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University Hospitals Neurological Institute is Northeast Ohio’s 
first designated institute for the comprehensive care of patients 
with diseases affecting the nervous system. The institute 
comprises 16 Centers of Excellence, which bring together some 
of the country’s foremost experts in neurology, neurosurgery, 
neuroradiology, neuro-oncology, neuro-ophthalmology, 
neurotology, neuropathology, neuropsychology, neuropsychiatry 
and related specialties.

The UH Neurological Institute offers an interdisciplinary 
approach to highly individualized therapies and offers leading-
edge care, including stereotactic radiosurgery, endovascular 
stroke and aneurysm treatments, neurostimulation and artificial 
disc replacement.

Dear Colleague,

I am pleased to bring you the Winter 2010 issue 
of the UH Neurological Institute Journal.

Through continuing collaboration with scientists 
at Case Western Reserve University School of 
Medicine, physicians at the UH Neurological 
Institute test and refine the latest advances in 
treatment for patients with disabling neurological 

disorders. The NI Journal highlights these advances and demonstrates 
our interdisciplinary strengths. As an added benefit for our readers,  
CME credit is readily available in each issue for the busy practitioner 
interested in receiving AMA PRA Category 1 Credits™.

In this issue, Anthony Furlan, MD, provides an editorial on the 
controversy surrounding carotid endarterectomy and carotid artery 
stenting for the treatment of stroke and proposes that patient risk 
factors and operator experience are more important factors to  
consider than the procedure itself. Kaine Onwuzulike, MD, and 
colleagues take a deeper look at the subject and investigate the  
use of both treatment modalities for atherosclerotic disease.

Shakeel Chowdhry, MD, and colleagues compare surgical clipping  
and endovascular coiling in the management of intracranial aneurysms. 
The substantial morbidity and mortality associated with these aneurysms 
and the varied conclusions that research offers have created controversy 
regarding the “best” treatment.

Leigh Ann McCartney, RN, MBA, and colleagues present a systems 
approach to stroke care, an integration of specialties in our hospitals  
to improve the quality of care for stroke patients. The systems approach 
has fostered innovative ideas and presented many opportunities for 
success at the UH Neurological Institute. Read more in this issue.

Finally, Samden Lhatoo, MD, examines Sudden Unexpected Death  
in Epilepsy (SUDEP), a phenomenon that has been recorded for  
centuries in lay communities and is now gaining the attention of  
the scientific community. Dr. Lhatoo discusses the risk factors for  
SUDEP as well as its pathogenetic mechanisms and the promise of 
further prospective studies.

As always, your suggestions and comments are both welcomed and 
encouraged. We enjoy hearing from our readers and thank you for 
taking the time to read the NI Journal. Likewise, we generously thank 
our contributing authors, without whom there would be no Journal.

Nicholas C. bambakidis, MD 
Editor-in-Chief 
216-844-8758
Nicholas.Bambakidis1@UHhospitals.org
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The commitment to exceptional patient care begins with revolutionary 
discovery. University Hospitals Case Medical Center is the primary affiliate 
of Case Western Reserve University School of Medicine, a national leader 
in medical research and education and consistently ranked among the 
top research medical schools in the country by U.S.News & World Report. 
Through their faculty appointments at the Case Western Reserve University 
School of Medicine, physicians at UH Case Medical Center are advancing 
medical care through innovative research and discovery that bring the latest 
treatment options to patients.
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Controversies aside, CEA for asymptomatic ICA 
stenosis became widely accepted for greater than 
80% stenosis (not the 60% threshold of ACAS) in 
patients with good five-year life expectancy and 
when performed by a surgeon with a 30-day risk 
of stroke and death of 3% or less. For symptomatic 
patients, CEA became the standard of care for 
greater than 70% ICA stenosis when performed 
with a 30-day stroke and death rate of 6% or less. 
Though NASCET showed (lesser) benefit of CEA for 
symptomatic 50% to 70% stenosis, routine surgery 
in such patients is more controversial.

Carotid Artery Stenting
Until the introduction of carotid artery stenting 
(CAS), CEA was the only option for ICA 
intervention. There have been numerous CAS 
registries and several RCTs, the key findings of 
which I will attempt to summarize. First, it should 
be noted that, as of 2010, the Centers for Medicare 
and Medicaid Services (CMS) will reimburse CAS 
only for symptomatic patients with high surgical 
risk as defined by the criteria in the Stenting 
and Angioplasty with Protection of Patients with 
High Risk for Endarterectomy (SAPPHIRE) trial. 
SAPPHIRE demonstrated superiority of CAS over 
CEA in patients at high surgical risk and led to 
the first approval of CAS by the United States 
Food and Drug Administration (FDA). Of note, the 
SAPPHIRE criteria for high surgical risk contain a 
heterogeneous mixture of physiological risk factors 
(severe cardiac disease, pulmonary disease, renal 
disease) and anatomic risk factors (high bifurcation, 
contralateral ICA occlusion, radiation), each with 
differing or unknown natural histories. Nearly all 

the benefit of CAS over CEA in SAPPHIRE was due 
to the lower periprocedural myocardial infarction 
rate with CAS.

SAPPHIRE contained both asymptomatic and 
symptomatic patients with high surgical risk. 
However, because there was no best medical 
therapy arm in SAPPHIRE, CMS has thus far refused 
to reimburse CAS for asymptomatic patients with 
high surgical risk. In addition, postmarketing 
registry data for CAS has yet to consistently 
demonstrate a community-based, 30-day, CAS 
stroke and death rate of less than 3%, though rates 
have been improving. Of note, CMS requires the 
use of an embolism protection device and requires 
CAS sites to report data related to patient outcomes 
– a requirement not demanded for CEA.

With the recent publication of the Carotid 
Revascularization Endarterectomy versus Stenting 
Trial (CREST) in 2010, the debate between CEA and 
CAS in asymptomatic and symptomatic patients 
with average surgical risk has intensified. CREST 
demonstrated equivalency in periprocedural risk 
and long-term outcome between CEA and CAS 
in asymptomatic or symptomatic patients with 
greater than 70% ICA stenosis and average surgical 
risk. However, the periprocedural stroke rate was 
greater for CAS while the periprocedural myocardial 
infarction rate was higher for CEA. A longitudinal 
study suggested that periprocedural strokes were 
more often disabling compared to myocardial 
infarctions. Results of CAS were better in patients 
younger than age 70 whereas CEA results were 
superior in patients older than age 70. Based on the 
CREST results, Abbott has announced plans to file 

Carotid endarterectomy versus Carotid 
Artery Stenting: Which is the Best Choice for 
Your Patient? (An Editorial)

by
Anthony J. Furlan, MD

Since the first carotid reconstruction in 1954, the role 
of internal carotid artery (ICA) intervention in stroke 
prevention has been hotly debated. The evidence-based 
era for ICA intervention was introduced in the 1980s when 
Wennberg and others pointed out the high geographic 
variation in carotid endarterectomy (CEA) rates without 
apparent correlation to regional stroke incidence rates. 
The RAND study suggested that up to one-third of CEA 
was done for inappropriate indications. A community 
hospital-based study by Easton and colleagues suggested 
that the periprocedural complication rate of CEA was not 
only operator-dependent but appeared to be much higher 
than commonly accepted. Sundt and others had earlier 
suggested that the complication rate of CEA varied from 
3% to 10% even in the best of hands, depending on 
patient selection variables. These observations culminated 
in the Asymptomatic Carotid Atherosclerosis Study (ACAS), 
the North American Symptomatic Carotid Endarterectomy 
Trial (NASCET), two landmark randomized controlled trials 
(RCT) from the National Institutes of Health. ACAS and 
NASCET established that CEA was superior to medical 
therapy alone in selected patients with asymptomatic 
(ACAS) or symptomatic (NASCET) ICA stenosis.
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Accounting for more than 85% of all strokes, ischemic stroke can result in 
a range of potentially devastating neurological deficits or death as a direct 
result of interruption of blood circulation to respective areas of the brain. 
Ischemic stroke occurs via two main mechanisms – intra-arterial embolism 
and, less frequently, hemodynamic impairment causing hypoperfusion – and 
can result from any disorder that reduces net blood flow to the brain, such 
as severe blood loss or very low blood pressure. Infrequently, an ischemic 
stroke occurs when blood flow to the brain is normal but the blood does 
not contain enough oxygen. It can also occur if inflammation of blood 
vessels (vasculitis) or infection, such as herpes simplex, narrows blood 
vessels that supply the brain. Migraine headaches or drugs, such as cocaine 
and amphetamines, can cause spasm of the arteries, which can narrow the 
arteries supplying the brain and cause a stroke. However, most commonly, 
ischemic stroke develops secondary to vessel stenosis by arterial plaque 
formation, the treatment of which will be the focus of this review.

Worldwide, stroke is the second leading cause of death, responsible for 
4.4 million (9%) of the total 50.5 million deaths each year. It is the third 
leading cause of death behind heart disease and cancer and the leading 
cause of disability among adults in the United States. Each year, more than 
a half million Americans suffer from strokes at an annual health care cost 
of more than $40 billion, with a projected total cost over the next 45 years 
estimated to be in excess of $2 trillion. Stroke affects women and African-
Americans disproportionately. Each year, about 55,000 more women than 
men have a stroke, and stroke is almost a third more prevalent among 
African-Americans than Caucasian Americans.

Carotid artery atherosclerotic disease is an important cause of ischemic 
stroke. Atherosclerosis causes stenosis of the extracranial and intracranial 
arteries, with the most frequent sites of formation being the origin of the 
internal carotid artery and the carotid siphon at the base of the brain. 
Carotid atherosclerosis is usually most severe within 2 cm of the bifurcation 

Treatment Options for Carotid Artery 
Occlusive Disease: Carotid Endarterectomy 
Versus Carotid Stenting

by
Kaine Onwuzulike, MD, PhD 
Shakeel A. Chowdhry, MD
Yin C. Hu, MD
robert W. Tarr, MD
Nicholas C. bambakidis, MD

Stroke is a nonspecific term encompassing a heterogeneous group of 
pathophysiologic causes, including thrombosis, embolism, and hemorrhage. 
The clinical entity was first described in 1951 by C. Miller Fisher,1 who related 
atherosclerotic disease at the carotid bifurcation to ischemic symptoms in the 
ipsilateral eye and brain.

an FDA application by the end of 2010, 
seeking approval to use the Acculink™ 
carotid stent system in patients with 
average surgical risk.

In striking contrast, worse outcomes in 
patients undergoing CAS compared with 
CEA are suggested by several European 
RCTs, including Endarterectomy Versus 
Angioplasty in Patients with Symptomatic 
Severe Carotid Stenosis (EVA 3S), Stent-
Protected Angioplasty versus Carotid 
Endarterectomy (SPACE), and International 
Carotid Stenting Study (ICSS). These 
trials have been criticized for inadequate 
operator training, use of multiple devices 
in a trial, optional use of embolism 
protection devices, and nonstandardized 
antiplatelet regimens.

Of even greater concern, especially for 
asymptomatic patients, is the absence 
of a contemporary medical therapy arm 
in recent trials. There is strong evidence 
that the annual stroke rate in patients 
with risk factors has been steadily 
declining since 1990, likely due to more 
aggressive medical therapy. Several recent 
epidemiological studies suggest a very 
low annual stroke rate in asymptomatic 
patients with ICA stenosis of greater 
than 70% on contemporary medical 
therapy. By comparison, ACAS patients 
were enrolled from 1987 to 1993. In 
this pre-statin era study, the frequency 
of hyperlipidemia was not reported nor 
was the adequacy of control of other 
risk factors. There was no contemporary 
best medical therapy arm in either 
SAPPHIRE or CREST. Caution is further 
prompted by the Clinical Outcomes 
Utilizing Revascularization and Aggressive 
Drug Evaluation (COURAGE) trial, which 
found no added benefit of percutaneous 
coronary intervention when added to 
optimal medical therapy in patients with 
stable coronary artery disease. The lack of 
a contemporary best medical therapy arm 
in recent CAS trials is a major reason why 
CMS has thus far withheld reimbursement 
for CAS in asymptomatic patients with 
high surgical risk. A similar argument 
should perhaps be made for CEA in 
asymptomatic patients.

It is not my intent to delve into the often 
specialty-driven controversies surrounding 
CAS and CEA, such as training and 
credentialing requirements. Procedural 
costs, including length of stay, are very 
similar. Patient comfort is perhaps greater 
with CAS.

In Summary
The strongest evidence of efficacy for 
carotid intervention is in symptomatic 
patients with ICA stenosis greater than 
70%. CAS is preferred – and reimbursed 
– in symptomatic patients with high 
surgical risk. CAS appears equivalent 
to CEA in symptomatic patients with 
average surgical risk but is not yet 
reimbursed. Both CEA and CAS are 
controversial in asymptomatic patients 
but can be considered for greater than 
80% stenosis in patients with a good 
five-year life expectancy. Aggressive 
contemporary medical therapy following 
national guidelines is warranted in 
all at-risk patients. Combined with 
serial noninvasive monitoring, it can 
be considered the sole therapy in 
asymptomatic patients with lesser degrees 
of stenosis. The risk of CEA and CAS are 
both operator- and patient-dependent. 
Risk-adjusted outcomes for CAS and CEA 
should be audited. CAS or CEA should 
be performed only by an operator with 
complication rates in line with national 
benchmarks. Based on current evidence, 
patient selection and operator selection 
are more important than procedure 
selection when considering CAS or CEA.

The author reports no financial relationships 
with commercial interests relevant to the 
content of this article.
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of the common carotid artery and 
principally involves the posterior wall 
of the artery. The plaque progressively 
narrows the lumen of the internal carotid 
artery and often extends caudally into the 
common carotid artery. Major risk factors 
for the development of carotid stenosis 
include arterial hypertension, diabetes, 
hypercholesterolemia, and smoking.

Two main therapeutic interventions exist 
for the treatment of carotid stenosis: 
carotid endarterectomy (CEA), which is 
widely accepted as the gold standard, and 
endovascular stenting, which has recently 
emerged as an effective treatment 
option for carotid stenosis. However, the 
indications for choosing one modality 
over another are less clear. It is unknown 
whether endovascular stenting affords 
similar long-term protection against future 
ischemic events. The purpose of this 
review is to summarize the comparison of 
these two treatment options and provide 
recommendations with respect to their 
use in the current treatment of carotid 
atherosclerotic disease.

literature review
Carotid endarterectomy has been widely 
employed as a therapeutic modality for 
its relief of symptoms and the prevention 
of strokes (Figure 1) since the early 1950s 
when DeBakey performed a successful 
carotid endarterectomy on a 66-year-old 
woman who had suffered 33 episodes 
of right hemiparesis secondary to left 
carotid stenosis. Numerous clinical trials 
have demonstrated the superiority of 
carotid endarterectomy over medical 
management for the treatment and 
prevention of stroke in patients with both 
symptomatic and asymptomatic carotid 
artery stenosis, typically considered to 
be measured as greater than or equal to 
60%.2–4 Since its introduction in 1994, 
carotid artery stenting (CAS) has offered 
an alternative treatment (Figure 2), 
though some uncertainty exists as to the 
role of stenting for the management of 
atherosclerotic carotid stenosis.

The SAPPHIre Trial
One of the earliest trials evaluating the 
role of endovascular treatment was the 
SAPPHIRE trial, which analyzed primary 
endpoints of death, stroke, or myocardial 
infarction (within three years) to evaluate 
carotid artery stenting with use of an 
emboli-protection device compared 
with endarterectomy in 334 patients 
who had either a symptomatic carotid 

stenosis of at least 50% or asymptomatic 
stenosis of at least 80%.5 Researchers 
concluded that there was no statistically 
significant difference between protected 
carotid artery stenting and carotid 
endarterectomy, with respect to the 
risk of stroke or other major adverse 
events in high-risk patients, and that 
carotid stenting was not inferior to 
endarterectomy in this population at 
three years. In secondary analyses, the 
cumulative incidence of stroke, death, 
and myocardial infarction as well as 
that of associated cranial nerve palsy, 
revascularizations, and length of hospital 
stay were lower among the endovascular 
cohort. It is of note that these data are 
specific to high-risk surgical patients and 
offer no insight into the management of 
low-to-moderate risk patients.

CAVATAS
A similar study, the Carotid and Vertebral 
Artery Transluminal Angioplasty Study 
(CAVATAS), evaluated long-term 
outcomes of endovascular therapy for 
carotid disease in 504 patients randomly 
assigned to endarterectomy versus 
endovascular treatment. Patients were 
followed up at one, six, and 12 months 
and annually thereafter and found no 
significant difference among the groups in 
the incidence of major outcome events at 
three years.6

The SPACe Study
The Stent-protected Angioplasty versus 
Carotid Endarterectomy (SPACE) study 
was designed to test the hypothesis that 
carotid artery stenting is not inferior 
to carotid endarterectomy for treating 
patients with symptomatic carotid artery 
stenosis. In this multinational, prospective, 
randomized study, the primary endpoint 
was ipsilateral stroke or death of any 
cause between randomization and 
30 days after treatment. SPACE study 
investigators failed to prove the non-
inferiority of carotid angioplasty with 
stenting versus endarterectomy for 30 
days but found that the rate of recurrent 
ipsilateral ischemic stroke is similar for 
both treatment groups at two years. The 
incidence of recurrent carotid stenosis 
at two years, as defined by ultrasound, 
is significantly higher after carotid artery 
stenting. Interestingly, researchers found 
that patients who were 68 years or 
older had a higher risk of complication 
if treated with carotid artery stenting 
compared with younger patients. This 

Figure 2: A 67-year-old man with acute onset of field cut and left upper extremity weakness. 
Magnetic resonance imaging of the brain revealed foci of (A) diffusion restriction (arrows) with 
correlating (B) apparent diffusion coefficient map hypointensity consistent with watershed infarcts 
over the right hemisphere. (C) Catheter-based angiography revealed 78% stenosis of the proximal 
left internal carotid artery by criteria from the North American Symptomatic Carotid Endarterectomy 
Trial. (D) Images over the head revealed delayed passage of contrast with only flash filling of the 
proximal left anterior cerebral artery. (E) A distal protection device (double arrow) was placed 
beyond the region of stenosis, and a pre-stent angioplasty was performed (arrow) to allow safe 
insertion of the stent delivery system. (F) The stent was then positioned and deployed. (G) Marked 
improvement of blood flow in the neck was seen with only 6% residual stenosis. (H) Images 
over the head revealed significantly improved blood flow with opacification of the entire anterior 
cerebral artery.

result is likely due to difficulty with 
obtaining endovascular arterial access to 
the carotid artery in older patients, who 
often have significant vessel tortuosity and 
atherosclerotic plaques in the aortic arch 
or common carotid origin.

The eVA-3S Trial
The Endarterectomy versus Stenting in 
Patients with Symptomatic Severe Carotid 
Stenosis (EVA-3S) trial evaluated stenting 
versus endarterectomy in symptomatic 
carotid stenosis of greater than 60%, with 
the primary endpoint of any stroke or 
death within 30 days of treatment.7 This 
multicenter, randomized, noninferiority 
trial was stopped prematurely after the 
inclusion of more than 500 individuals 
due to concerns for safety and futility, 
which was attributed to the absence of 
uniform use of distal protection devices 
in the CAS group. The 30-day incidence 
of any stroke or death was 3.9% (95% 
confidence interval [CI], 2.0 to 7.2) 
versus 9.6% (95% CI, 6.4 to14.0) for 
endarterectomy and stenting, respectively. 
At six months, the incidence of any stroke 
or death was 6.1% after endarterectomy 
and 11.7% after stenting (P < 0.05). 
Study coordinators concluded that, in 
patients with symptomatic carotid stenosis 
of 60% or more, the rates of death and 
stroke at one month and six months were 
lower with endarterectomy than with 
endovascular stenting.

CreST
The Carotid Revascularization 
Endarterectomy versus Stenting Trial 
(CREST) offers the most recent and 
comprehensive assessment of stenting 
versus endarterectomy for treatment 
of carotid artery stenosis. CREST 
enlisted more than 2,500 individuals 
with symptomatic and asymptomatic 
extracranial carotid stenosis and included 
108 centers in the United States and 
Canada. The primary endpoint of 
interest was the composite of any stroke, 
myocardial infarction, or death during the 
periprocedural period or ipsilateral stroke 
within four years after randomization. 
Over a median follow-up period of 2.5 
years, there was no significant difference 
in the estimated four-year rates of the 
primary endpoint between the stenting 
and endarterectomy cohorts (7.2% 
and 6.8%, respectively; hazard ratio 
with stenting, 1.11; 95% confidence 
interval, 0.81 to 1.51; P = 0.51). There 
was no discernable treatment effect 
with regard to the primary endpoint 

Figure 1: Imaging of right carotid 
artery in a 71-year-old man with two 
transient episodes of left arm weakness 
and clumsiness. Magnetic resonance 
angiography shows severe right internal 
carotid stenosis. The patient underwent 
right carotid endarterectomy without 
complication or recurrence of his 
symptoms. He was discharged to home on 
postoperative day one.

A B

C

D

E

F G

H



8  |  University Hospitals  •  neurological institute Journal  •  Winter 2010 Winter 2010  •   neurological institute Journal  •  216-844-2724  •  UHhospitals.org/neuro  |  9

according to symptomatic status (P = 0.84) or sex (P = 0.34), but 
the four-year rate of stroke or death was 6.4% with stenting 
and 4.7% with endarterectomy (hazard ratio, 1.50; P = 0.03). 
In contrast, the rates among symptomatic patients were 8.0% 
and 6.4% (hazard ratio, 1.37; P = 0.14), and the rates among 
asymptomatic patients were 4.5% and 2.7% (hazard ratio, 1.86; 
P = 0.07), respectively. After this initial period, the incidences 
of ipsilateral stroke with stenting and with endarterectomy 
did not demonstrate statistical significance (2.0% and 2.4%, 
respectively; P = 0.85). In general, outcomes were slightly better 
after stenting for patients less than 70 years old and better after 
CEA for patients more than 70 years old. The risks of stroke and 
death were found to be significantly higher for stenting versus 
CEA in symptomatic patients (6.0% versus 3.2%; hazard ratio, 
1.89; 95% CI, 1.11 to 3.21) but not for asymptomatic patients 
(2.5% versus 1.4%; hazard ratio, 1.88; 95% CI, 0.79 to 4.42). 
However, the rate of periprocedural myocardial infarction was 
higher in CEA versus CAS (1.1% versus 2.3%, P = 0.032).8

Discussion
In clinical trials and studies, CAS and CEA had similar net 
outcomes for symptomatic and asymptomatic patients; however, 
there was a lower incidence of myocardial infarction immediately 
after CAS and lower incidence of stroke immediately after CEA. 
Several factors influencing this heterogeneity include, but are 
not limited to, the variation in use of cerebral protective devices 
and peri-interventional anti-platelet therapy. Of particular note, 
the significantly better results in the endovascular arm of the 
SAPPHIRE trial may reflect the majority of asymptomatic patients 
and inclusion of myocardial infarction as an endpoint. Also of 
interest were the findings that older patients tend to fare better 
after CEA versus their younger counterparts, who tolerated CAS 
more favorably. Consequently, patient age may become a major 
stratification parameter for treatment.

There was insufficient data from most of the included trials 
to perform any meaningful analysis of restenosis rates after 
endovascular treatment compared with endarterectomy. In 
CAVATAS, ipsilateral stenosis of greater than 70% one year after 
treatment was more common after endovascular treatment 
than carotid endarterectomy (14% versus 4%; P < 0.001), but 
no difference in the rate of ipsilateral stroke was evident in the 
subsequent analyses up to three years after randomization.

Conclusion
CEA has been the mainstay of treatment since its introduction 
in the mid-twentieth century and has been inextricably linked 
to its requirements of general anesthesia and an incisional scar. 
CAS emerged in 1994 as an alternative option in the treatment 
of symptomatic carotid artery stenosis, yet evidence of its 
equality to CEA has been equivocal. Endovascular treatment is 
usually performed via a femoral artery catheter, thus avoiding 
a neck incision and potential surgical morbidity. Hospital stay 
and recovery time after endovascular treatment may be less 
than with surgery, therefore reducing overall health care costs. 
In addition, endovascular treatment may be the only treatment 
option for high-risk surgical patients or those with surgically 
inaccessible lesions. Yet to be considered as a genuine alternate 
to its surgical counterpart, endovascular intervention must 
be demonstrated to be as safe and effective in the long term 
as surgery. Before widespread application of endovascular 
intervention for treating carotid stenosis ensues, its use must 
be evaluated via additional prospective, randomized, controlled 
trials of symptomatic and asymptomatic individuals. These trials 
will undoubtedly provide valuable information on the safety and 
efficacy of stenting compared with surgery and the benefit of 
cerebral protective devices. However, in the interim, given at best 
a similar safety profile as surgery, there is currently a paucity of 
definitive data to endorse a shift toward endovascular stenting 
over endarterectomy as the treatment of choice for suitable 
carotid stenosis. For the future, both CEA and CAS appear to be 
adept counterparts for the treatment and prevention of stroke.

Nicholas C. Bambakidis, MD, is a consultant for Medtronic Sofamor 
Danek, and Robert W. Tarr, MD, is a consultant for Philips Medical 
Imaging, though these relationships have not affected the content of 
this article. The other authors report no financial relationships with 
commercial interests relevant to the content of this article.

TAble 1:   FACTOrS FAVOrINg CAS  
OVer CeA IN THe TreATMeNT 
OF CArOTID STeNOSIS

Re-stenosis after previous carotid endarterectomy

Presence of tandem intracranial stenosis amenable to 
endovascular treatment

Anatomic considerations (e.g., high carotid bifurcation)

Previous neck radiation

Presence of high-risk medical conditions for general 
anesthesia (severe symptomatic cardiac or pulmonary 
disease)*

*only when CAS is performed without general anesthesia

TAble 2:   SUMMArY OF FINDINgS  
IN CreST

No significant difference in the four-year rates of the 
primary endpoint between stenting and endarterectomy 
cohorts

No discernable treatment effect with regard to the primary 
endpoint according to symptomatic status (P = 0.84) or sex 
(P = 0.34)

Rates of periprocedural stroke higher in CAS versus CEA 
(4.1% versus 2.3%) while rates of myocardial infarction 
lower in CAS versus CEA (1.1% versus 2.3%)

Outcomes better after CAS in patients aged < 70 years and 
better for CEA in patients aged > 70 years
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Aneurysmal Subarachnoid Hemorrhage: A Devastating 
Neurological Disease
Although aneurysmal subarachnoid hemorrhage (SAH) represents 
a small percentage of intracranial hemorrhages, the associated 
morbidity and mortality are substantial (Figure 1). Aneurysmal SAH 
occurs when an intracerebral aneurysm ruptures, bleeding into the 
subarachnoid space. Aneurysmal rupture, while most commonly 
associated with SAH, may also present with concomitant or rarely 
independent subdural hemorrhage, intracerebral hemorrhage, or 
intraventricular hemorrhage. Patients with aneurysmal SAH can 
present in a variety of conditions, ranging from mild headache to 
comatose. These patients are at risk for early repeat rupture, which 
is associated with a significantly worse outcome, hydrocephalus, and 
vasospasm or narrowing of the blood vessels that, when severe, can 
be associated with stroke.

Annual estimates of aneurysmal SAH are reported to be 2% to 5% of 
all strokes, affecting approximately 30,000 individuals in the United 
States.1,2 Incidence increases with age and is most commonly seen 
between 40 and 60 years of age. Aneurysmal SAH is more common 
in Finland and Japan, occurring at a rate of 20/100,000 person years.3 
Women are 1.6 times more affected than men.4

SAH does not occur exclusively in patients with ruptured aneurysms.5 
Subarachnoid hemorrhage may occur secondary to trauma; vascular 
malformations, such as arteriovenous fistulas and arteriovenous 
malformations; and venous rupture (perimesencephalic hemorrhage). 
These entities are significantly different than aneurysms and, as such, 
require different treatment.

Managing Intracranial Aneurysms: 
Surgical Clipping or Endovascular Coiling?

by
Shakeel A. Chowdhry, MD
Jason Wilson, MD
Daniel P. Hsu, MD
Nicholas C. bambakidis, MD
Warren r. Selman, MD

Intracranial aneurysms are 
outpouchings from vessel walls, 
generally at the branch points of 
vessels, that occur secondary to focal 
weakening of the vessel wall, often 
occurring at points of increased 
pressure secondary to blood flow 
hemodynamics within the vessel. The 
occurrence of aneurysms has been 
linked to certain heritable diseases, 
such as adult polycystic kidney disease, 
but most cases are sporadic. These 
lesions can occur along any vessel in 
the brain and are most commonly 
found in the distal internal carotid 
artery or along the circle of Willis. The 
size, morphology, and location of the 
aneurysm, coupled with certain medical 
comorbidities of the patient, affect the 
risk of aneurysm rupture.

Available Treatment Options: Tools 
and Techniques
Surgical clipping has been the gold 
standard for cerebral aneurysm treatment 
for the past seven decades. Walter 
Dandy performed the first clip occlusion 
of an intracranial aneurysm on March 
23, 1937, using a modified V-shaped 
Harvey Cushing silver hemostasis 
clip.6–8 Mahmut Gazi Yasargil under 
the tutelage of Raymond MP Donaghy 
further refined a microsurgical technique 
during the 1960s, leading the modern 
era of microneurosurgery. The evolution 
of aneurysm surgery has paralleled the 
advancement of the microscope and 
has been improved by the development 
and incorporation of intraoperative 
monitoring, angiography, micro-Doppler, 
and fluorescence angiography (Figures 2 
and 3). 

Mortality rates following aneurysmal 
SAH over the past several decades 
have improved. In 1966, Locksley and 
colleagues published a mortality rate of 
50% at 29 days.9 More recently, mortality 
rates have ranged from 10% to 24%.10,11 
This decrease has been attributed to 
better diagnostic modalities, aggressive 
neurocritical care, and improved 
therapeutic techniques. Outcome is also 
influenced by grade (or clinical status) on 
presentation, the presence or absence of 
symptomatic vasospasm, hydrocephalus, 
Fischer grade, and patient age.12

An alternate form of therapy for 
aneurysm treatment was developed at 
the turn of the 20th Century. In 1991, 
Guglielmi and colleagues published 
the first description of endovascular 
treatment of intracranial aneurysms 
in humans using detachable platinum 
coils.13,14 The Guglielmi detachable coil 
(Boston Scientific/Target, Fremont, CA) 
was introduced in the United States as an 
investigational clinical device in 1991 and 
was subsequently approved by the Food 
and Drug Administration in 1995. There 
have subsequently been tremendous 
advances over the past 15 years in the 
field of endovascular surgery. Originally 
reserved as a treatment modality for 
aneurysms deemed to be associated with 
high surgical morbidity, endovascular 
therapy is no longer limited by aneurysm 
anatomy and location. The development 
of smaller, navigable microcatheters 
and microguidewires, coils of various 
configurations and sizes, and vascular 
remodeling devices such as balloons and 
stents has led to improved efficacy and 
durability of endovascular embolization. 
Endovascular coiling is now widely used 
for the treatment of both ruptured 
and unruptured aneurysms (Figure 4). 
Indeed, recent studies analyzing the 
National Inpatient Sample hospital 
discharge database have demonstrated a 
national trend towards increasing use of 
endovascular therapy for the treatment 
of both ruptured and unruptured 
aneurysms.15

Figure 1: Noncontrast computed tomography (CT) of the head demonstrating 
blood in the subarachnoid space, a common finding in patients with a 
ruptured intracranial aneurysm.

Figure 2: (A) Intraoperative photograph of an unruptured right posterior communicating artery aneurysm. The single black arrows point to the neck of 
the wide-based aneurysm. The double arrows point to the right optic nerve as it travels to the right eye. (B) Intraoperative photograph taken following 
microsurgical clipping of the aneurysm. A surgical aneurysm clip can be seen across the neck of the aneurysm. Additional tools such as micro-Doppler 
ultrasound, indocyanine green (ICG) angiography, intraoperative angiography, and somatosensory evoked potential monitoring have increased the safety 
and efficacy of surgical treatment of aneurysms. (C) An example of ICG angiography. ICG is injected, and a laser light is used to excite the dye, which then 
fluoresces, allowing it to be visualized through a near infrared video camera. Blood flow in the normal vessel can be seen. No fluorescence is seen in the 
aneurysm, indicating successful aneurysm occlusion.

Figure 3: (A) Angiogram with injection of contrast 
in the right vertebral artery demonstrating an 
aneurysm near the base of the basilar artery.  
(B) Postoperative angiogram demonstrating 
occlusion of the aneurysm.
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Which Treatment is best?
With two treatment modalities 
available, the debate has been heated. 
Unfortunately, there is no simple answer. 
In evaluating which modality is best, 
one must consider several factors: the 
expertise of the treating physicians in 
each mode of treatment, patient age, 
aneurysm location, whether the aneurysm 
is ruptured, aneurysm morphology, 
presence of additional aneurysms, 
rebleeding (for ruptured aneurysms), 
presence of hydrocephalus, coil durability, 
and treatment-specific associated 
morbidity.

Few studies have been published that 
directly compare microsurgical clipping 
and endovascular coiling, due in part to 
the complexity of the disease process and 
difficulty in generalizing results because 
of numerous confounding variables.16 
Only two large prospective randomized 
trials have been performed, and their 
results have been highly scrutinized 
with significant limitations noted in 
both. Numerous other observational 
studies have been reported. Overarching 
definitive conclusions regarding aneurysm 
treatment cannot be drawn based upon 
the available medical literature. The varied 
conclusions of published studies highlight 
the controversy surrounding the optimal 
treatment modality.

The International Subarachnoid Trial
The International Subarachnoid Trial 
(ISAT) is one of the two large prospective, 
randomized trials comparing endovascular 
and surgical therapy for ruptured 
intracranial aneurysms. Many experts 
believe that ISAT may have raised more 
questions than it answered, though there 
has been a clear increase in endovascular 
treatment of aneurysms following the 
publication of this trial.17 ISAT randomized 
2,134 patients (22.4% of 9559 patients 
screened); 1,070 underwent surgery, 
and 1,073 were coiled. Outcomes were 
reported at two months and one year.18,19 
A preliminary review of the data would 
indicate that endovascular therapy was 
superior to surgical therapy for the 
patients in this study. At one year, 23.5% 
of the coiled patients and 30.9% of the 
clipped patients were dead or dependent. 
Coiled patients were discharged home 

more frequently and had shorter hospital 
stay, lower hospital cost, and fewer 
neurological complications. Additionally, 
coiling was associated with a statistically 
significant reduced incidence of seizures. 
Additional subanalysis suggested that 
neurocognitive outcome may be superior 
with endovascular treatment.20 However, 
there are significant limitations of this 
study, particularly regarding the study’s 
methodology, statistical analyses, and 
experience of its participating physicians.

It is generally accepted in the United 
States that complex cerebrovascular 
disease, which includes aneurysmal 
SAH, is best treated at high-volume 
centers with experienced neurosurgeons 
and neuro-interventionalists with a 
dedicated focus to this complex disease 
process. In ISAT, experienced neuro-
interventionalists were compared with 
40 to 50 neurosurgeons “accredited… 
with experience in aneurysm surgery,” 
requiring treatment of as little as 10 
aneurysms per year.18 This surgical 
arm may not accurately reflect the 
contemporary neurosurgical practice 
at a high-volume academic health care 
center in the United States. Additional 
criticism regarding inclusion criteria for 
study centers, subjective patient inclusion 
criteria, and selection bias has been raised 
among the academic community.

In ISAT, complete angiographic occlusion 
was found in 66%, subtotal occlusion in 
26%, and 8% had incomplete occlusion 
with coiling versus 82% complete 
occlusion, 12% subtotal occlusion, and 
6% incomplete occlusion with clipping. 
After one year, eight of the nine patients 
that rebled underwent coiling compared 
with one patient in the surgical group.19 
The ongoing debate about what 
constitutes definitive treatment of a 
ruptured cerebral aneurysm and durability 
of treatment remains unanswered. 
Definitive treatment was not attained in 
2.4% (26/1048) of endovascular cases 
and in 1% (10/994) of those treated 
surgically as indicated by target aneurysm 
rebleeding within one year.18

Campi and colleagues from the United 
Kingdom reviewed follow-up data from 
ISAT and noted a higher retreatment 
for patients treated with endovascular 
coiling in both early (8.8% vs. 2.9%) 

and late states (8.6% endovascular vs. 0.9% microsurgical). 
Comparatively young age, large lumen size, and incomplete 
occlusion were risk factors for retreatment after endovascular 
coiling.21 Experienced endovascular groups from France, where 
endovascular therapy is preferentially performed, report 28.6% 
rate of recurrence at 12 months after treatment. Raymond 
and colleagues from Canada report 33.6% rate at 12 months 
(Figure 5).22 Review of the long-term follow-up data from ISAT 
has shown that the early benefit of endovascular therapy may 
be obviated in the long run based upon the primary outcome 
measures of the original trial because surgery has proven to be 
more durable in the initial follow-up review.11,19,23,24

A Trial from Vanninen and Colleagues
The other prospective, randomized trial comparing surgical 
clipping with endovascular coiling was published by Vanninen 
and colleagues from Finland in 1999.25 109 patients with 
ruptured aneurysms were treated within 72 hours of rupture. 
This study, unlike ISAT, found that surgical clipping and 
endovascular coiling were equally efficacious.

The International Study of Unruptured Intracranial 
Aneurysm Trial
Regarding unruptured aneurysms, the International Study 
of Unruptured Intracranial Aneurysm trial (ISUIA) reported 
results on 4,060 patients – 1917 who underwent surgery and 
451 who underwent endovascular treatment.26 The overall 
surgical morbidity and mortality at one year was 15.2% (3.2% 
mortality and 12% neurological morbidity) whereas the overall 
endovascular morbidity and mortality at one year was only 
9.8%.27 These results are similar to other published studies. 
A meta-analysis of 90 unruptured aneurysms reported an 
annual mortality of 1.4% with a total procedural morbidity 
and mortality of 8.1%.28 In a single-center series of 1,811 

aneurysms, there was a mortality rate of 1.5% and a morbidity 
rate of 5.3%.29 A review of 61 studies with 2,460 patients 
having an elective aneurysm coiling demonstrated a morbidity 
of 10.9% and mortality of 2.6%.30 The data indicate that 
the morbidity and mortality of coiling is lower, at least in the 
short term, compared to surgical clipping. This decrease is 
especially apparent in patients older than 65 years.31 A higher 
rate of aneurysm recurrence necessitating retreatment is 
noted, though several initial studies have suggested that the 
associated morbidity with aneurysm retreatment is very low.32

Conclusion
Endovascular coiling is a viable option for the treatment  
of intracranial aneurysms. Data demonstrate that patients  
have improved outcome in the short term, but coil durability, 
rebleed rates, aneurysm size, aneurysm location, patient age, 
and patient grade have to be considered when selecting the 
“best” treatment modality. A multidisciplinary team approach 
should be implemented and decisions made on a case-by-case 
basis. Unique aneurysm characteristics and patient risk factors 
should be carefully considered to arrive at a patient’s best 
therapeutic option.

See the surgical video at UHhospitals.org/neuro/aneurysmvideo

Nicholas C. Bambakidis, MD, is a consultant for Medtronic Sofamor 
Danek, and Warren R. Selman, MD, is a consultant for Stryker and 
Anspach, though these relationships have not affected the content 
of this article. The other authors report no financial relationships 
with commercial interests relevant to the content of this article.

Figure 4: (A) 3D reconstruction from a rotational angiogram. (B) Balloon-assisted 
remodeling was utilized during the coiling procedure, (C) resulting in successful 
treatment of the aneurysm.

Figure 5: Endovascular therapy is a proven, effective treatment option for intracranial 
aneurysms, both ruptured and unruptured. (A) Anterior communicating artery 
aneurysm seen in an anteroposterior (AP) projection (arrow). No residual filling of 
the aneurysm is seen after endovascular coiling: (B) AP projection and (C) lateral 
projection. However, this treatment modality is associated with a higher rate of 
aneurysm recurrence, which may be associated with rupture. (D) Follow-up of the 
same aneurysm treated in Figure 5C several years later. The patient presented with 
subarachnoid hemorrhage, and angiogram demonstrated regrowth of the aneurysm. 
(E) The same aneurysm after retreatment. Routine follow-up after endovascular 
therapy is generally recommended for several years.
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Development of the UH Stroke and Cerebrovascular Center
In 1993, University Hospitals Case Medical Center began its expansion from 
a single tertiary academic medical center to its current 10-hospital health 
system. In 2006, the University Hospitals Neurological Institute formed with 
the vision of establishing itself as a national model for neurological institutes 
by providing innovative, integrated, individualized care that improves 
outcomes and quality of life for patients with neurological conditions. 
The integration of neurosurgery, neurology, neuroradiology, psychiatry, 
psychology, and neuroscience nursing into a neurological institute facilitated 
the formal organization of clinical centers of excellence, such as the Stroke 
& Cerebrovascular Center, to foster programmatic development, access to 
specialty services, and system standardization to address the specific needs of 
patients with cerebrovascular diseases.

System Integration – How We are Achieving It
The development of the multidisciplinary Stroke & Cerebrovascular Center 
in 2006 meant restructuring a clinical program originally developed in 1992. 
Over the next two years, the center developed additional programs and 
services for patient care, education, and research and expanded its quality 
outcomes program.
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Dedicated Stroke and 
Cerebrovascular Service
A dedicated inpatient Stroke and 
Cerebrovascular Service was launched 
at UH Case Medical Center in 2008 
(Figure 1). Supported by an RN stroke 
coordinator and a neuroscience clinical 
nurse specialist, the service is staffed by a 
hospitalist model of vascular neurologists. 
This model provides specialist care in a 
patient-centric fashion spanning acute 
access, assessment for interventions, 
acute and inpatient care, rehabilitation, 
and post-hospital stroke prevention 
care. The vascular neurology attending 
physician also provides 24-hour access 
to cerebrovascular expertise to the UH 
system community hospitals as well 
as other hospitals in the 15 counties 
surrounding Cleveland. This team 
regularly interacts with community 
health care providers to provide 
education to enhance stroke care at 
the system hospitals as well as improve 
rapid identification and treatment of 
appropriate patients for thrombolytic 
therapy or transfer to UH Case Medical 
Center for more comprehensive services.1 
The Stroke & Cerebrovascular Center 
director and staff have created clinical 
practice guidelines for systemwide disease 
management and participate in activities 
to implement these best practices across 
multiple health care providers.2

System Stroke leadership
The UH system Stroke Initiative was 
formed in 2008 with the goal of providing 
high-quality stroke care to all patients 
presenting to a UH hospital, regardless 
of which hospital they visited. The 
core elements of the Stroke Initiative 
include an interdisciplinary multihospital 
stroke committee and a system stroke 
coordinator program. Led by the director 
of the Stroke & Cerebrovascular Center 
at UH Case Medical Center and the 
Operations Manager, the Stroke Initiative 
leadership team includes neurologists, 
neurosurgeons, emergency medicine 
physicians and nurses, hospitalists, 
neuroscience nurses, quality improvement 
professionals, and administrators from 
each of the UH system hospitals. The 
mission of the Stroke Initiative is to 
standardize stroke care throughout 
the health system, provide consistent 
evidence-based patient care with reliable 
quality outcomes, and achieve recognition 
as a regional leader in advancing 
stroke care. The Stroke Initiative team 
meets quarterly to review successes 
and barriers in the individual hospital 
programs, share expertise and best 
practices for stroke care, and provide 
resources and information. A key feature 
is the collection, analysis, and sharing 
of standard quality data presented as 
a stroke “scorecard.” These data are 
essential in guiding discussions on 

sharing successes and barriers to best 
care and developing quality improvement 
initiatives. Based on local market research, 
UH is the only system stroke program in 
the region that shares this type of data 
across multiple entities to improve stroke 
care in the region. Sustained attendance 
of representatives from each of the system 
hospitals allows for team building and 
enhances a willingness to share innovative 
ideas and implement improvement plans.

Stroke Coordinator Program
The Stroke Coordinator is essential for 
programmatic success. Responsibilities 
include care coordination among health 
care providers across the continuum 
of pre-hospital to post-discharge care, 
patient education, staff education, 
monitoring compliance with evidence-
based stroke care standards, and 
stroke committee meeting preparation 
and follow-up. An understanding of 
performance improvement concepts 
is essential in leading root-cause 
analyses of outcome variances as well 
as development and implementation of 
action plans. Benefits of an experienced 
Stroke Coordinator include managing 
patient length-of-stay, increasing patient 
satisfaction through patient education, 
improving clinical outcomes, compliance 
with best practices, engaging staff 
through educational activities, and 
supporting staff in the care of complex 
patients. This role was felt to be such 
an essential component of a successful 
stroke program that a stroke coordinator 
program was developed to recruit, train, 
and standardize staffing resources at each 
system hospital.

Operations Manager
To achieve system integration and 
standardization, UH Neurological 
Institute leadership acknowledged 
that programmatic success requires 
experienced administrative support 
for strategic planning, performance 
improvement, and outcomes 
management. In October 2008, an 
Operations Manager was recruited to 
fulfill this role in supporting the Stroke & 
Cerebrovascular Center as well as assisting 
UH system hospitals by providing each 

community hospital with an internal consultant to develop their 
own stroke programs, achieve Joint Commission (JC) Primary 
Stroke Center certification, and facilitate strategic planning.2 
On a weekly basis, the Operations Manager meets onsite with 
the Stroke Coordinator, providing leadership and expertise in 
interpreting JC standards and preparing JC Stroke certification, 
gap analysis completion, staff education, data analysis, process 
improvement procedures, and mock stroke surveys. The success 
of the Stroke Initiative is in large part due to the Operations 
Manager and the ability to provide an onsite consulting resource 
to lead and facilitate program development rather than simply 
provide structure and recommendations.

Multispecialty Site Teams and Stroke Center Directors
The Operations Manager developed a partnership at each 
hospital, instituting two additional programs. The first program 
produced multispecialty stroke quality teams charged with 
advancing the practice of evidence-based stroke care through 
protocol implementation and process improvement by adopting 
improvement models, such as the Plan-Do-Study-Act (PDSA) 
cycle, to maximize the performance of a pre-existing process.3 In 
addition to expanding clinical capabilities and increasing access 
to early stroke interventions, the teams foster consistency in 
patient outcomes through the implementation of standardized 
process measures. The second program identified a Stroke 
Program Medical Director through consultation with the hospital 
president, fulfilling a requirement for Stroke Center certification 
that was identified by a gap analysis. This process is crucial in 
confirming support by hospital leadership, raising awareness 
of the importance of the program through this support, and 
engaging staff physicians in program development. The Stroke 
Program Medical Director role was filled by personnel with 
neurological expertise, usually in neurology or emergency 
medicine though not limited to those specialties. These initiatives 
resulted in an increase in system stroke discharges that we 
believe are related to the enhanced image and reputation of 
the stroke program with the local community and emergency 
medical squads.

Data Abstraction Program
In January 2009, the data abstraction program and the clinical 
excellence program were initiated with the goal of obtaining 
stroke outcomes measurement and consistent data integrity 
throughout the health system. We chose the American Stroke 
Association (ASA) Get With the Guidelines (GWTG) stroke 
program and the National Coverdell Acute Stroke Registry, which 
focus on national standardized stroke measures. The Coverdell 
Registry provided abstractor training and chart reviews to ensure 
accuracy and validity of the collected data. The GWTG staff 
provided educational webcasts as well as seminars on process 
improvement. These data provide clinicians with the real-time 
performance feedback that is essential in affecting change 
and has spawned a series of projects that have been presented 
at national meetings, providing opportunities for UH to be 
recognized at a national level.

Staff education and engagement
Physician education is essential to a successful stroke program 
as understanding the rationale behind management strategies 
is key in proper implementation and optimizing patient 
outcomes. However, the needs of resident and fellow house 
staff at the academic medical center may differ from the 
needs of community neurologists and providers of emergency 
medicine and primary care. Methodology can include the 
solicitation of opinions and problems, rapid feedback of 
solutions, development of websites, and educational binders 
that are accessible to a wide variety of health care givers. At 
the community hospitals, binders were developed. Each binder 
includes PowerPoint presentation containing information on 
initial diagnosis, treatment, and discharge needs of stroke 
patients, the acute stroke clinical practice guideline, instructions 
on accessing the online National Institutes of Health (NIH) stroke 
scale training, and attestation statements to track individuals’ 
completion of the training.

Nursing education was standardized with system input. The 
training includes review of the acute stroke clinical practice 
guidelines and algorithm, dysphagia assessment training, NIH 
stroke scale training, and review of basic stroke education, 
including signs and symptoms of stroke, treatments for 
stroke, and educational needs of stroke patients. The system 
stroke program works closely with the Neuroscience Nursing 
Practice Center and has developed modules to educate nurses 
throughout the system on the neurological assessment and  
care of patients with neurological conditions. A Neuroscience 
Nursing Ambassador program was formed by inviting more than 
100 nurses from across the health system to a “train the trainer” 
session. A dysphagia training video was developed at UH Case 
Medical Center to standardize the bedside assessment of the 
stroke patient. The video was distributed throughout the system 
to educate nurses and physicians on how to properly administer 
the protocol. Nurses in the emergency department, intensive 
care unit, and designated stroke units are required to view the 
training, and it has been added to the annual competency for  
all intensive care unit (ICU), emergency department, and 
medical-surgical nurses and will be incorporated into the 
extubation protocol for all ICUs. The video is available for  
in-services on DVD and is available on the UH Neurological 
Institute website at www.uhhospitals.org/tabid/7779/Default.
aspx. UH staff can also view the video with a post-test through 
the UH Learning Management System. In addition, nurses 
throughout the UH health system are encouraged to attend the 
annual Neuroscience Nursing Symposium that is sponsored by 
UH Case Medical Center. This annual seminar has a significant 
focus on stroke care and provides eight hours of stroke 
education, which will be the benchmark for education for 
Comprehensive Stroke System certification.

Standardized Documentation Tools
Standard stroke documentation tools have been developed 
and are in use throughout the system. By system collaboration, 
a standardized tissue plasminogen activator (tPA) eligibility 
checklist was developed to assist emergency medicine physicians 
and hospitalists in the community to determine if a stroke 
patient should receive the clot-dissolving medication. Similarly, a 
standard NIH stroke scale documentation tool was implemented 
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to ensure consistent assessment of a 
stroke patient’s neurological deficits 
throughout the health system. The 
system stroke team also developed 
standardized nursing documentation 
tools such as a tPA administration flow 
sheet, tPA mixing and administration 
competency checklist, dysphagia 
assessment documentation tool, and 
stroke care and education summary sheet. 
The change concept of standardization 
can be a key to improvement.4 The 
standardized documentation tools are in 
use throughout the UH health system to 
ensure patients receive the same care no 
matter where they access treatment.

evidence-based Care
Evidence-based care and research are 
incorporated into every aspect of the UH 
stroke program. The Acute Stroke Clinical 
Practice Guideline at the UH Neurological 
Institute is based on recommendations 
from the American Heart Association/
American Stroke Association Guidelines 
and the Brain Attack Coalition.5 Stroke 
admission forms and electronic order 
sets were developed to enhance the use 
of best practices in an efficient manner 
while prospectively collecting the key 
data elements that form the basis for 
the quality program. Training materials, 
pocket cards, and documentation 

tools were developed to increase the 
performance of the NIH stroke scale.6 
One of these training tools is the 
Dysphagia Assessment Training Video. 
Based on a standard protocol, the video 
was produced to enhance a uniform 
assessment across health care providers.

Strategic Planning
A strategic planning retreat was hosted 
by the Stroke & Cerebrovascular Center 
in April 2009 with the goals of network 
design, fostering participant activity and 
loyalty, and creating a culture that was 
aware of and supported the vision and 
values of the stroke program.2 Leading 
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Figure 2: Example of UH system stroke process measure scorecard. Improvement progression is indicated from red to green, demonstrating that the 
national benchmark has been achieved.

up to the retreat, 30-minute educational “mini-MBA” sessions 
were held on a weekly basis to provide the necessary tools for 
strategic planning, such as market competition, market share 
trends, referring physician analysis, and industry trends. Health 
care and administrative personnel from across the health care 
system were invited. Prior to the retreat, each hospital completed 
an analysis of Strengths, Weaknesses, Opportunities, and Threats 
(SWOT) to clarify individual areas of opportunity. The analysis 
identified four distinct priorities – Stroke Prevention, Acute 
Stroke Care, Stroke Rehabilitation, and Research – which were 
then used to focus the retreat activities. Teams were formed 
within the four focus groups, and each team developed short-
term and long-range goals, which have provided a structure for 
system activities.

Marketing
A comprehensive marketing plan was designed to support the 
strategic priorities and build volume, image, and relationships. 
The plan addressed how to differentiate our services using 
expertise, innovation, and outcomes; define our market reach 
and expansion goals; and build relationships with referring 
physicians, assuring that access and communication expectations 
would be met.2 By branding educational materials and 
supporting community service events, we accomplished our 
marketing goals as well as our patient care goals.

Outcomes of System Stroke Program Development
Process Measures

Standard data measure collection throughout the health system 
started in January 2009. Displayed on the Stroke Initiative 
scorecard (Figure 2), data are reviewed and discussed at each 
of the quarterly meetings. These discussions have fostered 
a cohesive team spirit, sharing each others’ successes and 
participating in solutions to process improvement projects.

System Stroke Volume
The system stroke volume saw an overall 7% growth from 
2007 to 2008 and has sustained that volume through 2010 
despite the downturn in the economic environment (Figure 
3). This growth was accomplished through an increase in early 
identification of stroke patients at our community hospitals. Low-
risk stroke patients could be maintained at community hospitals, 
which made room for a 31% volume growth in neurosurgical 
and endovascular activity at UH Case Medical Center from 2007 
to 2009 as more patients were identified and received early 
interventions for stroke (Figure 4).

regional Image and reputation
The program has also had a substantial impact on our regional 
image and reputation. Site visits by the leadership team and 
physicians and educational programs by our neuroscience nurses 
have been instrumental in building relationships with hospitals 
and physicians outside of the UH system. While transfers from 
the UH community and partnership hospitals have steadily 
increased since 2007, there has been a substantial increase in 
market share due to significant growth in transfers from non-UH 
entities (Figure 5).
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Figure 3: Effect of UH system stroke program on 
overall stroke volume.

Figure 4: Effect of UH system stroke program on 
overall stroke surgical volume.
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Figure 5: Effect of UH system stroke program on 
neuroscience transfers from non-UH hospitals.
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Sudden Unexpected Death 
in Epilepsy

by
Samden D. lhatoo, MD, FrCP

The History of Sudden 
Unexpected Death in 
epilepsy

In June 1773, George 
Washington wrote the 
following letter to Burwell 
Bassett, the brother-in-
law of his wife, Martha 
Custis, on the death of his 
step-daughter, Patsy Custis 
(Figure 1): Mount Vernon, June 20, 1773

Dear Sir,

It is an easier matter to conceive, than to describe the 
distress of this Family; specially that of the unhappy Parent 
of our Dear Patsy Custis, when I inform you that yesterday 
removed the Sweet Innocent Girl Entered into a more 
happy and peaceful abode than any she has met with in the 
afflicted Path she hitherto has trod. She rose from Dinner 
about four o’clock in better health and spirits than she 
appeared to have been in for some time; soon after which 
she was seized with one of her usual Fits, and expired in 
it, in less than two minutes without uttering a word, a 
groan, or scarce a sigh. This sudden, and unexpected blow, 
I scarce need add has almost reduced my poor Wife to the 
lowest ebb of Misery; which is encreas’d by the absence 
of her son, (whom I have just fixed at the College in New 
York from whence I returned the 8th Inst) and want of the 
balmy consolation of her Relations. . . 1

National and International Image and reputation
Since its inception, the UH system stroke program has gained national and 
international attention, including awards for educational programs, clinical 
research, and meeting national benchmarks. The annual Neurocritical Care 
and Stroke conference brings national and internationally recognized experts 
and attracts participants onsite or via web conferencing to discuss the latest 
science in the treatment of patients with neurological conditions. In 2009, 
UH Case Medical Center hosted the first review course for the American 
Association of Neuroscience Nurses, attracting more than 300 nurses from 
across the country, including as far away as Hawaii. Team engagement and 
enthusiasm were manifest as nine abstracts were accepted for the 2010 ASA 
International Stroke Conference, including three abstracts from nurses who 
had never submitted their work to a national meeting before. We are hoping 
to be as fortunate with our 11 submissions for the 2011 ASA International 
Stroke Conference.

Clinical excellence
This restructuring led to many ASA GWTG awards among system hospitals  
for sustained compliance with national standardized stroke measures.  
UH Case Medical Center received the Silver Award in September 2008,  
the Gold Award in May 2009, and the Gold Plus Award in May 2009 and 
June 2010. UH Geauga Medical Center received the Bronze Award in  
October 2009 and became certified by the JC as a Primary Stroke Center  
in January 2010. UH Geauga Medical Center received the Silver Plus Award  
in June 2010. UH Bedford Medical Center is currently applying for the Silver 
Plus Award (Figures 6 and 7).

After extensive competition, the Stroke System Initiative emerged as the 
winner of the UH Team Achievement Award in December 2009 for its work 
in advancing stroke care across the UH health system and serving as a “model 
of system integration for the health system.” In addition to the prestigious 
recognition by top leadership in the UH system, the award includes a 
monetary prize that will be used to fund stroke educational initiatives.

Conclusion
Our systems approach to stroke care has successfully integrated specialties 
within hospitals and hospitals within a health system to improve the 
quality of care for patients with cerebrovascular disorders. By creating an 
infrastructure of comprehensive care employing best practices, continuous 
outcomes assessments, and continuous quality improvement, the Stroke 
System Initiative has not only improved care and fostered innovation but has 
optimized resource utilization across a health system. Good medicine can also 
be good business.

Figure 6: ASA GWTG Gold Plus Award logo. Figure 7: ASA GWTG Bronze Award logo.

Figure 1: George Washington (left) and Patsy Custis (right).
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Washington’s letter provides an excellent 
description of what was very likely a 
sudden unexpected death in epilepsy 
or SUDEP. Patsy was known to have 
regular seizures, and Washington was 
a faithful chronicler of these events. 
Patsy was otherwise in good health and 
clearly did not have status epilepticus 
or a serious seizure-induced injury as an 
agonal event. No alternative explanation 
was found for her death. Many of the 
boxes for a contemporary diagnosis of 
SUDEP are ticked.1 Though this account 
is one of the earlier historical records 
of the phenomenon, SUDEP is likely 
to have been occurring for as long as 
humans have suffered epilepsy, and it has 
been implicated in the passing of many 
prominent figures, including the athlete 
Florence “Flo-Jo” Joyner, the actor Bruce 
Lee, and the musician Jimmy Reed. Only 
in the past 20 years has it attracted the 
interest of the scientific as well as lay 
communities.

by Definition
SUDEP is defined as a sudden, 
unexpected, witnessed or unwitnessed, 
nontraumatic, and nondrowning death 
in patients with epilepsy, with or without 
evidence of a seizure and excluding 
documented status epilepticus, in which 
postmortem examination does not reveal 
a toxicological or anatomical cause for 
death.2 This definition is widely used by 
pathologists and researchers, though 
there has been criticism that it is perhaps 
stringent and excludes some cases – for 
example, an individual with a stable, 
treated glioma, where death is caused 
by a seizure but where the oncological 
diagnosis precludes the pronouncement 
of SUDEP.

The Scale of the Problem
The incidence of SUDEP is 0.09 to 
0.35/1000 person years in the wider 
population with epilepsy but as high as 
6.3 to 9.3/1000 in refractory groups, such 
as those who have failed epilepsy surgery. 
In a population of intractable epilepsy 
clinic patients, an annual incidence of up 
to 1% is likely. As would be expected, 
studies of hospital-based populations 
tend to report higher incidence figures 
compared to community-based cohorts 
(Tables 1 and 2).

risk Factors
The risk factors most often associated 
with SUDEP in studies include poor 
seizure control, antiepileptic drug (AED) 
polytherapy, a long duration of epilepsy, 
and frequent generalized tonic-clonic 
seizures.18,21 The classical profile of a 
SUDEP patient is one who has had long-
term epilepsy with intractable generalized 
tonic-clonic seizures. The use of multiple 
AEDs has been associated with increased 
SUDEP risk in six of eight case-control 
studies. It is possible that polytherapy is a 
surrogate for poor seizure control, though 
the risk of SUDEP has been found to be 
increased in people who are not on AEDs. 
Carbamazepine has also been implicated. 
Night supervision and the use of special 
listening devices have been associated 
with a decreased SUDEP risk, lending 
credence to the observation that many 
SUDEP cases are unwitnessed.

Pathogenetic Mechanisms
Current SUDEP hypotheses focus on 
cardiac and respiratory mechanisms, 
the latter involving central or peripheral 
obstructive apnea.

1. Cardiac Mechanisms. Cardiac 
arrhythmias, such as ictal bradycardia 
and ictal asystole lasting up to 60 
seconds, possibly due to ictal involvement 
of cortical or subcortical autonomic 
pathways, have been reported in varying 
percentages. Heart rate variability is 
significantly reduced at night in people 
with chronic temporal lobe epilepsy 
compared to controls, and decreased 
heart rate variability has been shown to 
increase cardiac mortality and sudden 
cardiac death.22 Cardiac sympathetic 
regulation is reduced in people with 
chronic temporal lobe epilepsy, and 
cardiac sympathetic denervation may 
also occur. Resultant denervation 
hypersensitivity could explain the apparent 
increase in the influence of sympathetic 
tone on heart rate regulation, potentially 
leading to detrimental tachycardia during 
seizures and abnormal heart rate recovery 
after seizures.22 Epilepsy and refractory 
seizures appear to be associated with 

decreased heart rate variability and 
decreased cardiac sympathetic enervation, 
both of which may serve as autonomic 
markers for SUDEP. Tachyarrhythmias can 
also occur with seizures. QT lengthening 
above pathological upper limits has 
been observed in patients with epilepsy. 
Ventricular tachycardia and fibrillation 
resulting in near-SUDEP have been 
reported after a secondary generalized 
tonic-clonic seizure in a patient with 
no underlying cardiac disease. Various 
channelopathy genes have also been 
implicated; however, it is unlikely that 
these genes would explain the majority 
of SUDEP cases, and a family history of 
sudden death does not appear to increase 
the likelihood of SUDEP.22

2. Respiratory Mechanisms. A variety 
of respiratory symptoms have been 
noted with seizures, including coughing, 
belching, hyperventilation, hypopnea, 
apnea, and respiratory arrest.22 Witnessed 
SUDEP events have described peri-ictal 
respiratory difficulties. Post-ictal central 
or obstructive apnea has been reported 
in two near-SUDEP incidents. However, 
central hypopneas or apneas are probably 
more frequent than obstructive apneas. In 
two recorded SUDEP cases in an epilepsy 
monitoring unit, ictal hypoventilation 

and hypoxemia appeared to contribute 
to death, possibly compounded by 
acidosis and a failure of the recovery of 
cortical function, all eventually leading to 
cardiac arrest.23 Respiratory changes in 
the ictal/post-ictal period of 33 patients 
with localization-related epilepsy, with 
or without secondarily generalized 
convulsions, used end tidal CO2 as a 
measure of alveolar CO2.24 Severe and 
prolonged increases were found to occur 
with seizures. The duration of ictal apnea, 
usually central, was 49 +/- 46 seconds 
(31, 6 to 222). The peak ictal end tidal 
CO2 change and duration of change 
were not associated with apnea duration 
or seizure duration. Interestingly, peak 
end tidal CO2 change was significantly 
associated with contralateral seizure 
spread. The authors speculated on 
seizure-triggered, ventilation-perfusion 
inequality from pulmonary shunting or 
transient neurogenic pulmonary edema 
(found in several postmortem studies 
of SUDEP patients) as an explanation 
for these findings. A recent study (49 
children, 225 seizures) observed ictal 
hypoxemia in 48.9% of children and 
26.8% of seizures.25

3. Other Mechanisms: Five SUDEP cases 
monitored by electroencephalography 
(EEG) and one near-SUDEP case have 
reported profound, prolonged, or terminal 
EEG suppression beginning within the 
first 40 seconds of the post-ictal period 
after generalized tonic-clonic seizures, 
suggesting profound suppression of 
cortical function.26 In one case-control 
study of patients with chronic, medically 
refractory epilepsy, ten definite SUDEP 
cases with one or more video EEG-
monitored epileptic seizures and 30 
matching case controls were studied. 
Electroclinical seizure features were 
studied, in particular. A generalized 
estimating equation model was utilized 
to estimate the odds of SUDEP using the 
duration of post-ictal EEG suppression 
(PGES) as a continuous and categorical 
variable. When only generalized motor 
seizures were studied (cases = 16 seizures, 
controls = 58 seizures), PGES was  
found to be significantly longer in the 
seizures of cases than those of controls  
(P < 0.001). Durations of PGES greater 
than 50 seconds had significantly  
elevated odds ratios (ORs) (OR = 5.25; 
95% CI: 1.28–22.64; P < 0.05). OR 
increased exponentially with PGES greater 
than 80 seconds (OR = 19.29; 95% 
CI: 2.91–128.02). After adjustment for 

reference Population Case ascertainment Incidence

Terrence et al3 1975 Community Retrospective review of autopsies 0.9

Leestma et al4 1984 Community Retrospective review,  0.5–0.9
  medical examiner 

Leestma et al5 1989 Community Prospective, medical examiner 0.9–2.7

Jick et al6 1992 “Primary epilepsy,” age  Retrospective review of 1.3
 15–49 years, based on  death certificates 
 AED prescriptions and autopsies 

Tennis et al7 1995 “Primary epilepsy,” age  Retrospective review of 0.5–1.4
 15–49 years, based on  death certificates 
 AED prescriptions and autopsies 

Ficker et al8 1998 Community Retrospective review, all deaths  0.35
  in Rochester, MN 

Langan et al9 1998 Community Retrospective review, autopsies 1.5

Lhatoo et al10 2001 Community Prospective, general practices 0.09

Camfield et al11 2002 Community Retrospective review 0.11

TAble 1.  INCIDeNCe OF SUDeP IN COMMUNITY-
bASeD STUDIeS. FIgUreS rePOrTeD 
Per 1000 IN THe POPUlATION.

AED = anti-epileptic drug

reference Population Case ascertainment Incidence

Dashieff12 1991 Referrals for epilepsy surgery Prospective 9.3

Lip and Brodie13 1992 Epilepsy clinic Retrospective 4.9

Timmings14 1993 Epilepsy clinic and  Retrospective 2.0
 death certificates 

Nashef et al15 1995 Epilepsy and learning difficulties Retrospective 3.4

Nashef et al15 1995 Tertiary referral center Retrospective 5.9

Derby et al16 1996 > 2 AEDs/patient,  Retrospective 2.2
 refractory epilepsy 

Leestma et al17 1997 Lamotrigine trials in  Retrospective 3.5
 refractory epilepsy 

Nilsson et al18 1999 Case series based on  Retrospective 1.5
 hospital admissions 

Annegers et al19 1998 Vagus nerve stimulation,  Retrospective 4.5
 refractory epilepsy 

Donner et al20 2001 Coroners reports in children Retrospective 0.2

TAble 2.  STUDIeS OF SUDeP IN SeleCTeD 
ePIlePSY COHOrTS. FIgUreS rePOrTeD 
Per 1000 IN THe POPUlATION.
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potential confounding variables, each 
one-second increase in duration of  
PGES increased the odds of SUDEP by  
a factor of 1.7% (95% CI:1.005–1.027;  
P < 0.005).26 This preliminary study 
indicates that careful study of clinical 
features as well as peri-ictal EEG may 
yield clues to SUDEP pathogenesis. The 
relationship between EEG suppression, 
brainstem function, central respiratory 
drive, and cardiac function has not been 
studied. Case reports of actual recorded 
deaths suggest that cardiac mechanisms 
may not be primary and that profound 
suppression of brain function may be the 
cause of poor or absent central respiratory 
drive, leading to death (Figure 2, Table 3).  
The influence of AEDs on ictal and 
post-ictal EEG suppression and cortical 
dysfunction is unknown.

Prevention
Despite intense interest in SUDEP more 
than a decade after comprehensive 
case control studies of risk factors, 
pathogenetic mechanisms of SUDEP 
remain obscure. In recognition of the 
lack of comprehensive prospective 
studies and the relatively small annual 
incidence of SUDEP, the National Institute 
of Neurological Disorders and Stroke 
recently announced a SUDEP-specific 
funding opportunity, which, it is hoped, 
will provide new impetus to SUDEP 
research. In the meantime, given what 
we know of risk factors, the incentive 
to try and achieve better seizure control 
in our patients is stronger than ever, 
particularly in those patients with frequent 
generalized tonic-clonic seizures. The use 
of cardiac pacemakers in patients with 
ictal asystole is often advisable (at the very 
least to prevent syncope-induced injury) 
but is not proven to reduce SUDEP risk in 
these individuals. However, it is considered 
good practice to seek a cardiologist’s 
advice in such patients. It is also advisable 
that SUDEP risk be discussed with all 
patients who have intractable epilepsy. 
Seizure alert devices may have a role in 
alerting caregivers, parents, or relatives 
to seizures, though their sensitivity and 
specificity in detecting seizures have not 
been systematically examined, nor has 
their precise role in preventing SUDEP.

Samden Lhatoo, MD, reports no financial 
relationships with commercial interests 
relevant to the content of this article.
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Figure 2: SUDEP, seizure termination, post-ictal EEG suppression, and central apnea.

Duration Odds ratio 95% confidence interval Significance

> 10 11.42 0.98–132.4 0.052

> 20 12.99 1.24–135.78 < 0.05

> 30 7.61 1.23–47.03 < 0.05

> 40 8.1 1.56–41.98 < 0.05

> 50 8.9 1.47–53.76 < 0.05

> 60 15.18 2.42–95.41 < 0.005

> 70 15.18 2.42–95.41 < 0.005

> 80 30.06 4.45–203.07 < 0.001

> 90 30.06 4.45–203.07 < 0.001

TAble 3.  POST-ICTAl geNerAlIzeD eeg SUPPreSSION 
AND ODDS rATIOS FOr SUDeP IN 
geNerAlIzeD MOTOr SeIzUreS.

Generalized motor seizures 1/4 generalized tonic-clonic, generalized tonic, generalized clonic.
Adjusted for age, sex, and age at onset of epilepsy.
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