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Patients with moderate to severe strokes (NIHSS score

>10) undergoing urgent carotid interventions within

48 hours have worse functional outcomes
Esther Mihindu, DO,a Alaa Mohammed, MPH,b Taylor Smith, MD,a Clayton Brinster, MD,a

W. Charles Sternbergh III, MD,a and Hernan A. Bazan, MD,a New Orleans, La
ABSTRACT
Objective: Increasing evidence suggests that urgent carotid intervention after a nondisabling stroke is safe. However, the
functional outcome of such patients has not been quantified for various degrees of stroke. We aimed to determine
whether increased presenting stroke severity and timing to intervention are associated with poor functional outcomes in
patients undergoing urgent carotid endarterectomy (CEA) or carotid artery stenting (CAS) after an acute transient
ischemic attack or stroke.

Methods: We reviewed all urgent carotid interventions from January 2013 through April 2017 at a single tertiary referral
center. Preoperative variables analyzed included admission stroke severity, calculated by National Institutes of Health
Stroke Scale (NIHSS). The primary end point was the patient’s neurologic functional independence at discharge,
quantified by the modified Rankin scale (mRS) score (#2, functionally independent; $3, dependent). Primary compli-
cations were defined as new or worsened stroke, intracranial hemorrhage, and death.

Results: A total of 120 urgent carotid interventions (CEA, n ¼ 96; CAS, n ¼ 22; 1 CEA with middle cerebral artery aspiration
thrombectomy and 1 carotid embolectomy) were performed. Bivariate analysis demonstrated a correlation between
admission NIHSS score and mRS score when patients were divided into groups with an admission NIHSS score #10 and
>10 (P ¼ .0029). Patients presenting with larger strokes (NIHSS score >10) were 3.4 times more likely (95% confidence
interval [CI], 1.2-9.6; P ¼ .024) to have functional dependence (mRS score $3) at discharge than patients presenting with
minor to moderate strokes (NIHSS score#10). Patients undergoing CEA or CAS before 48 hours were also associated with
a worse discharge mRS score compared with those undergoing carotid interventions after 48 hours (odds ratio, 3.5; 95%
CI, 1.4-8.7; P ¼ .007). Even when emergent carotid interventions were excluded from the subgroup of patients undergoing
CEA or CAS within 48 hours, discharge mRS correlated with time to procedure (days 1- 2 compared with >2 days). The
odds of having discharge functional dependence (mRS score $3) were 3.4 times more likely for patients with the
procedure performed at 1 to 2 days compared with >2 days (95% CI, 1.3-9.1; P ¼ .014).

Conclusions: Urgent carotid intervention performed in patients with moderate or severe strokes (NIHSS score >10) and
before 48 hours is associated with functional dependence (mRS score $3) on hospital discharge. By demonstrating a
clear correlation between admission NIHSS score and interval time to procedure with independent neurologic functional
outcomes, these data aid in clinical decision-making for this high-risk subpopulation of patients who present with acute
symptomatic carotid lesions. (J Vasc Surg 2019;69:1471-81.)
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Growing evidence suggests the safety of urgent carotid
interventions in select patients.1-4 However, the presenting
characteristics of patients that predict low complication
rates and neurologic functional independence in this
high-risk subset ofpatients arenotaswell defined for extra-
cranial carotid interventions as they are for intracranial
thrombectomy. Functional dependence can be defined
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with use of themodifiedRankin scale (mRS),5 a commonly
used clinical outcome measure to quantify the degree of
neurologic disability or dependence with daily activities
for patients who have sustained a stroke (a free web calcu-
lator is available at http://www.modifiedrankin.com).
Functional neurologic outcome using mRS was one of

the key end points in the Highly Effective Reperfusion
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ARTICLE HIGHLIGHTS
d Type of Research: Retrospective analysis of single-
center cohort data

d Key Findings: Urgent carotid interventions (carotid
artery stenting, 22; carotid endarterectomy 96; other,
2) in 120 symptomatic patients resulted in a 3.4-fold
increase in functional dependence when admission
National Institutes of Health Stroke Scale score was
>10 or the intervention was performed earlier than
48 hours from symptom onset.

d Take Home Message: This study suggests that
discharge functional dependence is more common
in symptomatic carotid patients withmoderate to se-
vere strokes or early (<48 hours) carotid interventions.
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Evaluated in Multiple Endovascular Stroke (HERMES)
collaboration, which is a pool of patient-level data
derived from five randomized trials conducted between
2010 and 2014. HERMES was done to examine the
optimal outcomes of endovascular thrombectomy of
intracranial vessels after ischemic stroke,6 demonstrating
reduced neurologic disability at 3 months for endovascu-
lar thrombectomy in combination with medical therapy
compared with medical therapy alone.7-9

Large gaps in knowledge exist in the correlation
between treatment and neurologic functional outcome
for urgent extracranial carotid interventions. We aimed
to determine the neurologic functional outcome, using
mRS, for patients undergoing urgent carotid endarterec-
tomy (CEA) or carotid artery stenting (CAS) and to
identify which factors, including stroke severity and
time to intervention, are associated with improved
outcomes in these high-risk patients.

METHODS
A total of 120 urgent carotid interventions were

performed from January 2013 through April 2017 at a
single tertiary referral center. Urgent interventions were
defined as CEA or CAS performed during the index
hospitalization after presentationwith a transient ischemic
attack (TIA) or an acute stroke in patients with >50%
common or internal carotid stenosis. Emergent carotid
interventions included any intervention performed within
24 hours for unstable neurologic symptoms, such as
crescendo TIA and stroke in evolution. Elective carotid
interventions for asymptomatic or symptomatic carotid
stenoses were excluded. This retrospective study was
approvedby theOchsner Clinic Institutional ReviewBoard,
and informed consent was waived.
All patients underwent initial computed tomography

(CT) of the head. However, if the patient presented as a
transfer, the original head CT scan was sometimes
unavailable for review. Carotid imaging encompassed
carotid ultrasound, CT angiography, and/or magnetic
resonance imaging of the head and neck, at the discre-
tion of a vascular/stroke neurologist or emergency
department physician. Patients presenting with acute
strokes were evaluated with penumbra imaging using
either CT perfusion or multiphase CT.4,10 Admission
stroke severity was determined by vascular/stroke neurol-
ogists using the National Institutes of Health Stroke Scale
(NIHSS), a 15-item neurologic evaluation that grades
severity of stroke. In this scale, a score of <4 represents
a minor stroke, 5 to 15 a moderate stroke, 15 to 20 a
moderate-severe stroke, and 21 to 42 a severe stroke
(http://www.nihstrokescale.org/).
Neurologic functional outcome was quantified by using

the mRS. This is a scale of disability initially created in
1957 and then modified to its current version for use in
the United Kingdom transient ischemic attack (UK-TIA)
study in 1988.11 Using this scale,5 one is able to quantify
the functionality of patients at discharge. A score of
0 to 2 is broadly defined as functionally independent
with a range of ability to tend to oneself without assis-
tance or with slight disability at most. An mRS score of
0 is asymptomatic and 1 is a patient with no significant
disability who is able to carry out all usual daily activities,
despite some minor symptoms. An mRS score of 2 is a
patient with a slight disability who is able to look after
his or her own affairs without assistance but is unable
to carry out all previous activities. Functional depen-
dence encompasses an mRS score $3. A score of 3 is
considered a patient with a moderate disability,
requiring help, but able to walk unassisted. An mRS
score of 4 is a patient who is unable to attend to his or
her own needs or to walk without assistance and is
considered to have a moderately severe disability. An
mRS score of 5 is a patient with a severe disability,
requiring constant nursing care and attention,
bedridden, and incontinent. An mRS score of 6 is death.
Procedures were performed by several specialty physi-

cians. CEAs were done by vascular surgeons under
general anesthesia using routine intraoperative shunting
and patch angioplasty closure after endarterectomy.
Twenty-two CAS procedures were performed by a
combination of vascular surgeons, neurointerventional
radiologists, and interventional cardiologists with prox-
imal or distal embolic protection devices at the discre-
tion of the treating interventionalist. Of the 22 patients
treated acutely with CAS, 9 patients underwent simulta-
neous intracranial aspiration thrombectomies (Penumbra
aspiration catheters; Penumbra Inc, Alameda, Calif). One
patient underwent a concurrent CEA with an intracranial
thrombectomy (see Results). A separate open embolec-
tomy of an acute internal carotid embolus was also
performed.
Preoperative variables analyzed included admission

stroke severity and patients’ demographics and comor-
bidities, including hypertension, hyperlipidemia, coronary
artery disease, chronic kidney disease (defined as chronic

http://www.nihstrokescale.org/
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kidney disease stage 3 or higher), and history of tobacco
use. Another preoperative variable analyzed was the
Alberta Stroke Program Early CT Score (ASPECTS), which
assesses early ischemic changes on non-contrast-
enhanced head CT. ASPECTS is a 10-point quantitative
topographic CT scan score used to quantify the size of a
stroke.12 One point is assigned to each region of the mid-
dle cerebral artery, with a point deducted for each region
involved. Several studies have analyzedASPECTS and out-
comes for intracranial thrombectomy.13 In our study, we
separate ASPECTS as $8 and <7 to predict good or poor
functional outcome, respectively.
The primary end point analyzed was the patient’s

functional dependence (mRS score $3) at discharge using
mRS. Primary complications were defined as new or
worsened stroke, intracranial hemorrhage (ICH), and death.
SAS version 9.4 for Windows (SAS Institute, Cary, NC)

was used to conduct all analyses. Tests were performed
with significance level of a ¼ .05, and any values were
considered significant if P < a. Descriptive statistics
were run for frequencies, mean, median, standard devia-
tion, and normality. Bivariate analysis was run for associ-
ation with the mRS score and primary complication. For
categorical variables, c2 and Fisher exact tests were used
to determine P value. For continuous variables, t-test was
used for normally distributed variables and Mann-
Whitney test for skewed variables. Other analyses
included receiver operating characteristic curve analysis
to estimate performance of the admission NIHSS as a
binary classifier to predict the outcomes. Associations
that are significant were part of the logistic regression
model to predict mRS score and primary complication.

RESULTS
From January 2013 through April 2017, there were 551

patients who underwent carotid interventions. Of these,
120 patients (22%) underwent urgent carotid interven-
tions to treat acute neurologic symptoms, including
cerebral TIA (n ¼ 16 [13%]) and ischemic stroke (n ¼
104 [87%]). The average age was 68.3 years (range,
38-91 years; standard deviation, 11.8 years), and 82
patients were male (68%). Patients’ comorbidities are
detailed in Tables I and II.
The overall stroke and death rate for all urgent carotid

interventions, CEA, and CAS was 11% (13/120). The rate of
complications in CEA patients was 7% (7/96), whereas
the rate of complications in CAS patients was 27%
(6/22). Nearly a third (4/13) of all the stroke/death compli-
cations occurred after procedures done within 24 hours
(day 0). Seventy-seven percent of primary complications
(10/13) occurred in patients in whom urgent carotid inter-
ventions were performed within the first 48 hours
(Table III). In the subcohort of patients undergoing CEA
or CAS after day 2, complications were rare (4% [3/64]).
Of the 13 patients with primary complications, there
were 11 strokes (9% [11/120]), 7 of which were ICH
(Table III). Although the hemorrhagic stroke rate was
high with a rate of 6%, only two of the hemorrhagic
strokes occurred in CEA patients (2% [2/96]), whereas
five of the hemorrhagic strokes occurred in CAS patients
(23% [5/22]).
Of the three deaths, one occurred after an ICH, one

after an ST-segment elevation myocardial infarction,
and one after a pulmonary embolism. The patient who
died of a pulmonary embolism had undergone an
urgent CEA less than a month before, initially was not
given tissue plasminogen activator secondary to recent
surgery, and was started on a heparin infusion on diag-
nosis of the pulmonary embolus; the patient was trans-
ferred to the intensive care unit with pulseless electrical
activity arrest and at this time was given tissue plasmin-
ogen activator but with no return of circulation.
In comparing the change in NIHSS score during a

patient’s hospitalization, a total of 21 patients had wors-
ening of stroke severity from admission to discharge
with a mean worsening of NIHSS score of 4.4 points.
Ninety-nine patients had an improvement in stroke scale
score with a mean improvement of 3.5 points on the
NIHSS.
Analysis of the association between timing of surgery

and admission stroke severity (NIHSS score) demon-
strates that of the 100 patients admitted with an NIHSS
score of #10, there were 41 patients (41%) who under-
went a carotid intervention #2 days and 59 patients
(59%) who underwent a carotid intervention after
2 days. Of the 20 patients admitted with NIHSS score
>10, there were 15 patients (75%) who underwent pro-
cedures in #2 days and 5 patients (25%) who underwent
carotid interventions >2 days after presenting symptoms.
On bivariate analysis, there was a significant association
between presenting stroke severity (NIHSS score) and
days to procedure (P ¼ .0048). This association was
adjusted in regression analysis by creating a model to
predict the odds of functional dependence with both
of these variables.
Bivariate analysis was conducted between two out-

comes, discharge mRS score and primary complications,
with 10 variables. These variables included comorbidities
and presenting stroke severity (NIHSS score) as well as
early ischemic changes on a non-contrast-enhanced
head CT scan (ASPECTS). This demonstrated a correla-
tion between admission NIHSS score and discharge
mRS score (Table I). To define this association, we asked
whether patients with a presenting moderate to severe
stroke (NIHSS score >10) were more likely to have func-
tional dependence at discharge (mRS score $3)
compared with patients presenting with minor and less
moderate strokes (NIHSS score #10). The cohort was
divided into patients with an admission NIHSS score
#10 (n ¼ 100) and >10 (n ¼ 20). Bivariate association
between mRS score and NIHSS score (#10, >10) was sig-
nificant (P ¼ .0029). Patients presenting with large



Table I. Demographic statistics of the overall sample and bivariate analysis with associated modified Rankin scale (mRS)
score

Patients’ data Sample (N ¼ 120)

Discharge mRS score

P value#2 (n ¼ 88) $3 (n ¼ 32)

Sex

Male 82 (68.33) 59 (71.95) 23 (28.05) .6125

Female 38 (31.67) 29 (76.32) 9 (23.86)

Age, years 68.3 6 11.18 68.29 6 11.27 68.31 6 11.09 .9941

Age categories

<70 years 63.0 (52.50) 45.0 (51.14) 18.0 (56.25) .6199

$70 years 57.0 (47.50) 43.0 (48.86) 14.0 (43.75)

ASPECTS

0-7 14.0 (12.96) 11.0 (78.57) 3.0 (21.43) .7551

8-10 94.0 (87.04) 68.0 (72.34) 26.0 (27.66)

Admission NIHSS score

#10 100 (83.33) 79 (89.77) 21 (21.00) .0029

>10 20 (16.67) 9 (45.00) 11 (55.00)

Admission NIHSS score

#13 105 (87.50) 81 (77.14) 24 (22.86) .0246

>13 15 (12.50) 7 (46.67) 8 (53.33)

Days to procedure

#2 56.0 (46.67) 33.0 (58.93) 23.0 (41.07) .0007

>2 64.0 (53.33) 55.0 (85.94) 9.0 (14.06)

Days to procedure

#1 20 (25.00) 18 (60.0) 12 (40.0) .0632

>1 or 2 90 (75.00) 70 (77.78) 20 (22.22)

Days to procedure

1-2 43 (40.19) 28 (65.12) 15 (34.88) .0120

>2 64 (59.81) 55 (85.94) 9 (14.06)

Days to procedure

0 13 (10.83) 5 (38.46) 8 (61.54) .0008

1-2 43 (35.83) 28 (65.12) 15 (34.88)

>2 64 (53.33) 55 (85.94) 9 (14.06)

Hypercholesterolemia

No 8.0 (6.67) 5.0 (62.50) 3.0 (37.50) .4383

Yes 112.0 (93.33) 83.0 (74.11) 29.0 (25.89)

History of MI

No 86.0 (71.43) 63.0 (72.12) 22.0 (25.88) .6965

Yes 35.0 (28.57) 24.0 (70.59) 10.0 (29.41)

Tobacco use

No 35.0 (29.41) 26.0 (74.29) 9.0 (25.71) .7945

Current 39.0 (32.77) 27.0 (69.23) 12.0 (30.77)

Prior 45.0 (37.82) 34.0 (75.56) 11.0 (24.44)

Diabetes mellitus

No 79.0 (65.83) 58.0 (73.42) 21.0 (17.15) .9769

Yes 41.0 (34.17) 30.0 (73.17) 11.0 (26.83)

Renal insufficiency

No 89.0 (74.17) 66.0 (74.16) 23.0 (25.84) .7310

Yes 31.0 (25.83) 22.0 (70.97) 9.0 (29.03)

ASPECTS, Alberta Stroke Program Early CT Score; MI, myocardial infarction; NIHSS, National Institutes of Health Stroke Scale.
Categorical variables are presented as number (%). Continuous variables are presented as mean 6 standard deviation.
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Table II. Demographic statistics of the overall sample and bivariate analysis with associated primary complication

Patients’ data Sample (N ¼ 120)

Primary complication

P valueNone (n ¼ 107) Yes (n ¼ 13)

Sex

Male 82 (68.33) 71.0 (86.59) 11.0 (13.41) .2229

Female 38 (31.67) 36.0 (94.74) 2.0 (5.26)

Age, years 68.3 6 11.18 67.91 6 11.45 72.08 6 8.88 .1982

Age categories

<70 years 63 (52.50) 58 (92.06) 5 (7.94) .3805

$70 years 57 (47.50) 49 (85.96) 8 (14.04)

ASPECTS (n ¼ 105)

0-7 14.0 (12.96) 12.0 (85.71) 2.0 (14.29) .6534

8-10 91.0 (87.04) 84.0 (89.36) 10.0 (10.64)

Admission NIHSS score (n ¼ 117)

#10 100 (83.33) 92 (92.00) 8 (8.00) .0412

>10 20 (16.67) 15 (75.00) 5 (25.00)

Admission NIHSS score

#13 105 (87.50) 96 (91.43) 9 (8.57) .0578

>13 15 (12.50) 11 (73.33) 4 (26.67)

Days to procedure (n ¼ 117)

#2 55.0 (46.22) 46.0 (82.14) 10.0 (17.86) .0361

>2 64.0 (53.78) 61.0 (95.31) 3.0 (4.69)

Days to procedure

#1 30 (25.00) 24 (80.00) 6 (20.00) .0781

>1 or 2 90 (75.00) 83 (92.22) 7 (7.78)

Days to procedure

1-2 43 (40.19) 37 (86.05) 6 (13.95) .1525

>2 64 (59.81) 61 (95.31) 3 (4.69)

Days to procedure

0 13 (10.83) 9 (69.23) 4 (30.77) .0260

1-2 43 (35.83) 37 (86.05) 6 (13.95)

>2 64 (53.33) 61 (95.31) 3 (4.69)

Hypercholesterolemia

No 8.0 (6.67) 7.0 (87.50) 1.0 (12.50) 1.0000

Yes 112.0 (93.33) 100 (89.29) 12.0 (10.71)

History of MI

No 86.0 (71.43) 77 (90.59) 8.0 (9.41) .5157

Yes 34.0 (28.57) 29 (85.29) 5.0 (14.71)

Tobacco use

No 35 (29.41) 29 (82.86) 6.0 (17.14) .2775

Current 39 (32.77) 37 (94.87) 2.0 (5.13)

Prior 45 (37.82) 40.0 (88.89) 5.0 (11.11)

Diabetes mellitus

No 79 (65.83) 69 (87.34) 10 (12.66) .5388

Yes 41 (34.17) 38 (92.68) 3 (7.32)

Renal insufficiency

No 89 (74.17) 77 (86.52) 12 (13.48) .1798

Yes 31 (25.83) 30.0 (96.77) 1.0 (3.23)

ASPECTS, Alberta Stroke Program Early CT Score; MI, myocardial infarction; NIHSS, National Institutes of Health Stroke Scale.
Categorical variables are presented as number (%). Continuous variables are presented as mean 6 standard deviation.

Journal of Vascular Surgery Mihindu et al 1475

Volume 69, Number 5

Author's Personal Copy



Table III. Stroke/death within 30 days of urgent carotid interventions

Count
Age, years,
and sex Procedure

Days to
procedure

Admission
NIHSS score

Discharge
NIHSS score Complication

1 70 M CAS 0 1 2 ICH

2 82 M CEA 2 0 4 Stroke

3 74 F CEA 1 25 5 Contralateral ICH

4 86 M CAS 2 0 1 Stroke

5 82 M CEA 2 0 16 ICH

6 68 M CAS/intracranial thrombectomy 0 12 28 ICH/death

7 61 M CEA 2 3 18 Death

8 65 M CEA 5 8 21 Stroke

9 75 M CAS/intracranial thrombectomy 0 15 21 ICH

10 79 M CEA 1 16 3 Death

11 59 F CAS 4 0 0 ICH

12 75 M CAS 0 27 29 ICH

13 61 M CEA 3 9 10 Stroke

CAS, Carotid artery stenting; CEA, carotid endarterectomy; ICH, intracranial hemorrhage; NIHSS, National Institutes of Health Stroke Scale.

Table IV. Logistic regression analysis for discharge modified Rankin scale (mRS) score $3 (functional dependence)

OR 95% CI P value

Entire cohort (N ¼ 120)

Admission NIHSS score >10 (vs #10) 3.4 1.2-9.6 .024

Days to procedure #2 (vs >2) 3.5 1.4-8.7 .007

Cohort excluding CEA or CAS within 24 hours (n ¼ 107)

Admission NIHSS score >10 (vs #10) 5.6 1.3-25 .022

Days to procedure 1-2 (vs >2) 3.4 1.3-9.1 .014

CAS, Carotid artery stenting; CEA, carotid endarterectomy; CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio
(adjusted).
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strokes (NIHSS score >10) were 3.4 times more likely to
have functional dependence at discharge (mRS score
$3) than patients presenting with minor to moderate
strokes (NIHSS score #10; odds ratio, 3.4; 95% confidence
interval [CI], 1.2-9.6; P ¼ .024; Table IV).
Association between days to procedure, defined as

time between symptom onset and CEA or CAS interven-
tion, and mRS score was also significant in bivariate anal-
ysis (P ¼ .0007). Time from presentation to CEA or CAS,
quantified as days to procedure #2 (n ¼ 56) and >2
(n ¼ 64), was compared with discharge mRS score.
Patients who underwent CEA or CAS at #2 days after
an acute symptom onset were 3.5 times more likely to
be discharged with functional dependence (mRS score
$3) than when CEA or CAS was performed after the first
2 days (odds ratio, 3.5; 95% CI, 1.4-8.7; P ¼ .007; Table IV).
When admission NIHSS score is divided into #10 and

>10, there is an association with NIHSS score and a pri-
mary complication (P ¼ .041; Table II). Logistic regression
demonstrated that the odds of having a primary compli-
cation are 2.7 times more likely for patients presenting
with an admission NIHSS score >10 than for patients
with an admission NIHSS score #10, but this did not
prove statistically significant (data not shown). Similarly,
there was an association on bivariate analysis between
days to procedure (#2 and >2) and primary complication
(P ¼ .036; Table II). Logistic regression demonstrated that
the odds of having a primary complication were 3.6
times more likely for patients who undergo an urgent
carotid intervention within 2 days than for patients who
undergo the intervention >2 days, but this also was not
significant.
To create a more homogeneous population for analysis,

we then omitted emergent carotid interventions, which
included any intervention done within 24 hours for
unstable neurologic symptoms, such as crescendo TIA
and stroke in evolution. This emergent group also
excluded a combined procedure between vascular
surgery and neurointerventional radiology done for an
acute internal carotid occlusion with embolization into
the middle and anterior cerebral arteries as well as a
carotid embolectomy. Removal of these patients from
the cohort left two groups for analysis: patients undergo-
ing interventions 1 to 2 days after presentation (n ¼ 43)
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and those undergoing intervention >2 days after presen-
tation (n ¼ 64). Within this subset, bivariate analysis
showed that discharge mRS score correlates with time
to procedure (days 1 to 2 compared with >2 days; P ¼
.012). Logistic regression analysis demonstrated the
odds of having a discharge mRS score $3 were 3.4 times
more likely for patients with a procedure performed at
1 to 2 days compared with >2 days (3.4; 95% CI, 1.3-9.1;
P ¼ .014), again emphasizing the importance of waiting
>48 hours after a TIA or stroke. Admission NIHSS score
in this cohort that excluded unstable neurologic symp-
toms also demonstrated that patients with an admission
NIHSS score >10 are 5.6 times more likely to be function-
ally dependent on discharge (mRS score $3) compared
with patients with an admission NIHSS score #10 (95%
CI, 1.3-25; P ¼ .022; Table IV).
We then excluded patients presenting with TIAs (n ¼ 16)

to evaluate whether the significance of functional
outcome remained the same with a stroke-only cohort.
When TIA presentation (n ¼ 16) was removed, 104
patients with stroke remained; 84 (81%) of the 104
patients presented with NIHSS score #10, of whom 20
(24%) were discharged with mRS score $3 and 64
(76%) were discharged with mRS score #2. Of the 20
(19%) patients presenting with NIHSS score >10, there
were 11 (55%) patients discharged with an mRS score
$3 and 9 (45%) with an mRS score #2. Hence, even
with removal of the TIA patients from the cohort, there
remained a statistically significant association on bivar-
iate analysis between admission NIHSS score and mRS
score on discharge (P ¼ .0082; data not shown).
Lastly, we sought to determine whether ASPECTS is

similarly predictive of outcomes of urgent extracranial
carotid interventions as has been found for intracranial
thrombectomy for acute strokes.13 To do this, we calcu-
lated the ASPECTS for all available admission head CT
scans (n ¼ 108/120). Of the ASPECTS calculated, 14
patients (13%) had ASPECTS of #7; 94 patients (87%)
had ASPECTS of 8 to 10. However, bivariate analysis
based on discharge mRS score and primary complica-
tions did not demonstrate an association with ASPECTS
(P ¼ .76 and P ¼ .65, respectively).

DISCUSSION
Our data highlight two important clinical aspects for

decision-making in urgent carotid interventions. The
timing anddegree of presenting stroke severity are associ-
ated with functional dependence on hospital discharge.
First, we demonstrate that urgent carotid interventions

in patients with moderate to severe strokes (NIHSS score
>10) before 48 hours are associated with neurologic
functional dependence (mRS score $3) on hospital
discharge. Conversely, when these factors are considered
in this high-risk group of patients, urgent carotid inter-
ventions can be performed safely and with good neuro-
logic functional outcomes in patients with minor stroke
(NIHSS score #10) and after 48 hours. This group of
patients treated medically are at high risk for recurrence.
A pooled analysis by Johansson et al14 demonstrated an
ipsilateral recurrent ischemic stroke or retinal artery
occlusion while awaiting revascularization of 2.7% at
1 day, 5.3% at 3 days, and 11.5% at 14 days.
Much clinical research has been done correlating endo-

vascular mechanical thrombectomy for intracranial
thrombosis, demonstrating improvement in outcome
by mRS score. However, few data have demonstrated a
correlation between urgent extracranial interventions
and improved outcome.6,15,16 We demonstrate that
urgent carotid interventions in patients presenting with
acute ischemic neurologic events can be performed
with less risk after 48 hours from presentation compared
with before 48 hours. Within our cohort of 120 patients,
77% of the complications occurred when the carotid
intervention was performed within the first 2 days of hos-
pitalization (n ¼ 10/13), and as expected, these patients
were three times more likely to have functional depen-
dence (mRS score $3) at discharge. Timing of carotid
intervention has been well described by Strömberg et al,17

who determined that CEA in patients treated for symp-
tomatic carotid disease within days 0 to 2 had increased
periprocedural risk. This study retrospectively reviewed
the Swedish Vascular Registry for patients who under-
went CEAs for symptomatic carotid stenosis. Of the
2596 patients, the combined mortality and stroke rate
for patients treated in 0 to 2 days was 11.5% vs 3.6% in pa-
tients treated within 3 to 7 days. Similarly, Nordanstig et al18

performed a prospective study comparing procedural
risk of CEA performed within 48 hours and after 48 hours
of an ipsilateral ischemic neurologic event. During a
5-year period, a total of 418 patients were included,
with 75 patients operated on within 48 hours. The com-
bined mortality and stroke rate for patients operated
on within 48 hours was 10.9% vs 3% for the group treated
48 hours to 14 days after the acute neurologic event.
Loftus et al2 performed a retrospective review of a United
Kingdom registry data set from 2009 to 2014 to include a
total of 23,235 patients. During this time, the authors
found that CEA within 48 hours of symptom onset was
associated with an increase in 30-day stroke and death
rate of 3.1% (0-2 days) compared with 2% (3-87 days).
This lower reported rate of complications should be
taken with caution, given that this is a registry data set,
which may be undercapturing complications.
To eliminate the potential bias of emergent carotid

interventions, we removed the same-day carotid inter-
ventions and re-evaluated our data. This reanalysis again
demonstrated improved outcomes in patients undergo-
ing CEA or CAS after day 2 of the presenting event. The
odds of being functionally dependent on discharge
(mRS score $3) was three times more likely in patients
undergoing procedures at 1 to 2 days of the inciting
neurologic event compared with procedures at >2 days
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(Table IV). None of the patients who underwent carotid
interventions at >2 days were discharged with an mRS
score of 6 (death). Nine (14% [n ¼ 9/64]) of the patients
who underwent carotid interventions at >2 days were
discharged with mRS score of 3 to 5 (functional depen-
dence; Fig, A). By contrast, in patients undergoing CEA
or CAS within #2 days, 5% (n ¼ 3/56) and 36% (n ¼ 20/
56) were discharged with mRS scores of 6 and 3 to 5,
respectively. Eighty-five percent (n ¼ 55/64) of the
patients who underwent CEA or CAS at >2 days were
discharged functionally independent (mRS score #2),
whereas only 59% (n ¼ 33/56) of patients who underwent
procedures #2 days were discharged with functional
independence (Fig, B). These results further highlight
the safety of waiting >48 hours before an urgent carotid
intervention in patients with a stroke.
Second, our data demonstrate that patients presenting

with moderate to severe strokes (NIHSS score >10) have
poor functional outcomes when undergoing urgent
carotid interventions. Patients presenting with NIHSS
score >10 are 3.4 times more likely to be functionally
dependent on discharge (mRS score $3; Table IV). CEA
to prevent recurrent stroke in acute mild to moderate
strokes has been studied by Capoccia et al19 in a prospec-
tive study of 62 patients. These patients were divided into
two groups with presenting NIHSS scores of 4 to 7 and
$8; inclusion criteria required an admission NIHSS
score <22. Patients with NIHSS score $8 had a larger
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NIHSS score reduction on discharge (4.03 6 3.7)
compared with patients presenting with an NIHSS score
of 4 to 7 (1.3 6 1.7). Although such a study demonstrates
an improvement of neurologic status, it does not
comment on functional outcome. In our cohort, patients
with an admission NIHSS score #10 demonstrated a rate
of 20% (n ¼ 20/100) of functional dependence (mRS
score $3) on discharge. In contrast, 55% (n ¼ 11/20) of
the patients admitted with an NIHSS score >10 were
discharged with functional dependence (Fig, B).
CAS has been demonstrated by some groups to have

acceptable results to CEA with early intervention in
patients with mild to moderate stroke.20,21 In our cohort,
however, there was a high complication rate associated
with CAS. Of the total 22 CAS procedures performed,
27% (6/22) of the patients had a primary complication.
An unadjusted logistic regression demonstrated a
4.7-fold higher risk of complication with CAS than with
CEA (95% CI, 1.4-16). This may be due to patient selection;
patients undergoing CAS either were simultaneously
undergoing intracranial thrombectomy or were deter-
mined to not be candidates for CEA and thus at higher
medical risk. Our cohort included CAS procedures that
were performed by neurointerventionalists (n ¼ 11) as
well as one CAS performed by an interventional cardiol-
ogist. Treatment of concomitant intracranial lesions
may have also contributed to heterogeneity of the cohort
as well as altering the overall morbidity and mortality.
One concerning observation from this cohort is the

high incidence (6% [7/120]) of ICH after CEA or CAS.
Most of these patients experienced postoperative hyper-
tension, especially in the CAS group, likely contributing
to this hemorrhagic stroke conversion. As patients under-
going CAS had a higher rate (23% [5/22]) compared with
patients undergoing CEA (2% [2/96]), this highlights the
critical importance of strict blood pressure control perio-
peratively. Indeed, we have adopted such a protocol and
now routinely administer a nicardipine infusion in the
immediate perioperative and postoperative period,
aiming to keep systolic blood pressure <140 mm Hg to
help reduce the incidence of cerebral hyperperfusion.
We also examined the correlation between ASPECTS

and functional outcome because this has been reported
after intracranial thrombectomy for acute stroke.22 Func-
tional outcome using ASPECTS has been well estab-
lished in intracranial thrombectomy data.12,13,23 Hill et al
demonstrated that patients with a preoperative
ASPECTS of 8 to 10 had a twofold or greater chance of
a functionally independent outcome. Likewise, Aviv et al13

demonstrated that patients with ASPECTS <8 did not
achieve a good clinical outcome with a 90-day mRS
score or with neurologic improvement. We examined
ASPECTS with the hope of establishing another preoper-
ative predictor of outcome; however, our data did not
show an association with ASPECTS and discharge func-
tional outcome or with primary complication rate. We
found no relationship with ASPECTS and outcome in
extracranial carotid urgent interventions.
Our study is limited by its retrospective design. Our

cohort is moderate in size and limited by its lack of
randomization as demonstrated by interventions for
patients with minor and severe strokes (NIHSS score
#10, n ¼ 100; NIHSS score >10, n ¼ 20). This study is based
on 30-day outcomes of patients undergoing urgent
carotid interventions in a regional transfer center encom-
passing >40 referring hospitals and emergency depart-
ments. As such, intermediate follow-up for these
patients was unreliable, and we are unable to gather
enough data beyond 30 days. Future randomized
controlled studies could elucidate predictors of func-
tional outcome with urgent carotid interventions.

CONCLUSIONS
We demonstrate that urgent carotid interventions (CEA

and CAS) performed in patients with moderate or severe
strokes (NIHSS score >10) and procedures performed
before 48 hours are associated with functional depen-
dence (mRS score $3) on hospital discharge. By demon-
strating a clear correlation between admission NIHSS
score and interval time to procedure with independent
neurologic functional outcomes, we aimed to clarify clin-
ical decision-making for patients presenting with acutely
symptomatic carotid lesions.
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stroke database, Drs Mustafa Alhasan and James Milburn
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scores, and Dr Matthew Jordan for assistance with the
graphical representation of the data.
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DISCUSSION
Ali F. AbuRahma (Charleston, WVa). The Ochsner group
presents to us this study on the correlation between the
severity of neurologic deficits and the timing of carotid
intervention, either carotid endarterectomy (CEA) or
carotid artery stenting (CAS), to functional recovery of
these patients. This analysis is important because it
covers a relatively common clinical vascular practice.
They analyzed 120 urgent carotid interventions and

found that patients presenting with larger strokes, that
is, National Institutes of Health Stroke Scale (NIHSS)
score >10, were four times more likely to have functional
dependence, as defined by the modified Rankin scale
(mRS) score, at discharge than patients presenting with
minor or moderate strokes (NIHSS score #10). They also
found that patients undergoing urgent carotid
intervention after 48 hours were associated with an
improved discharge mRS score compared with those
undergoing carotid intervention in the first 48 hours.
A few studies have addressed this issue in past several
years, with conflicting results.
I have a few questions for you.

1 Although you included data on the Alberta Stroke
Program Early CT Score (ASPECTS) $8 and <7 to
predict good or poor functional outcome, respec-
tively, were you able to check the actual size of
the infarct (eg, <2 cm vs >2 cm), and if so, did
you find a similar outcome?

2 A total of 22 CAS procedures were performed, and
you found that primary complications were signifi-
cantly higher in this group of patients. Did you
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analyze these CAS procedures and outcomes
according to those done in <2 days and those
done after 2 days or in regard to the size of the
infarct? In a previous work by Ross Naylor and me
in the TransAtlantic debate during the past year,
which was published in the Journal of Vascular
Surgery and the European Journal of Vascular
and Endovascular Surgery, we concluded that
CAS has a worse outcome than CEA in urgent inter-
vention in these patients. Were your findings
similar?

3 Because your findings showed a better outcome
for patients who had an intervention beyond
48 hours and <2 weeks, did you separate the
data according to <1 week vs $1 to 2 weeks, since
most of us advocate intervention within 1 to
2 weeks? Would this have made a difference?

I thoroughly enjoyed reading your manuscript and
I also enjoyed your presentation. I want to thank you
and your group for sending this manuscript to me well
in advance.
Dr Esther Mihindu. Thank you for your questions. This

study correlates presenting stroke severity of patients un-
dergoing urgent CEA or CAS (defined by NIHSS score)
with neurologic outcome on discharge (using mRS
score). We elected to look at ASPECTS because recent
intracranial thrombectomy trials (eg, Highly Effective
Reperfusion evaluated in Multiple Endovascular Stroke
[HERMES] trial) clearly showed a direct relation with
an ASPECTS >8 with improved functional outcome in
those patients. We had a total of only 106 patients
who presented with a reviewable computed tomogra-
phy scan; the remainder were transfers. Of these, 14
patients had an ASPECTS ratio of #7. Our analysis did
not demonstrate any correlation between ASPECTS
and functional outcome. We did not specifically quan-
tify size of stroke with respect to volume, but that is a
good point for further study.
With regard to your question about CAS vs CEA, we did

not divide the subgroups specifically to do analysis just
based on the number of the CAS procedures in propor-
tion to CEAs, but our data are worse for CAS. The CAS
group had a 27% complication rate vs 7% for CEA in
our cohort.
In regard to timing of interventions, most of our proced-

ures were done within 7 days; 114 of the 120 interventions
were performed within the first 7 days. We had only three
procedures that were done at day 7 and only three
procedures that were performed at >7 days, and these
numbers were insufficient for data analysis.
Our data demonstrate a clear correlation between

admission NIHSS score and interval time to procedure
as >48 hours with improved independent functional
outcomes as defined by mRS score.
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