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A Stroke/Vascular Neurology Service
Increases the Volume of Urgent Carotid
Endarterectomies Performed in a Tertiary
Referral Center
Hernan A. Bazan, Gentry Caton, Shahrzad Talebinejad, Ross Hoffman, Taylor A. Smith,

Gabriel Vidal, Kenneth Gaines, and W. Charles Sternbergh III, New Orleans, Louisiana
Background: Increasing evidence supports that urgent carotid endarterectomy (CEA), defined
as CEA during the index hospitalization, may be undertaken in select patients with acute carotid-
related neurologic symptoms to prevent recurrent ischemic events. We aimed to determine the
effect of a stroke/vascular neurology service on the volume of urgent CEAs performed and
assess perioperative outcomes.
Methods: A retrospective review from a single tertiary referral center between June 2005
through December 2011 revealed 393 patients who underwent CEA. We identified the number
of urgent CEAs before (June 2005eAugust 2008) and after (September 2008eDecember 2011)
a stroke/vascular neurology service was implemented, as well as asymptomatic CEAs and
symptomatic but electively performed CEAs. Demographic data as well as 30-day adverse out-
comes (transient ischemic attack [TIA], stroke, myocardial infarction, and mortality) were
analyzed for each group. In patients undergoing urgent CEA, TIA and stroke severity were
assessed by a stroke neurologist using the ABCD2 TIA score and National Institutes of Health
Stroke Scale (NIHSS), respectively. The c2 test was used to compare differences between the
urgent CEA volume before and after a stroke/vascular neurology service. Fisher’s exact test was
used to analyze perioperative outcomes.
Results: Demographics and comorbidities were similar between the 2 groups. The proportion
of urgent CEAs performed increased significantly after initiation of a vascular neurology service
(4.1% [7 of 172] vs. 22.2% [49 of 221], P < 0.0001). Per annum, urgent CEAs increased from
5.3% (4/75) in 2005 to 39.6% (25/63) in 2011. A vascular neurology service did not increase the
number of nonurgent referrals. Urgent CEA indications were ocular ischemic events 4% (2/49),
cerebral ischemic/infarction events 35% (17/49), crescendo TIAs 6% (3/49), acute stroke 45%
(22/49), and stroke-in-evolution 10% (5/49). Mean NIHSS was 3.5 (range 0e24); mean TIA
score was 5 (range 1e8). Although there were no statistical differences in 30-day outcomes,
there was a trend toward a higher combined complication rate (stroke, death, myocardial infarc-
tion) in the urgent compared with the symptomatic but electively performed CEA group (7.1 % [3/
49] vs. 2% [1/49]; P ¼ .36). However, patients undergoing urgent CEA with an NIHSS <10 had
no perioperative complications.
Conclusions: Collaboration with a vascular neurology team increased the volume of urgent
CEAs over a 3-year period. In patients with mild-to-moderate strokes (NIHSS <10), urgent
CEA perioperative outcomes approximate those for electively performed CEAs, suggesting
improved care through a multidisciplinary approach.
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INTRODUCTION

Patients presenting with acute carotid-related

neurologic symptoms are at a heightened risk of a

stroke.1 Natural history data suggests that the risk

of stroke after a transient ischemic attack (TIA) is

6.7% at 2 days and up to 11.7% at 7 days.2 This sig-

nificant stroke rate was found in patients presenting

with TIAs aged over 60 years, hypertensive patients,

diabetics, and those experiencing unilateral weak-

ness for 60 minutes or more. Several groups have

thus advocated for carotid endarterectomy (CEA)

during the index hospitalization (urgent CEA) in

select patients with acute neurologic symptoms to

minimize the risk of recurrent ipsilateral cerebral

ischemic events.3e7 Moreover, a subset of patients

with few comorbidities undergoing urgent CEA

were found to have low rates of perioperative

complications.8

The effect of rapid-access TIA clinics on proce-

dures performed and outcomes has been recently

described.9,10 Implementation of a 24-hour TIA

clinic in France led to earlier medical optimization

and identified a subset of patients (5%) who under-

went urgent CEA.9 Moreover, the expected 90-day

stroke rate was reduced from 5.96% to 1.24%,

based on predicted ABCD2 TIA scores. In the United

Kingdom, Naylor and colleagues recently demon-

strated that establishment of a TIA clinic led to

decreased delays in referral to CEA from the index

ischemic event from 9 to 4 days.10

However, the effects of a dedicated stroke/

vascular neurology service on the inpatient man-

agement of patients presenting with acute carotid-

related events has not been described. Because the

majority of patients with acute neurologic symp-

toms present acutely to the emergency department,

the inpatient management of such patients through

coordinated service lines is important. We sought to

determine whether a dedicated stroke/vascular

neurology service increases the volume of urgent

CEAs performed in a tertiary referral center and

assess perioperative outcomes.
METHODS

All CEA procedures performed for asymptomatic

and symptomatic carotid stenosis at the Ochsner

Clinic in New Orleans, Louisiana, between June 1,

2005 and December 31, 2011 were retrospectively

reviewed after obtaining institutional review board

approval. Symptomatic but electively performed

CEA patients were defined as those presenting

with an ocular ischemic events, cerebral TIAs, or

stroke within 6 months.
Urgent CEA patients were defined as those with

recent (<10 days) ischemic symptoms who under-

went CEA during the same (index) hospitalization

after admission through the emergency department,

from another hospital through the regional transfer

center, or the stroke telemedicine program. Select

patients presenting within 4 hours of the ischemic

event whowere deemed by the vascular neurologist

to have an acutely ischemic middle cerebral artery

or branch artery event were administered intrave-

nous thrombolysis (tissue plasminogen activator,

0.9 mg/kg; 10% bolus over 1 minute followed by

90% infusion over 60 minutes). For patients under-

going urgent CEAs presenting with TIAs, an ABCD2

TIA score was recorded.11 In brief, the ABCD2 score

predicts risk of stroke at 2, 7 and 90 days based on

the number severity of score (1e7; score of 0e3

has a 7-day risk of stroke of 1.2%, whereas a score

of 6e7 has a 7-day risk of stroke of 11.7%). Variables

that make up the ABCD2 score are age >60 years,

systolic blood pressure >140 mm Hg, the presence

of unilateral weakness or speech impairment, dura-

tion of TIA 10 to 59 minutes versus >60 minutes,

and the presence of diabetes. The National Institutes

of Health Stroke Scale (NIHSS) was used to quantify

stroke severity in patients presenting with a stroke.

The NIHSS is a clinical stroke assessment tool to

evaluate and report neurologic status in patients

with acute strokes; it can predict lesion size and

serve as a measure of stroke severity (www.

nihstrokescale.org/). NIHSS score of 1 to 4 is a ‘‘mi-

nor stroke,’’ 5 to 15 a ‘‘moderate stroke,’’ 16 to 20 a

‘‘moderate to severe stroke,’’ and 21 to 42 a ‘‘severe

stroke.’’

All patients underwent preoperative bilateral

carotid duplex ultrasound and/or computed tomog-

raphy angiography of the neck and found to

have �50% carotid stenosis North American Symp-

tomatic Carotid Endarterectomy Trial (NASCET

criteria) ipsilateral to the ischemic event, depending

on physician preference. Noncontrast computed to-

mography head scan and magnetic resonance imag-

ingwere obtained according to physician preference,

depending on the severity of symptoms. Mono- or

dual-antiplatelet therapy (aspirin 81 or 325 mg; clo-

pidogrel 75mg), depending on physician preference,

was initiated with high-dose statin therapy (simva-

statin 80 mg). A clinical pathway has been estab-

lished with the vascular neurology service such

that all acutely symptomatic carotids are referred

by the vascular neurology service/‘‘stroke central’’

to vascular surgery for possible CEA. In cases in-

volving medically high-risk patients, such as chronic

obstructive pulmonary disease (COPD) with home

oxygen dependence, judged by 1 of the vascular

http://www.nihstrokescale.org/
http://www.nihstrokescale.org/
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surgeons to have an unacceptable risk for CEA,

carotid artery stent (CAS) with proximal protection

or embolic protection device is considered. Any sym-

ptomatic patients undergoing carotid angioplasty

and stenting were excluded from the analysis. Pa-

tients with dense ischemic cerebral events, such as

hemorrhagic conversion and NIHSS >24, were not

offered urgent operative management.

CEAs were performed by 1 of 3 board-certified

vascular surgeons under general or regional anes-

thesia, using standard endarterectomy with patch

closure. Shunting was used in all cases. Postopera-

tively, patients were selectively monitored over-

night in a postoperative anesthesia care unit and

either discharged home or transferred to a standard

surgical wardwithin 24 hours. Patients at risk for ce-

rebral hyperperfusion syndrome, particularly those

presenting with acute ischemic events, hyperten-

sion, and a high-grade stenosis were monitored in

the intensive care unit. Neurologic examinations

were performed pre- and postoperatively by a

vascular neurologist in patients undergoing urgent

CEA; other CEAs were examined by 1 of 3 vascular

surgeons. Any patient presenting with a stroke-in-

evolution and clinically judged to benefit from

revascularization underwent an emergent CEA in

<4 hours after presentation.

Adverse outcomes at 30 days were analyzed for

each group: TIA, stroke, non-ST or ST-elevated

myocardial infarction (NSTEMI or STEMI), and

mortality. TIA was defined as a cerebral ischemic

event that resolved within 24 hours; stroke was

defined as any new cerebral neurologic deficit per-

sisting beyond 24 hours. MI was defined by typical

chest pain, elevated serum biomarker troponin I,

and determined to be either STEMI or NSTEMI.

The c2 test was used to compare the urgent CEA

volume before (June 2005eAugust 2008); after

(September 2008eDecember 2011), a vascular

neurology service was implemented. Fisher’s exact

test was used to analyze perioperative outcomes.

RESULTS

A retrospective review of all CEA for the 39-month

period before and after initiation of a stroke/

vascular neurology service (between June 2005

thru December 2011) revealed 393 patients that un-

derwent CEA. Demographics and comorbidities

were similar between the 2 groups (Table 1). The

proportion of urgent CEAs performed increased

significantly after initiation of a vascular neurology

service (4.1% [7/172] vs. 22.2% [49/221],

P < 0.0001 via contingency table; Fig. 1A). Per

annum, urgent CEAs increased from 5.3% (4/75)
in 2005 to 39.6% (25/63) in 2011, P < 0.0001

(Fig. 1B). From January 2005 through December

2011, 436 CEAs were performed (Fig. 1B). A dedi-

cated vascular neurology service did not increase

the number of symptomatic but did increase the

number of electively performed CEAs or asymptom-

atic CEAs performed. Urgent CEA indications were

ocular ischemic events 4% (2/49), cerebral

ischemic/infarction events 35% (17/49), crescendo

TIAs 6% (3/49), acute stroke 45% (22/49), and

stroke-in-evolution 10% (5/49). In patients pre-

sentingwith acute neurologic symptoms and under-

going CEA during the index hospitalization, thus

deemed urgent CEA, mean ABCD2 TIA score was

5 (range 1e8); mean NIHSS was 3.5 (range 0e24).

In the urgent CEA group, the mean time to CEA

was 3.5 days (range 0e10) after admission. In 5 of

49 cases, patients presented with stroke-in-

evolution and the CEA was undertaken emergently

in <4 hours.

Although there were no statistical differences in

30-day outcomes, there was a trend toward a higher

combined complication rate in the urgent compared

with elective symptomatic CEA group (7.1% [3/49]

vs. 2% [1/49]; P ¼ .36). This consisted of 1 stroke, 1

death, and 1 MI in the urgent group (n ¼ 49) and 1

MI in the symptomatic but electively performed

group (n¼ 49). The sole stroke occurred in a patient

who presented with crescendo TIAs in the urgent

CEA group and both MIs in each group were NSTE-

MIs.However, patients undergoingurgentCEAwith

an NIHSS <10 had no perioperative complications.

Therewere no cases of ischemic to hemorrhagic con-

version. Lastly, urgent CEAs are associated with an

increase in length of stay, compared with symptom-

atic but electively performed CEAs (mean 2.7 ± 2.1

vs. 7.6 ± 13.1 days, P < 0.0001; Fig. 2). This led to

higher proportion of urgent CEA patients being dis-

charged to rehabilitation facilities.

DISCUSSION

Our study demonstrates the novel finding that a

stroke/vascular neurology service positively affects

the volume of urgent CEAs performed over a

3-year period in a tertiary referral center.We cannot

find any reports in the literature that describe the

practice pattern effects between a stroke/vascular

neurology team and vascular surgery on the propor-

tion of urgent CEAs performed. Our data also sug-

gest that periprocedural outcomes for urgent CEAs

in patients with stable and unstable neurologic

symptoms presentingwith NIHSS score<10 is safely

tolerated. There is a paucity of data in our vascular

surgery literature regarding the NIHSS scores under



Table I. Demographic characteristics of the CEA groups before and after initiation of a stroke/vascular

neurology service

Stroke/vascular
neurology

Asymptomatic CEA
Symptomatic but electively
performed CEA Urgent CEA

Pre Post P value Pre Post P value Pre Post P value

n 119 123 46 49 7 49

Mean age,

years (SD)

70.3 (10.0) 70.7 (9.4) 0.46 70 (9.7) 72.4 (8.9) 0.58 61.9 (7.9) 69.8 (10.6) 0.48

Male, n (%) 78 (66) 70 (57) 0.21 23 (50) 30 (61) 0.37 4 (57) 29 (59) 0.91

Indication 0.64 0.11

TIA, n (%) n/a n/a 34 (74) 33 (67) 6 (86) 22 (45)

Stroke, n (%) n/a n/a 12 (26) 16 (33) 1 (14) 27 (55)

P values for preepost comparisons within each group calculated using 2-tailed unpaired t test for continuous variables (mean age) and

c2 tests (2-sided) for categorical variables (male sex, indication).

Fig. 1. (A) The proportion of urgent CEAs performed

increased significantly after initiation of a stroke/vascular

neurology (Vasc Neuro) service. Overall, the incidence of

urgent CEAs after implementation of a stroke/vascular

neurology program increased from 4.1% (7/172) to

22.2% (49/221) of all CEAs performed (P < 0.0001).

(B) Increase in urgent CEA volume after implementation

of a vascular neurology/stroke program. *Program was

begun in September 2008. Per annum, urgent CEAs

increased from 5.3% (4/75) in 2005 to 39.6% (25/63)

in 2011; c2, P < 0.0001.
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which urgent CEAs are well-tolerated, which we

describe as NIHSS <10. Another finding is that ur-

gent CEAs are associated with an increased length

of stay compared with symptomatic but electively

performed CEA. This is likely because of a higher

proportion of these patients presenting with poor

medical optimization, such as not being on anti-

platelet medication, statin therapy, or tight glycemic

and blood pressure control. Patients undergoing ur-

gent CEA may require more medical optimization

and more postoperative rehabilitation and social

services, leading to a longer postoperative hospital

length of stay compared with electively performed

but symptomatic CEAs. This increased length of

stay does lead to increased hospital costs.12 Strate-

gies to shorten these lengths of stay and cost in
this patient population will be important to develop

in the future. The increased length of stay noted in

the urgent group was primarily due to postoperative

care, such as blood pressure control in symptomatic

patients who also presented with difficult to control

hypertension, and placement into rehabilitation

facilities for those who had a persistent neurologic

deficit on discharge. Patients admitted without

the need for an emergent CEA (e.g., stroke-in-

evolution), also spent 1 to 2 days in the hospital

before the CEA, during which time more definitive

imaging was done and the CEA was placed into

the elective operative schedule.

Finally, as evident in Figure 1B, the proportion

of asymptomatic patients undergoing CEAs per

year has fallen from 69% to 56%. This is an



Fig. 2. Urgent CEAs are associated with an increase in

length of stay (LOS). Patients undergoing urgent CEA

have a marked increased length of stay compared with

symptomatic but electively performed CEA (mean 2.7

vs. 7.6 days, P < 0.0001).
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interesting observation that likely reflects an in-

creasing conservative stance on asymptomatic ca-

rotid occlusive disease by our referring physicians

and us.

To address whether the increase in urgent CEA

volumewas coming fromadedicated stroke/vascular

neurology service and not from a reduction in CAS

volume,we looked at the number of CAS procedures

performedper year. Indeed, they remained relatively

stable, except for the initial year of 2005. Per year, the

number of CAS procedures were (number of proce-

dures in parenthesis following each year): 2005 (5)

2006 (35), 2007 (54), 2008 (53), 2009 (39), 2010

(56), 2011 (46). Hence, an increase in urgent CEAs

is indeed coming from a dedicated stroke/vascular

neurology service and an increase in the number of

CAS performed did not occur during the study

period, as did urgent CEAs.

Given the absence of randomized controlled trials

supporting the notion of an aggressive approach for a

patient with severe carotid-related acute neurologic

ischemic symptoms, such as stroke-in-evolution,

better protocols need to be developed in the future

to determine which patients will benefit from

emergent compared with urgent CEA. Increasing

evidence supports the notion of an aggressive man-

agement for patients presenting with stroke-in-evo-

lution,6 as we undertook in 5 of 49 patients in our

‘‘urgent CEA’’ cohort, leading to revascularization

within 4 hours of initiation of symptoms.

In patients who do not present with stroke-

in-evolution, there was a recent large Swedish

population report that raised 1 caveat.13 In 2596

symptomatic patients, very urgent CEA, undertaken
<48 hours from a TIA or minor stroke, did confer a

higher periprocedural risk of stoke and death

comparedwith CEA undertaken on day 3 or later af-

ter the qualifying neurologic event (11.5% [17/148]

vs. 3.6% [29/804], respectively). Patients treated

within 48 hours had a relative odds ratio of 4.24

(confidence interval 2.07e8.70; P < 0.001)

compared with day 3 and later.13

In our study, we did not note a significant dif-

ference in 30-day adverse outcomes between the

urgent CEA group and the symptomatic but elec-

tively performed CEA group (P ¼ .36); however,

this is likely a type II error given the relatively small

sample size. Our data do suggest that for patients

with mild-to-moderate strokes (NIHSS <10), an

urgent CEA approach is fairly well tolerated. It is

hoped that this will span new clinical research stra-

tegies that may further define other patient-related

factors (such as carotid plaque morphology and

presence of particular comorbidities) that may pre-

dict a favorable outcome after urgent CEAs.

Our study does have 2 limitations. First, neuro-

logic outcomes were performed by an independent

neurologist in all urgent CEAs, whereas elective

CEAs did not undergo an independent evaluation.

This has the potential to create a reporter bias. Sec-

ond, CAS cases were excluded from this review. This

was done primarily because of the increased peri-

procedural stroke risk identified in 2 randomized

controlled trials with CAS compared with CEA14,15

and the preference of our stroke/vascular neurology

team. Moreover, the International Carotid Stenting

Study, which focused solely on treatment of symp-

tomatic carotid disease, found that CAS patients

are more five times more likely to develop new

post-procedure lesion on MRI compared to CEA.16

Though the clinical significance of theseMRI lesions

is unclear, one could postulate possible decreased

cognition or increased dementia in future years.

Henceforth, patients presenting with acute neuro-

logic ischemic events are primarily routed towards

CEA in our institution due to the lower periproce-

dural stroke risk with CEA compared to CAS.

Indeed, in conjunction with our dedicated stroke/

vascular neurology service, a clinical pathway was

implemented in 2012 at our institution such that

all acutely symptomatic carotids are referred by

the vascular neurology service to vascular surgery

for evaluation and revascularization management.

Although CEA has been the preferred primary

mode of treatment at our institution by our stroke/

vascular neurology team, in select true medically

high-risk patients, such as chronic obstructive pul-

monary disease with home oxygen dependency or

debilitated cardiac disease with ejection fraction
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<20%, CAS with proximal protection or embolic

protection device has been undertaken in select

acute symptomatic patients. Should an intracranial

intervention be necessary for neurorescue, a neuro-

interventional team is available for such endolumi-

nal therapy.

The basis for undertaking an urgent CEA during

the index hospitalization is based on natural history

data that suggest the risk of stroke after a TIA is

near 10% at 7 days.1 Pooled analysis from CEA trials

has demonstrated the greatest benefitwithin 14 days

from the ischemic event and that the benefit falls

rapidly with delay of surgery.4 Certainly there is an

absence of level I evidence because there is no ran-

domized trial addressing urgent carotid interven-

tions. A multidisciplinary recommendation from

the American Heart/American Stroke Associations

deemed a Class IIa, level of evidence B, for undertak-

ing CEA within 2 weeks after a TIA or stroke rather

than delaying surgery if there are no contraindica-

tions to early revascularization.17Because significant

stroke reductionmay be achieved by undertaking an

aggressive approach toward patients presentingwith

a symptomatic carotid lesion, future research should

address new ideas about establishing further novel

stroke service lines, rapid access TIA/stroke clinic,

and collaborations between vascular surgery and

neurology, particularly a stroke/vascular neurology

team, in the careof select patientswith stable andun-

stable neurologic symptoms.
CONCLUSIONS

Our study demonstrates that close collaboration be-

tween vascular surgery and a dedicated stroke/

vascular neurology service positively affects the vol-

ume and outcome of urgent CEAs performed in a

tertiary referral center. No complications were

noted in patients who presented with NIHSS <10.
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