shown an increased 
risk of vessel perforation with local anesthesia. Although one of the theoretical benefits of GA is better 
operating conditions it was associated with much lower rates of effective reperfusion in the four trials 
that reported this metric. 
 
The SNACC task force felt that literature published through August 2012 was not sufficient to 
influence anesthetic choice.[12] They stressed the need to individualize care but opined that local 
anesthesia was reasonable for cooperative patients without nausea or vomiting who can protect their 
airway. Since both of these factors may change during a case they recommended readiness to 
quickly convert to GA. Most published rates of conversion to GA are in the range of 5-10%. 
Although aspiration is a feared complication of performing these emergency surgeries under MAC, 
there is almost no evidence to guide clinical decision making. The rate of vomiting in unfasted patients 
receiving sedation in the emergency department was 34 in 2146 (1.6%) in one case series.[14] That 
study reported only one aspiration event and another series reported one aspiration in 4657 
emergency room sedations.[15] In a recent cardiology study there were no episodes of aspiration 
among 1178 unfasted patients receiving emergency stenting for acute coronary syndrome.[16] Acute 
stroke patients may have a higher baseline risk for aspiration, yet there is an ongoing clinical trial of 
non-invasive positive pressure ventilation (NIPPV) in these patients (NCT01812993). Two small 
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feasibility studies of NIPPV in acute stroke had one episode of aspiration in a combined total of 110 
patients.[17, 18] 
 
Studies published since the release of the SNACC paper have continued to favor local anesthesia 
with or without sedation. Analysis of a stent retriever registry found no difference in rates of 
reperfusion between the GA and sedation groups and GA patients actually had a shorter onset-to-
puncture time.[19] In spite of this, in the multivariate analysis GA carried an OR of 2.4 (95% CI 1.2-
5.1) for poor neurologic outcome and 3.3 (95% CI 1.6-7.1) for death.[19] This effect persisted even 
after excluding those patients intubated for airway protection prior to arriving in the angiography suite. 
Among the newly-published RCTs, only MR CLEAN[3] had enough patients (88, 38% of intervention 
group) treated under GA to offer any additional insight. These data were presented as a late-breaking 
abstract at the recent International Stroke Conference (presented as LB17 on February 13, 2015 and 
last accessed online April 23, 2015). The presentation, which garnered extensive media coverage, 
indicated that patients who received endovascular therapy under GA were statistically 
indistinguishable from those who received medical therapy alone. In the subsequent peer-reviewed 
publication, however, the adjusted model did not show a statistically significant difference between the 
GA and non-GA groups.[20] 
 
Potential explanations for the association between GA and worse outcomes include failure to control 
for differences in baseline severity or intraprocedural hypotension. Initial data from our center 
revealed that controlling for severity with ASPECTS eliminated the advantage of sedation over 
GA.[21] This raises the possibility that other studies controlling only for NIHSS are underestimating 
stroke severity in their GA patients. The role of hypotension during endovascular therapy was first 
studied by Davis and colleagues, who found that lowest systolic blood pressure less than 140 mmHg 
was an independent predictor of poor outcome.[22] We found a similar relationship for lowest mean 
arterial pressure (MAP) in our initial dataset.[21] We presented an update of our single center 
experience at the 2014 Society for Vascular and Interventional Neurology (SVIN) meeting (Figure 2). 
No matter what type of anesthesia is chosen, maintaining adequate perfusion pressure may preserve 
collateral flow and protect the ischemic penumbra. On the other hand, uncontrolled hypertension 
could lead to hemorrhage, especially if the patient received tPA. In the absence of quality studies, the 
SNACC consensus statement recommends maintaining systolic blood pressure between 140-180 
mmHg and diastolic blood pressure less than 105 mmHg.[12] After reperfusion there may be a risk of 
hyperperfusion, so the task force suggests discussing a lower blood pressure goal with the 
neurointerventionalist. There are no trials formally testing the hypothesis that maintaining blood 
pressure with vasopressors improves outcome. In fact, a group that tried to implement parameter-
guided hemodynamic management of these patients found that giving more norepinephrine was 
associated with poor outcome.[23] 
 
Other recommendations for anesthetic management during stroke mirror those for brain-injured 
patients in general. Although there are insufficient data to recommend induced hypothermia, fever 
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should be treated to restore normothermia.[12] Hyperglycemia is associated with larger infarcts in 
epidemiologic studies. The SNACC task force recommends giving insulin for glucose levels above 
140 mg/dL with a goal range between 70 and 140 mg/dL.[12] These recommendations are supported 
by a recent paper looking at patients who had a poor outcome despite successful endovascular 
reperfusion. The mean glucose of the group with poor outcome was 156 mg/dL, compared to 
118mg/dL in the group with good outcome.[24] 
 
For those patients getting GA with controlled ventilation, the SNACC consensus statement 
recommends maintaining pCO2 between 35 and 45 mmHg.[12] A subsequent study of a cohort of GA 
patients noted higher average etCO2 in the subgroup with good outcomes (32 vs 35 mmHg).[25] On 
the other hand, another group recently noted an association between poor outcome and percentage 
of time with an etCO2 of 40-45 mmHg.[23] Based on these limited data it seems reasonable to 
maintain etCO2 between 35 and 40 mmHg. 
 
In conclusion, ischemic stroke continues to be a leading cause of death and disability with total costs 
in the United States exceeding $30 billion in 2010 alone.[1] Stroke is a disease where seconds truly 
count and fast, careful anesthetic management may mean the difference between functional 
independence and profound disability. Although there are still no prospective trials comparing general 
and local anesthesia, available data may lead more and more neurointerventionalists to request MAC. 
No matter what type of anesthesia is chosen, tight hemodynamic control is essential. 
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