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Abstract

Background—The benefit of carotid endarterectomy(CEA) is heavily influenced by the risk of
perioperative death or stroke. This study developed a multivariable model predicting the risk of death
or stroke within 30 days of CEA.

Methods—The New York Carotid Artery Surgery (NYCAS) Study is a population-based cohort
of 9308 CEAs performed on Medicare patients from January 1998 through June 1999 in New York
State. Detailed clinical data were abstracted from medical charts to assess sociodemographic,
neurological, and comorbidity risk factors. Deaths and strokes within 30 days of surgery were
confirmed by physician over-reading. Multivariable logistic regression was used to identify
independent patient risk factors.
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Results—The 30-day rate of death or stroke was 2.71% among asymptomatic patients with no
history of stroke/TIA, 4.06% among asymptomatic ones with a distant history of stroke/TIA, 5.62%
among those operated on for carotid TIA, 7.89% of those with stroke, and 13.33% in those with
crescendo TIA/stroke-in-evolution. Significant multivariable predictors of death or stroke included:
age >80 years(OR=1.30; 95% ClI, 1.03-1.64), non-white(OR=1.83; 1.23-2.72), admission from the
ED(OR=1.95; 1.50-2.54), asymptomatic but distant history of stroke/TIA (OR=1.40; 1.02-1.94), TIA
as indication for surgery(OR=1.81; 1.39-2.36), stroke as the indication(OR=2.40; 1.74-3.31),
crescendo TI1A/stroke-in-evolution(OR=3.61; 1.15-11.28), contralateral carotid stenosis >50%
(OR=1.44; 1.15-1.79), severe disability(OR=2.94; 1.91-4.50), coronary artery disease(OR=1.51;
1.20-1.91), and diabetes on insulin(OR=1.55; 1.10-2.18). Presence of a deep carotid ulcer was of
borderline significance (OR=2.08; 0.93-4.68).

Conclusions—Several sociodemographic, neurological, and comorbidity risk factors predicted
perioperative death or stroke after CEA. This information may help inform decisions about
appropriate patient selection and facilitate comparisons of risk-adjusted outcomes among providers
or about the impact of different surgical processes of care.
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Introduction

Carotid endarterectomy (CEA) is one of the most common types of vascular surgery performed
in the U.S. with over 117,000 cases done annually.! Several large, multinational randomized
controlled trials (RCTs) have shown that for among carefully selected patients by experienced
surgeons, CEA plus medical therapy reduced the risk of stroke and death compared to existing
medical therapy alone.2™> The RCTSs, and the national CEA subspecialty guidelines based on
them, stress that the expected benefit of surgery for an individual patient is critically dependent
on his or her risk of perioperative death or stroke.3: 6.

New endovascular procedures for treating internal carotid artery stenosis with angioplasty and
stenting techniques are growing in popularity and have generated much controversy. Although
the results of RCTs comparing stenting to carotid surgery are mixed,® and the appropriate role
for stenting is uncertain, stenting is promoted as an option for patients who are deemed “high
risk” or “too old” or “too sick” to safely undergo CEA.

Taken together, this underscores the need for empirically-validated data on risk factors for
perioperative death or stroke after CEA. The validity and usefulness of most prior studies of
predictors of adverse events after CEA has been limited by their focus on: single risk factors,
single institutions,14, lack of multivariate analyses,14-18 in-hospital complications,1% 16,
19-21 yncertainty about the clinical indications for surgery in many patients,22 or the highly
selected patients and surgeons who participated in RCTs23-27 or were treated in veterans
hospitals.28: 22 The generalizability of the risk factors identified in the North American RCTs
is limited by their exclusion of patients >80 years old or those with major comorbid conditions.
3,30 These “older and sicker’ patients comprise a significant proportion of the CEAs done in
the US.5: 22,31, 32 Muylticenter studies of CEA in community practice that did use multivariable
techniques to identify predictors of perioperative complications point to a mixed and
inconsistent set of sociodemographic, neurological, and comorbidity risk factors.5 22: 28,
33-39 No prior population-based studies have had the very large numbers of symptomatic and
asymptomatic patients and detailed clinical data on neurological indications for CEA and
severity of carotid disease to have the granularity and statistical power to permit in-depth
investigation of a large number of clinically important prognostic factors.
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This study sought to use clinically detailed data from the New York Carotid Artery Surgery
Study (NYCAS), a large, population-based cohort study of CEA outcomes, to develop a
multivariable model predicting the risk of death and stroke within 30 days of CEA based on a
combination of sociodemographic, neurological acuity, carotid disease severity, and comorbid
illness burden patient characteristics. We were particularly interested in examining how the
presence, timing and acuity of neurological symptoms, severity of carotid disease, and
neurological disability, influenced perioperative outcomes.

Study Population

The New York Carotid Artery Surgery (NYCAS) study examined all Medicare beneficiaries
who underwent CEA between January 1, 1998 and June 30, 1999 in New York (NY) State.
Details of the cohort assembly have been published previously.32 Briefly, eligible cases (ICD-9
code 38.12) with Medicare fee-for-service insurance were identified using Medicare Part A
hospital claims. Medicare managed care cases that had CEA were identified with an algorithm
that used the N state hospital discharge database, age (>65 years), and the Medicare eligibility
files. Copies of the inpatient medical records were requested by Island Peer Review
Organization (IPRO--the Medicare quality improvement organization in NY). The study was
approved by the Mount Sinai Institutional Review Board.

We reviewed the medical charts of 10,817 of 11,406 potentially eligible cases (94.8%). Of
these, we excluded: cases with no CEA performed (110), same side operations for restenosis
(308), CEA combined with other major procedures (490), and cases without complete clinical
risk factor data (601). The results reported are based on 9308 cases.

Data Collection and Measurement

Detailed clinical information was abstracted from hospital charts by trained nurse abstractors
including: sociodemographics, admission source, neurological, medical and surgical history,
admission neurologic exam, functional status, laboratory values, medications, and diagnostic
imaging test results. We collected data on numerous individual comorbid conditions, as well
as calculate the Revised Cardiac Risk Index#? and Charlson comorbidity scores.?! Severe
disability was defined as bedridden or unable to walk/attend bodily needs without assistance
(modified Rankin score of 4 or 5). The indication for surgery was based on the acuity of the
presenting neurologic symptoms in the 12 months prior to surgery, according to the following
hierarchy (stroke-in-evolution, crescendo TIA, stroke, carotid TIA, and asymptomatic).
Patients without neurologic symptoms referable to a carotid artery distribution in the 12 months
prior to surgery were defined as asymptomatic. Crescendo TI1As were defined as > 3 TIAs
within 3 days of surgery and stroke-in-evolution was defined as a stroke with progressing or
fluctuating neurologic deficits over 1 or 2 days. Patients with crescendo TIAS and stroke-in-
evolution had similarly high risks of complications and were combined into a group called
“acute syndromes.”

Data on the percent stenosis of the operated and non-operated internal carotid artery and
presence of a deep carotid lesion ulcer was abstracted by research nurses from all available
diagnostic imaging tests. Carotid angiography was considered to be the most accurate test
followed by Doppler ultrasound, and then magnetic resonance angiography. For the small
number of cases where no imaging test was available, we used stenosis information from
preoperative notes. Abstractors passed quality assurance tests and inter-rater reliability was
very high (Kappas from 0.60 to 1.0).
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Information about perioperative deaths, strokes and TIAs (as potentially misclassified strokes)
was abstracted from the medical record of the index admission and all readmissions within 30
days of surgery including review of admission and progress notes, discharge summaries, and
brain imaging reports. Cases identified by the research nurses as having a death, stroke, or TIA
were independently reviewed and confirmed by two study physicians (including a neurologist).
Initial agreement was 95%, and disagreements resolved by consensus.

Analysis Plan

Results

There were two primary adverse outcomes: 1) Death or non-fatal stroke within 30 days of
surgery, and 2) all strokes within 30 days of surgery (fatal and non-fatal). The relationship
between outcomes and each risk factor (indications for surgery, recency of symptoms, disease
severity, sociodemographics, admission source, and comorbidity) was examined with chi
square tests and Cochrane-Mantel-Haenzel tests for trend for categorical variables and t-tests
and Wilcoxon rank sum tests for continuous data, as appropriate. We examined the impact of
the severity and acuity of cerebrovascular disease in several ways. Among symptomatic
patients, we examined the impact of the recency of carotid symptoms based cut-points from
the literature and on our national expert panel.3132: 42 We also assessed the influence of the
severity of the neurologic event triggering surgery (TIA, stroke, or acute syndromes). Among
patients who the trials and guidelines consider asymptomatic (those with no stroke or TIA in
the year prior to surgery), we assessed whether complications were higher among those with
a distant past history of stroke or TIA (events more than 1 year prior to CEA) compared to
asymptomatic patients with no history of cerebrovascular disease.

Age was examined as a continuous variable and by age intervals. For the multivariate analyses,
age was dichotomized as >80 v. <80 years since there appeared to be a threshold effect and the
main CEA RCTs excluded patients >80 years old. Non-whites refers to Blacks and Hispanics.
Patients with “unknown” or “other” race/ethnicity had similar complication rates with Whites
and were combined with them. Secondary analyses that excluded patients with “unknown or
other” race produced similar results. For multilevel variables, we combined those with similar
complication rates in the multivariable analysis. All risk factors significant at the p < 0.2 level
were entered in a multivariable, logistic regression model. The primary outcome was combined
30-day risk of death and non-fatal stroke. Rates of all perioperative strokes (fatal or non-fatal)
were the secondary outcome. We used generalized estimating equations to account for
clustering of cases among surgeons and hospitals. All analyses consider two-sided p values
of .05 as statistically significant and were performed using SAS statistical software version 9.1
(SAS Institute, Cary, North Carolina).

Patient Characteristics

Characteristics of the 9308 CEAs performed in NY State during the study period are shown in
Tables 1 and 2. The mean age was 74.6 + 6.8 years (range 40-98), and 44.3% were women.
Most patients had hypertension, coronary artery disease, and multiple comorbid conditions
(median 2 comorbidities). With respect to the neurological indications for surgery, 71.5% of
patients were asymptomatic, 18.9% had a carotid TIA, 9.3% strokes, and 0.3% an acute
syndrome. Nearly all patients (95.4%) were operated on for high grade carotid stenosis (70%
to 99%)—a finding consistent among symptomatic and asymptomatic cases. The CEAs were
performed by 482 surgeons in 167 hospitals.
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Univariate Associations Between Neurological Indication for CEA and Outcomes

Within the 30 days of surgery, there were 106 deaths (1.14%) and 305 (3.28%) strokes. The
combined rate of perioperative death or non-fatal stroke was 3.99%. Table 2 shows the
associations between the neurological indication for surgery and adverse outcomes. The 30-
day rate of death or stroke among asymptomatic patients was 3.01% compared to 6.44% for
symptomatic ones (p<.0001; Odds Ratio for symptomatic {OR}=2.22; 95% CI 1.80-2.74).

Among asymptomatic patients, those with distant history of stroke/TIA (>1 year before
surgery) had higher risks of combined death or stroke (and any stroke) compared to those with
no history of cerebrovascular disease (4.06% v. 2.71%, p<.007; Table 2). Defining
asymptomatic patients with no history of cerebrovascular disease as the lowest risk reference
group, asymptomatic patients with a distant history of stroke/TIA had 50% higher odds of
death or stroke (OR=1.52; CI, 1.11-2.07), those operated on for carotid TIAs had double the
risk (OR=2.14; Cl, 1.64-2.78), those operated on for stroke triple the risk (OR=3.07; Cl,
2.28-4.14), and those with acute syndromes five-fold greater risk (OR=5.52; CI, 1.90-16.03).
Neurological acuity had a similar, statistically significant impact on the risk of stroke alone
(data not shown).

Among symptomatic patients, those with stroke as the indication for surgery had a higher risk
of complication compared to those with TIA (7.89% v. 5.62%; p<.02; OR=1.44, Cl, 1.04-1.98).
Among patients operated on for stroke, those with major strokes had over double the odds of
death or stroke compared to those with minor stroke (14.58% v. 6.54%; OR=2.44; CI:
1.41-4.22, P<.001).

Among patients with TIA or minor stroke, death and stroke (but not any stroke) was more
common among those with more recent carotid symptoms (p<.05 for trend, Table 2). There
appeared to a threshold effect whereby operating within 2 weeks of TIA or minor stroke
increased risk of death or stroke compared to > 2 weeks (7.14% v. 5.13%, p=.04). Rates of any
stroke for patients operated on within 2 weeks of TIA/minor stroke were not statistically greater
(5.53% v. 4.40%, p=.2). For those with major stroke, there was no significant impact of timing
of surgery (< 2 or < 6 weeks) on major complications.

Univariate Associations Between Other Patient Factors and Outcomes

Patients 80 years or older had significantly higher rates of death or stroke (4.82% v. 3.73%,
p<.02). There was no simple linear association between age (or deciles of age) and outcomes.
Women had marginally higher rates of death and stroke (4.29% v. 3.74%) though these
differences were not statistically significant (p=.18). The degree of stenosis of the operated
carotid artery was not related to the risk of complications, however, the presence of a deep
carotid ulcer did increase the risk of death or stroke (8.05% v. 3.91%, p<.01). Those with >
50% stenosis of the contralateral carotid artery had higher rates of death or stroke (5.0% v.
3.37%, p<.0001). Other factors associated with significantly higher risk of complications
included: Non-White race, being admitted from the Emergency Department (ED), transfer from
another facility, severe neurologic disability, Revised Cardiac Risk Index, Charlson
comorbidity score, coronary artery disease, valvular heart disease, atrial fibrillation, congestive
heart failure, cerebrovascular disease, renal insufficiency, and diabetes.

Multivariable Predictors of Perioperative Outcomes

Table 3 displays the risk factors found by multivariable regression to be independent predictors
of complications. The risk of death or stroke rose with increasing neurological severity: distant
cerebrovascular disease (OR=1.38), TIA as the indication for CEA (OR=1.78), stroke as the
indication (OR=2.34) and acute syndromes as reasons for surgery (OR=3.51). Several of other
indicators of severity of carotid and neurological disease (contralateral stenosis > 50%,
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admitted from the ED, and severe disability) also increased the risk of adverse outcomes. The
presence of a deep carotid ulcer was marginally associated with greater odds of adverse events
(OR=2.08; Cl, 0.93-4.68, p<.07). The wide confidence intervals here may be related to the
rarity of deep ulcers as a risk factor (<1% of cases). Two sociodemographic factors (age > 80
years and Non-White) and two comorbid illness factors also independently increased the odds
of death and stroke (coronary artery disease and diabetes requiring insulin). In alternate
multivariable models, the presence of diabetes (independent of type of drug therapy) was also
a significant predictor of adverse events (OR=1.28, Cl: 1.03-1.60), though it was not as strong
a prognostic factor as having diabetes treated with insulin. Risk factors for perioperative stroke
alone were similar and included: Non-White, admitted from the ED, neurological acuity,
contralateral stenosis > 50%, severe disability, and coronary artery disease. Checking analyses
that controlled for surgeon volume did not alter the patient risk factor model presented in Table
3.

Discussion

We used data from the statewide NYCAS cohort study of 9,308 CEAs performed by 482
surgeons in 167 hospitals to identify independent patient risk factors for death and stroke within
30 days of surgery. NYCAS is the largest, clinically detailed, population-based study of CEA
outcomes and risk factors in community practice. Among the 25 potential patient factors that
were examined, we identified four domains of variables that were independently associated
with higher risk of perioperative death and stroke, several of which represent prognostic factors
that have not previously been assessed or reported.

We were able to use the large NYCAS dataset to stratify patients into several distinct
neurological acuity subgroups which represent new findings. Most prior work focused on
differences in complications between patients operated for symptomatic v. asymptomatic
carotid disease. Our results confirm the well-documented finding that symptomatic patients
have twice the risk of perioperative death or stroke compared to asymptomatic ones.b: 7 18,
35 While prior studies and the national guidelines largely consider asymptomatic patients as a
homogenous low risk group, this study shows that asymptomatic patients with a history of
distant cerebrovascular disease (stroke or TIA or stroke >1 year prior to surgery) have one-
third higher risk adjusted complication rates compared to patients with no history of stroke or
TIA. This is important because three-quarters of CEAs in the US are done in asymptomatic
patients, and these patients have less to gain from surgery.32:43: 44

Among symptomatic patients, stroke as the indication for surgery (compared to TIA) has also
been identified in some,33: 35 36, 39 hyt not all?2 24 18 prior investigations. Some of the
heterogeneity in the literature appears influenced by whether ocular TIAs (low risk) are lumped
together with cerebral TIAs or not.18: 27 Unfortunately, we were not able to distinguish ocular
from hemispheric TIAs in our dataset. The current study expands this work by identifying three
distinct prognostic subgroups among symptomatic patients who have a stepwise increase in
the risk of complications—those operated on for TIA, stroke, and the acute syndromes
(crescendo TIA or stroke-in-evolution). This also confirms the finding of a systematic review
which combined data from 10 studies and concluded that patients with crescendo TIA and
stroke-in-evolution constitute a very high risk group.18 The NYCAS study had nearly as many
of these unusual cases as were present in all of these 10 studies combined.

Our multivariable model also highlighted two other poor prognostic factors (admission from
the ED and severe disability) that are additional measures of neurological acuity. Admission
from the ED was a poor prognostic factor even after stratifying for recent carotid symptoms
so this factor may capture ways in which patients admitted from the ED may differ in other
ways regarding subtle differences in neurologic severity, trajectory of symptoms, or comorbid
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illness burden, among other possible factors. Severe disability probably represents substantial
loss of brain function due to a large territory major stroke. Patients who had severe disability
had triple the complication risk (13.08% rate of death or stroke) confirming the
recommendations of our national expert panel who felt that such patients were inappropriate
candidates for CEA because the harms of surgery outweighed the benefits.3!

We also identified two anatomic risk factors. Patients with 50% to 99% stenosis of the
contralateral internal carotid artery (significant, but non-occluded disease on the non-operated
side) had 44% greater risk-adjusted complication rates probably due to diminished collateral
blood flow capacity. Most prior work focuses on the impact of total contralateral occlusion,
11, 13, 24, 45 though we have previously reported worse outcomes with 50-99% contralateral
stenosis in other patient populations.18: 20, 39 \We are uncertain about what to conclude from
the trend towards double the risk of adverse events among patients with deep carotid artery
ulcers. The borderline finding (p=.07) is likely due to its rarity as a risk factor. Ulcerated plaques
of any severity increased the risk of complications in NASCET,24 was of borderline
significance in ECST,23 and was not a risk factor Academic Medical Center Consortium
observational study.38

NYCAS provided a unique opportunity to evaluate the impact of advanced age on outcomes
because the mean age was 75 years. In NYCAS, patients >80 years old had one-third higher
risk-adjusted odds of death or stroke confirming the results a prior registry2 and VA study.
29While many studies examined age >80 years as a univariate risk factor, the literature is mixed
on this topic*® and interpretation limited by lack of formal multivariable analyses in most cases.
14, 46 Additionally, most of the RCTs excluded patients older than 80 years (as well as those
with major comorbidities) because of concerns about higher risk and more limited life
expectancy. The RCTs of CEA v. carotid stenting reported much higher risk of perioperative
complications in patients >80 years old.> 47 Taken together, this suggests that octogenarians
comprise a high risk group for whom the benefits of any carotid revascularization (CEA or
stenting) may be greatly diminished compared to their younger counterparts.

Our finding that coronary artery disease and diabetes increases the risk of complications was
expected and consistent with the prior literature on CEA, as well as the larger cardiac risk
assessment literature.*® That diabetes requiring insulin was a more robust prognostic variable
(compared to any type of diabetes) is a novel finding, though one that makes sense clinically
as a marker of more severe diabetes and vascular disease burden.

The fact that Black and Hispanic patients had worse outcomes even after adjusting for age,
neurologic and comorbidity factors was unexpected and the reasons for such potential
disparities in surgical outcomes should be the subject of further investigations. The few

previous studies that examined racial and ethnic disparities in CEA outcomes found conflicting
results.12:19, 21, 28

It is worth noting that we did not find differences in results by gender, degree of ipsilateral
stenosis, history of heart failure or atrial fibrillation, among other characteristics that have
sometimes found to be risk factors in other studies.*® 46 These differences may be due to
variations in the type of study samples or use of multivariable techniques.

Several strengths and limitations are worth noting. NYCAS is the largest, most clinically
detailed, population-based study of CEA outcomes in unselected, community practice. The
very large number of cases enabled us to examine the independent impact of over 25 potential
sociodemographic, neurological, and comorbidity risk factors among both symptomatic and
asymptomatic patients. All data were based on detailed independent chart review, and we
ascertained deaths and strokes within 30 days of surgery (not just those that occurred during
the index hospitalization).
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However, like all observational cohort studies, we relied on information on risk factors and
complications documented in the medical records during usual practice. There was no standard
approach to pre- or post-surgical assessment as could have done in a prospective trial. That
said, we had access to the full complement of inpatient notes, diagnostic imaging results, and
operative reports, and all deaths and strokes were confirmed by physician over-reading. While
the data reflects practice in 1998-1999, operative techniques and perioperative management
for CEA have been consistent over the intervening period, and there is no reason to believe
that association between risk factors and outcomes would change considerably over time.
Finally, just because certain subgroups had higher risks of adverse events after CEA does not
mean that such patients should not have surgery. Whether patients with risk factors we
identified as increasing the short term risk of death or stroke due to surgery would also be at
higher long term risk of death or stroke if they were managed with medical therapy alone is
unknown. The decision to have surgery must balance benefits and harms.

These results have several practical implications. From a clinical standpoint, information about
risk factors should help referring physicians, neurologists, surgeons, and anesthesiologists
better weigh the risks and benefits of CEA for an individual patient. This prognostic
information may also help identify those who might be considered potential candidates for
carotid stenting because they are too high risk from CEA. From a research and quality
improvement perspective, there is a need for CEA-specific risk-adjustment models so that
outcomes among different patients and providers can be fairly compared. Similarly, since RCTs
of various surgical and anesthesia techniques are rarely undertaken, observational data are often
used to highlight processes of care associated with better outcomes—something that requires
appropriate risk-adjustment. CEA-specific risk models appear to be superior to the standard
generic cardiac risk assessment tools.*8 Finally, most of the prognostic factors we identified
(indication for surgery, contralateral stenosis, neurologic disability, and diabetes on insulin)
are only knowable from the medical record. This has implications for risk adjustment models
and surgical audit studies based solely on hospital discharge databases.

Acknowledgments

The authors acknowledge the assistance of the Island Peer Review Organization (IPRO) and the Centers for Medicare
and Medicaid Services (CMS) in providing the data which made this research possible. The conclusions presented are
solely those of the authors and do not represent those of IPRO, CMS or JCAHO. All authors made substantial
contributions to the manuscript. We would also like to acknowledge the assistance of: Patricia Formisano, MPH, Mary
Rojas, PhD, Hugh Dai, and Virginia Chan.

Funding: This study was supported by the Agency for Healthcare Research and Quality (RO1 HS09754-01), Center
for Medicare Services, Robert Wood Johnson Foundation (#020803) and National Institute of Neurological Diseases
and Stroke (R01 NS0O56028-02).

References

1. National Center for Health Statistics. U.S. Dept of Health and Human Services. National Hospital
Discharge Survey: 2003. 2006

2. North American Symptomatic Carotid Endarterectomy Trial collaborators. Beneficial effect of carotid
endarterectomy in symptomatic patients with high-grade carotid stenosis. N Engl J Med
1991;325:445-453. [PubMed: 1852179]

3. Executive Committee for the Asymptomatic Carotid Atherosclerosis Study. Endarterectomy for
asymptomatic carotid artery stenosis. JAMA 1995;273:1421-1428. [PubMed: 7723155]

4. European Carotid Surgery Trialists Collaborative Group. Randomised trial of endarterectomy for
recently symptomatic carotid stenosis: Final results of the MRC European Carotid Surgery Trial.
Lancet 1998;351:1379-1387. [PubMed: 9593407]

Stroke. Author manuscript; available in PMC 2009 September 16.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Halm et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Page 9

. Halliday A, Mansfield A, Marro J, Peto C, Peto R, Potter J, Thomas D. Prevention of disabling and

fatal strokes by successful carotid endarterectomy in patients without recent neurological symptoms:
Randomised controlled trial. Lancet 2004;363:1491-1502. [PubMed: 15135594]

. Biller J, Feinberg WM, Castaldo JE, Whittemore AD, Harbaugh RE, Dempsey RJ, Caplan LR,

Kresowik TF, Matchar DB, Toole J, Easton JD, Adams HP Jr, Brass LM, Hobson RW 2nd, Brott TG,
Sternau L. Guidelines for carotid endarterectomy: A statement for healthcare professionals from a
special writing group of the stroke council, american heart association. Stroke 1998;29:554-562.
[PubMed: 9480580]

. Chaturvedi S, Bruno A, Feasby T, Holloway R, Benavente O, Cohen SN, Cote R, Hess D, Saver J,

Spence JD, Stern B, Wilterdink J. Carotid endarterectomy--an evidence-based review: Report of the
therapeutics and technology assessment subcommittee of the american academy of neurology.
Neurology 2005;65:794-801. [PubMed: 16186516]

. Coward LJ, Featherstone RL, Brown MM. Safety and efficacy of endovascular treatment of carotid

artery stenosis compared with carotid endarterectomy: A cochrane systematic review of the
randomized evidence. Stroke 2005;36:905-911. [PubMed: 15746454]

. Sundt TM, Sandok BA, Whisnant JP. Carotid endarterectomy. Complications and preoperative

assessment of risk. Mayo Clin Proc 1975;50:301-306. [PubMed: 1127994]

. Hertzer NR, O'Hara PJ, Mascha EJ, Krajewski LP, Sullivan TM, Beven EG. Early outcome
assessment for 2228 consecutive carotid endarterectomy procedures: The cleveland clinic experience
from 1989 to 1995. J Vasc Surg 1997;26:1-10. [PubMed: 9240314]

Reed AB, Gaccione P, Belkin M, Donaldson MC, Mannick JA, Whittemore AD, Conte MS.
Preoperative risk factors for carotid endarterectomy: Defining the patient at high risk. J Vasc Surg
2003;37:1191-1199. [PubMed: 12764264]

Conrad MF, Shepard AD, Pandurangi K, Parikshak M, Nypaver TJ, Reddy DJ, Cho JS. Outcome of
carotid endarterectomy in african americans: Is race a factor? J Vasc Surg 2003;38:129-137.
[PubMed: 12844102]

Rockman CB, Su W, Lamparello PJ, Adelman MA, Jacobowitz GR, Gagne PJ, Landis R, Riles TS.
A reassessment of carotid endarterectomy in the face of contralateral carotid occlusion: Surgical
results in symptomatic and asymptomatic patients. J Vasc Surg 2002;36:668-673. [PubMed:
12368723]

Miller MT, Comerota AJ, Tzilinis A, Daoud Y, Hammerling J. Carotid endarterectomy in
octogenarians: Does increased age indicate “High risk?”. J Vasc Surg 2005;41:231-237. [PubMed:
15768004]

Goldstein LB, McCrory DC, Landsman PB, Samsa GP, Ancukiewicz M, Oddone EZ, Matchar DB.
Multicenter review of preoperative risk factors for carotid endarterectomy in patients with ipsilateral
symptoms. Stroke 1994;25(6):1116-1121. [PubMed: 8202967]

Goldstein LB, Samsa GP, Matchar DB, Oddone EZ. Multicenter review of preoperative risk factors
for endarterectomy for asymptomatic carotid artery stenosis. Stroke 1998;29:750-753. [PubMed:
9550506]

Fode NC, Sundt TM Jr, Robertson JT, Peerless SJ, Shields CB. Multicenter retrospective review of
results and complications of carotid endarterectomy in 1981. Stroke 1986;17:370-376. [PubMed:
3520976]

Bond R, Rerkasem K, Rothwell PM. Systematic review of the risks of carotid endarterectomy in
relation to the clinical indication for and timing of surgery. Stroke 2003;34(9):2290-2301. [PubMed:
12920260]

Dardik A, Bowman HM, Gordon TA, Hsieh G, Perler BA. Impact of race on the outcome of carotid
endarterectomy: A population-based analysis of 9,842 recent elective procedures. Ann Surg
2000;232:704-709. [PubMed: 11066143]

Hannan EL, Popp AJ, Feustel P, Halm E, Bernardini G, Waldman J, Shah D, Chassin MR. Association
of surgical specialty and processes of care with patient outcomes for carotid endarterectomy. Stroke
2001;32:2890-2897. [PubMed: 11739992]

Kennedy BS, Fortmann SP, Stafford RS. Elective and isolated carotid endarterectomy: Health
disparities in utilization and outcomes, but not readmission. J Natl Med Assoc 2007;99:480-488.
[PubMed: 17534005]

Stroke. Author manuscript; available in PMC 2009 September 16.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Halm et al.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 10

Kresowik TF, Bratzler D, Karp HR, Hemann RA, Hendel ME, Grund SL, Brenton M, Ellerbeck EF,
Nilasena DS. Multistate utilization, processes, and outcomes of carotid endarterectomy. J Vasc Surg
2001;33:227-234. [PubMed: 11174772]discussion 234-225

Bond R, Narayan SK, Rothwell PM, Warlow CP. Clinical and radiographic risk factors for operative
stroke and death in the european carotid surgery trial. Eur J Vasc Endovasc Surg 2002;23(2):108-
116. [PubMed: 11863327]

Ferguson GG, Eliasziw M, Barr HW, Clagett GP, Barnes RW, Wallace MC, Taylor DW, Haynes RB,
Finan JW, Hachinski VVC, Barnett HJ. The North American Symptomatic Carotid Endarterectomy
Trial : Surgical results in 1415 patients. Stroke 1999;30:1751-1758. [PubMed: 10471419]
Rothwell PM, Warlow CP. Prediction of benefit from carotid endarterectomy in individual patients:
A risk-modelling study. European carotid surgery trialists' collaborative group. Lancet
1999;353:2105-2110. [PubMed: 10382694]

Young B, Moore WS, Robertson JT, Toole JF, Ernst CB, Cohen SN, Broderick JP, Dempsey RJ,
Hosking JD. An analysis of perioperative surgical mortality and morbidity in the asymptomatic
carotid atherosclerosis study. Asymptomatic carotid artherosclerosis study. Stroke 1996;27:2216—
2224. [PubMed: 8969784]

Rothwell PM, Eliasziw M, Gutnikov SA, Warlow CP, Barnett HJ. Endarterectomy for symptomatic
carotid stenosis in relation to clinical subgroups and timing of surgery. Lancet 2004;363:915-924.
[PubMed: 15043958]

Horner RD, Oddone EZ, Stechuchak KM, Grambow SC, Gray J, Khuri SF, Henderson WG, Daley
J. Racial variations in postoperative outcomes of carotid endarterectomy: Evidence from the veterans
affairs national surgical quality improvement program. Med Care 2002;40:135-43. [PubMed:
11789630]

Stoner MC, Abbott WM, Wong DR, Hua HT, Lamuraglia GM, Kwolek CJ, Watkins MT, Agnihotri
AK, Henderson WG, Khuri S, Cambria RP. Defining the high-risk patient for carotid endarterectomy:
An analysis of the prospective national surgical quality improvement program database. J VVasc Surg
2006;43:285-295. [PubMed: 16476603]

Barnett HJ, Taylor DW, Eliasziw M, Fox AJ, Ferguson GG, Haynes RB, Rankin RN, Clagett GP,
Hachinski VC, Sackett DL, Thorpe KE, Meldrum HE. Benefit of carotid endarterectomy in patients
with symptomatic moderate or severe stenosis. North american symptomatic carotid endarterectomy
trial collaborators. N Engl J Med 1998;339:1415-1425. [PubMed: 9811916]

Halm EA, Chassin MR, Tuhrim S, Hollier LH, Popp AJ, Ascher E, Dardik H, Faust G, Riles TS.
Revisiting the appropriateness of carotid endarterectomy. Stroke 2003;34(6):1464-1471. [PubMed:
12738896]

Halm EA, Tuhrim S, Wang JJ, Rojas M, Hannan EL, Chassin MR. Has evidence changed practice?:
Appropriateness of carotid endarterectomy after the clinical trials. Neurology 2007;68:187-194.
[PubMed: 17224571]

Kucey DS, Bowyer B, Iron K, Austin P, Anderson G, Tu JV. Determinants of outcome after carotid
endarterectomy. J Vasc Surg 1998;28:1051-1058. [PubMed: 9845656]

Wong JH, Findlay JM, Suarez-Almazor ME. Regional performance of carotid endarterectomy.
Appropriateness, outcomes, and risk factors for complications. Stroke 1997;28:891-898. [PubMed:
9158621]

Tu JV, Wang H, Bowyer B, Green L, Fang J, Kucey D. Risk factors for death or stroke after carotid
endarterectomy: Observations from the ontario carotid endarterectomy registry. Stroke
2003;34:2568-2573. [PubMed: 14526040]

Kragsterman B, Logason K, Ahari A, Troéeng T, Parsson H, Berggvist D. Risk factors for
complications after carotid endarterectomy--a population-based study. Eur J Vasc Endovasc Surg
2004;28:98-103. [PubMed: 15177238]

Estes JM, Guadagnoli E, Wolf R, LoGerfo FW, Whittemore AD. The impact of cardiac comorbidity
after carotid endarterectomy. J Vasc Surg 1998;28:577-584. [PubMed: 9786249]

McCrory DC, Goldstein LB, Samsa GP, Oddone EZ, Landsman PB, Moore WS, Matchar DB.
Predicting complications of carotid endarterectomy. Stroke 1993;24(9):1285-1291. [PubMed:
8362419]

Stroke. Author manuscript; available in PMC 2009 September 16.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Halm et al.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Page 11

Halm EA, Hannan EL, Rojas M, Tuhrim S, Riles TS, Rockman CB, Chassin MR. Clinical and
operative predictors of outcomes of carotid endarterectomy. J Vasc Surg 2005;42:420-428.
[PubMed: 16171582]

Lee TH, Marcantonio ER, Mangione CM, Thomas EJ, Polanczyk CA, Cook EF, Sugarbaker DJ,
Donaldson MC, Poss R, Ho KK, Ludwig LE, Pedan A, Goldman L. Derivation and prospective
validation of a simple index for prediction of cardiac risk of major noncardiac surgery. Circulation
1999;100:1043-1049. [PubMed: 10477528]

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic
comorbidity in longitudinal studies: Development and validation. J Chronic Dis 1987;40:373-383.
[PubMed: 3558716]

Halm EA. Sydenham society: Assessing the appropriateness of carotid endarterectomy. J Clin
Epidemiol 2007;60:203-207. [PubMed: 17208128]

Barnett HJ. The inappropriate use of carotid endarterectomy. CMAJ 2004;171:473-474. [PubMed:
15337728]

Feasby TE, Barnett HJ. Improving the appropriateness of carotid endarterectomy. Neurology
2007;68:172-173. [PubMed: 17224567]

Rothwell PM, Slattery J, Warlow CP. Clinical and angiographic predictors of stroke and death from
carotid endarterectomy: Systematic review. BMJ 1997;315:1571-1577. [PubMed: 9437274]

Bond R, Rerkasem K, Cuffe R, Rothwell PM. A systematic review of the associations between age
and sex and the operative risks of carotid endarterectomy. Cerebrovasc Dis 2005;20:69-77. [PubMed:
15976498]

Hobson RW 2nd, Howard VJ, Roubin GS, Brott TG, Ferguson RD, Popma JJ, Graham DL, Howard
G. Carotid artery stenting is associated with increased complications in octogenarians: 30-day stroke
and death rates in the crest lead-in phase. J Vasc Surg 2004;40:1106-1111. [PubMed: 15622363]
Press MJ, Chassin MR, Wang J, Tuhrim S, Halm EA. Predicting medical and surgical complications
of carotid endarterectomy: Comparing the risk indexes. Arch Intern Med 2006;166:914-920.
[PubMed: 16636219]

Stroke. Author manuscript; available in PMC 2009 September 16.



Page 12

Halm et al.

(0) 000 (0) 000 (enTo %6¢-0
(were (Lv) 9z (Zv) g0 %61-0€
(0) 000 (0) 000 (88)0'T %65-0S
Fasy (892) 9g€ 44 (6) 9ee (892) 62 %69-09
(¥62) 1€°€ (65€) vO'7 (L88) 56 %66-0L
(1) 299 (1) 2979 (st zo papnja20
AKiauy pareladQ Jo sisouals
(s2)6L2L (L2) 1v8 (tze) s JaysuesL
1000°> (6L2) 2TE 1000"> (eve) v8'e (2£68) 596 3WoH
92JN0S WPy
(Le2) 58 (082) L€ (27¢€8) 6°68 ON
1000°> (99) v0°L 1000> (88) 8¢'6 (8e6) TOT SOA
@3 wouy paIwpy
(9 1eC (L) oze (sTo) € UMOUNUN/IALO
(¥1) 00°2 (67) 05°6 (002) 22 oluedsiH
1000°> (1) €9°G 1000"> (91) £6'9 (tea) s xoelg
(zLa)vre (62€) 08°€ (z998) 9'¢6 aNuM
Anowuyg/eoey
(18) 69°€ (901) 287 (86T2) 9°€C +08
1oy (te1) so°¢ L0 (s8r) eLe (856v) £'€5 6.-0L
(€1 eee (08)zLe (esto) e 0L>
aby
(9v1) v5'€ (LL1) 627 (szty) vy alewaS
14 (65T) L0°€ 8T’ (¥6T) ¥L'€ (T819) L'5S 3leN
NEN
anjea d (%) e oS Auy anfen d (%) arey lons/yeeq (9%) 9ousfenald 101984 Ysiy Juslred

(80£6=N) W32 10 S3W02INO aANRIadOIIad YIIM SUOIIRII0SSY pue SoMIsLigloeiey) jusied

NIH-PA Author Manuscript

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Stroke. Author manuscript; available in PMC 2009 September 16.



Page 13

Halm et al.

(9eze) 8y (9e22) 18'G (9g22) 0've €<
(65v2) v6°€ (tmyory (65v2) v'9z 14
1000"> (t8)1L2 1000"> (z6) L0°€ (v662) 2'2€ T
(62) 62T (ze) 86'T (6197) ¥'LT 0
8109S AJIp1gIOWO0D UoS|IeYD
(tv) or's (z9) 118 (65L) 28 €<
(st1) BEY (8e1) LTS (£192) '8¢ 14
1000"> (911) 08'C 1000"> (eeT) TZ°E (evTy) S T
(ee) v8'T (8e) et (6821) Z'6T 0
Xapu| XSy Jeiple)d pasingy
(e82) ere (ove) s (t206) 26 ON
1000°> (c2) 826 1000"> (te) 8o'eT (2e2) 9C SOA
Aipgesip 2160j0nau a1anss
(8v1) vee (081) v6°€ (2957) T'6¥ Wwbry
1o (2em) 1E°E €8’ (T6T) €£0'Y (TvLy) 6°05 ya
Aiape pajesado
(9)sLs (1) 08 (28)6°0 dsa@
L0 (T2) g8 20 (CTANIRS (eev) L'y Moj[eys
(622) 00'€ (6e€) 98°€ (8828) v'v6 3UON
anbeyd paresas|n
(seT) 982 (091) 6E°E (eT2¥) 905 %62-0
(s2) 8z we) vee (TS01) €11 %61-0€
(ve) z6C (L1) 85°¢ (6L¥) ST'S %65-0S
LE00° (te) ozy €100° (€2) 097 (009) ¥'S %69-09
(18) 00'% (¥0T) ¥T'S (ez00) L'TC %66-0L
(62) s€'S (e€) 609 (evs) 8'S papn|220
paresado-UoN JO SISousls
anfea d (%) jeved aons Auy anfea d (%) areyd _&odis/uresq (%) sousfenald 101984 XSy aned

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Stroke. Author manuscript; available in PMC 2009 September 16.



Page 14

Halm et al.

(L82) vze (eve) 18°€ (1988) Z'56 ON

9’ (81) €0°Y 10 (82) 92'9 (Lyv) 8y SAA
>ocm_o_t3mc_ |eusy

(zT2) 9z (252) 18°€ (9059) 6'69 ON

88’ (e6) zee ov' (6TT) STV (z082) 08 SBA
9seasIp Jejnasea esaydiiad

(892) 8T°€ (sTe) Y€ (e£v8) 906 ON

or (L8) ezy 7000 (99) 0v'9 (s18) v'6 SOA
ain|re} Weay annsabuo)

(#8) 992 (t2)os°€ (6202) 812 ON

80’ (152) sv'e 0z (00g) 2T'v (8221) z8L SAA
uoisuayadAH

(eLo) eee (eze) z8e (za¥8) 806 ON

T (ze)are 10’ (87) €95 (958) 76 SBA
uone||uqgld el

(L¥2) 60°€ (L62)2Le (6861) 658 ON

10° (89) ov'¥ 100° (1) 29's (L1ET) TV SOA
9SeasIp 1eay JejnAje A

(z62) LT°€ (gse) L6 (€€68) 096 ON

€8’ (1) L¥E 8L (91) 127 (se)ov SAA
asessIp AJeuolod 9N

(901) 16°2 (ez21) 28°€ (879¢) Z'6€ ON

T (66T) ¢5°€ 20 (8¥2) 8e'v (0995) 809 SBA
aseasIp Alaue Areuolo)
anjeA d (%) (e jons Auy anjeA d (%) areyd _&odis/uresq (9%) 8ousjenaid 101984 Ys1y Jualed

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Stroke. Author manuscript; available in PMC 2009 September 16.



Page 15

Halm et al.

juiod awi Aue Je | L JO 8X041S JO AI0ISIH
*

Y041 [eIRy-UOU IO [erey=a%0.1s AUy

1
9X041S [€Je}-UOU JO YJeap JO 81eJ paulquiod=ax04is/yread
x

(182) ze€ (zve) vo'v (85¥8) 6'06 ON

er (¥2) 28C iy (62) Tr'e (058) T'6 SIA
asn |0yod|v

(ese) oz'e (60€) 06°€ (9162) T'S8 ON

o¢’ (z9) vie €e’ (29) svy (26€T) 64T SAA
Bursjows jusind

(T9) vee (182) 18°€ (9252) 608 ON

0L (vve) zre 80" (£ RINY (28LT) T6T SBA
asessIp ?.a:oc,__:n_

(r12)8T€ (Lze)6Le (6198) 926 ON

90’ (T8) 051 8000’ (vv) 6€°9 (689) t'2 SIA
uljnsul uo sslagelg

(56T7) 86°Z (1€2) €5°¢ (T¥59) €02 ON

10 (0TT) 86°€ 9000° (orT) 90°S (9922) L'62 SAA
snjljjaw saxeqelq

(eT1) LT (Tr1) 1272 (002S) 6°5S ON

1000"> (z67) 297 1000"> (0€2) 09°S (80TY) T'vv SBA
9SeasIp Je|ndseA0lqalad
anjeA d (%) |2y ons Auy anjea d (%) areyd _&odis/uresq (9%) 92usjeAaId 1039e4 s1y JUdlled

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Stroke. Author manuscript; available in PMC 2009 September 16.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Halm et al.

Table 2

Page 16

Rates of Perioperative Death and Stroke Following CEA by Neurological

Indication, Acuity and Timing of Surgery (N=9308)

Specific Neurological Indication for Number Prevalence (%0) Death/Stroke Rate % (#) Any Stroke Rate % (#)

CEA

Asymptomatic 6553 715 3.01 (200) 2.48 (165)

Carotid TIA 1763 18.9 5.62 (99) 4.54 (80)

Minor Stroke 718 7.7 6.54 (47) 5.57 (40)

Major Stroke 144 15 14.58 (21) 11.80 (17)

Acute Syndromes 30 32 13.33 (4) 10.0 (3)
Crescendo TIA 15 0.16 13.33(2) 6.67 (1)
Stroke-in-evolution 15 0.16 13.33 (2) 13.33(2)

Global Categories of Neurological

Acuity

Asymptomatic 6653 715 3.01 (200) 2.48 (165)
No stroke or TIA ever 5200 55.9 2.71 (141) 2.17 (113)
Distant stroke or TIA™ 1453 156 4.06 (59) 3.58 (52)

Symptomatic 2655 28.5 6.44 (171) 5.27 (140)
Carotid TIA 1763 18.9 5.62 (99) 4.54 (80)
Stroke 862 9.3 7.89 (68) 6.61 (57)
Acute syndromes 30 0.32 13.33 (4) 10.0 (3)

Timing of CEA in Relation to Recency

of Carotid Symptoms in Symptomatic

Patients

TIA/Minor Stroke 2496 100.0 5.93 (148) 4.85 (121)
<2 days 198 7.9 7.58 (15) 6.06 (12)
2-6 days 418 16.8 7.18 (30) 5.98 (25)
7-14 days 379 15.2 6.86 (26) 4.75 (18)
>14 days 1501 60.1 5.13 (77) 4.40 (66)

Major Stroke 144 15 14.58 (21) 11.80 (17)
< 6 weeks 93 1.0 15.05 (14) 12.90 (12)
6 weeks to 1 year 51 0.5 13.72 (7) 9.80 (5)
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Distant stroke or TIA means > 1 year prior to CEA
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Table 3
Multivariate Predictors of Perioperative Death and Stroke after CEA
Outcome/Risk Factor Odds Ratio | 95% CI | P-value
Combined Death and Non-fatal Stroke
Age > 80 years 1.30 1.03-1.64 | .03
Non-White 1.83 1.23-2.72 | .002
Admitted from ER 1.95 1.50-2.54 | <.0001
Distant history of stroke/TIA 1.40 1.02-1.94 | .03
TIA as indication for CEA 1.81 1.39-2.36 | <.0001
CVA as indication for CEA 2.40 1.74-3.31 | <.0001
Acute Syndrome as indication 3.61 1.15-11.28 | .02
Contralateral stenosis >50% 1.44 1.15-1.79 | .0008
Deep carotid plaque ulcer 2.08 0.93-4.68 | .07
Severe disability 2.94 1.91-4.50 | <.0001
Coronary artery disease 151 1.20-1.91 | .0006
Diabetes on insulin 1.55 1.10-2.18 | .01
Any Stroke
Non-White 1.74 1.10-2.72 | .008
Admitted from ER 1.73 1.27-2.35 | <.0001
Distant history of stroke/TIA 1.60 1.14-2.24 | .006
TIA as indication for CEA 1.88 1.42-2.50 | <.0001
CVA as indication for CEA 2.54 1.79-3.59 | <.0001
Acute Syndrome as indication 3.45 1.00-12.0 | .05
Contralateral stenosis >50% 1.42 1.11-1.80 | .003
Severe disability 2.17 1.33-3.53 | .003
Coronary artery disease 1.38 1.08-1.75 | .02
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Cl=confidence interval; Non-white=Black or Hispanic
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