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Abstract

Background and Purpose—Accurate knowledge of individualized risks and benefits is
crucial to the surgical management of patients undergoing carotid endarterectomy (CEA).
Although large randomized trials have determined specific cutoffs for the degree of stenosis,
precise delineation of patient-level risks remains a topic of debate, especially in real world
practice. We attempted to create a risk factor-based predictive model of outcomes in CEA.

Methods—We performed a retrospective cohort study involving patients who underwent CEAs
from 2005 to 2010 and were registered in the American College of Surgeons National Quality
Improvement Project database.

Results—Of the 35 698 patients, 20 015 were asymptomatic (56.1%) and 15 683 were
symptomatic (43.9%). These patients demonstrated a 1.64% risk of stroke, 0.69% risk of
myocardial infarction, and 0.75% risk of death within 30 days after CEA. Multivariate analysis
demonstrated that increasing age, male sex, history of chronic obstructive pulmonary disease,
myocardial infarction, angina, congestive heart failure, peripheral vascular disease, previous
stroke or transient ischemic attack, and dialysis were independent risk factors associated with an
increased risk of the combined outcome of postoperative stroke, myocardial infarction, or death. A
validated model for outcome prediction based on individual patient characteristics was developed.
There was a steep effect of age on the risk of myocardial infarction and death.

Conclusions—This national study confirms that that risks of CEA vary dramatically based on
patient-level characteristics. Because of limited discrimination, it cannot be used for individual
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patient risk assessment. However, it can be used as a baseline for improvement and development
of more accurate predictive models based on other databases or prospective studies
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Methods

Decision making regarding the need for carotid intervention is heavily dependent on
whether the postoperative risk of stroke, myocardial infarction, or death outweighs the risks
of conservative management. Since the publication of large randomized, controlled trials
(RCTs),1> carotid endarterectomy (CEA) has been favored over conservative management
in a select group of patients. This benefit is contingent on a favorable operative risk profile
of the patients. However, the rigorous selection criteria of RCTSs restrict their results in
certain patients with low operative risk and predefined age range. The comparison of an
estimated risk of adverse events for each individual patient with these benchmarks could
tailor the application of the results of evidence-based medicine. This strategy can also allow
for the identification of modifiable risk factors associated with stroke, myocardial infarction
(M1), and death in patients undergoing CEA.

There have been several studies attempting to identify such modifiable risk factors. Most of
these have been retrospective analyses of single institution experiences,5-8 demonstrating
results with limited generalization given their inherent selection bias. The interpretation of
other systematic reviews or multicenter studies®16 is equally limited given their focus on
regional or subgroup data and administrative registries. The latter have been heavily
criticized for not being independently validated and underreporting patient comorbidities
and procedural complications.

These limitations are at least partially addressed by the American College of Surgeons
(ACS) National Quality Improvement Program (NSQIP) database, which contains
prospectively collected data from >180 private and academic hospitals across the country. It
allows for the unrestricted study of the patient population in question through high quality
and reliable data sets.}” Using this database, preoperative comorbidities associated with
postoperative stroke, Ml, death, or their combination in patients undergoing CEA were
identified. Based on these data, a risk factor-based predictive model of negative outcomes in
CEA was developed.

NSQIP Database

All of the patients undergoing CEA in the ACS NSQIP database between 2005 and 2010
were included in the analysis. The ACS NSQIP prospectively collects data on >200
variables pertaining to patient characteristics, comorbid conditions, operative details, and
30-day postoperative outcomes for a variety of surgical procedures. Data for the NSQIP
database are collected in each fully participating site by a surgical clinical reviewer, who is
typically a trained nurse. To ensure that the data collected are of the highest quality, ACS
has developed a host of different training mechanisms for the surgical clinical reviewers and
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conducts an interrater reliability audit of select participating sites. An interrater reliability
audit disagreement rate of >5% or 30-day follow-up rate <80% results in an additional audit
and exclusion of the site from the calculations. Preoperative, intraoperative, and
postoperative data (until 30 days after the procedure) are collected for all of the patients. The
latest interrater reliability audit for participating sites has revealed an overall disagreement
rate of 1.99%. More information about ACS NSQIP, including diagnostic criteria for the
risk factors included in this analysis, is available at http://www.acsnsqip.org.

Cohort Definition

Variables

To establish a cohort of patients undergoing CEA for asymptomatic stenosis, we used
current procedural terminology code 35301 to identify patients in the registry who
underwent CEA between 2005 and 2010. Symptomatic status was then assigned to any
subject with a history of cerebrovascular accident with or without neurological deficit or a
history of transient ischemic attack (T1A). The NSQIP database does not provide details on
the side of the stroke or ischemic attack and, therefore, subjects were classified as
symptomatic regardless of whether the symptoms were in the distribution of the operated
artery. All of the remaining cases were defined as asymptomatic.

The primary outcome variable was the 30-day postoperative risk of stroke, Ml, death, or
their combination for patients registered in NSQIP-ACS undergoing CEA. The effect on the
CEA outcomes of the pertinent exposure variables was examined in a multivariate analysis
including all of the variables (19 variables). The variables were continuous for age and body
mass index. Categorical variables were sex, chronic obstructive pulmonary disease (COPD),
peripheral vascular disease, history of Ml, angina, TIA, stroke with and without residual
symptoms, congestive heart failure, alcohol consumption (>2 drinks per day in the 2 weeks
before admission), previous coronary angioplasty, previous coronary artery bypass grafting,
smoking (patient having smoked cigarettes in the year before admission for surgery),
hypertension (persistent elevation of systolic blood pressure >140 mm Hg or a diastolic
pressure >90 mm Hg or requires an antihypertensive treatment at the time that the patient is
being considered as a candidate for surgery), bleeding disorder (any condition that places the
patient at risk for excessive bleeding requiring hospitalization because of a deficiency of
blood clotting elements), diabetes mellitus, and dialysis. Year of procedure and hospital size
(not available in NSQIP) were not included in the model because the focus was on patient-
level factors.

Statistical Analysis

The multivariate logistic regression parameter values were used to construct a predictive
model for postoperative complications. Logistic regression was used to develop a
multivariable model for the prediction of the combined outcome. The C-index (area under
the receiver operating characteristic curve) was used to measure discriminatory ability. A
value of 0.5 indicates a model of no discriminatory ability at all (not better than chance). A
C-index corrected for overfitting bias was calculated using leave-out cross-validation (ie,
leave 4% out or 40 events and total of 1427 patients, repeated 1000 times, as well as
bootstrap validation, repeated 1000 times). The Hosmer-Lemeshow test was used to assess
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calibration of the model. Interactions were tested but none were significant at the threshold
(0.001) that we set to correct for multiple testing (20*%19/2=190 interactions in all), and,
further, none improved the C-index by >0.002. Nonlinear functions of the continuous
characteristics (age and body mass index) were explored using regression splines, but none
improved the model. Statistical analyses were performed using the XLSTAT version
2011.2.01 (Addinsoft) and R (version 2.15.1).

Demographics and Clinical Characteristics

In the selected study period there were 35 698 patients (mean age was 71.1 years, with
59.1% men) registered in NSQIP, of whom 20 015 were asymptomatic (56.1%) and 15 683
symptomatic (43.9%). The 2 groups demonstrated significant differences in the prevalence
of the following risk factors: sex, COPD, history of peripheral vascular disease, congestive
heart failure, history of percutaneous coronary angioplasty, coronary artery bypass grafting,
history of bleeding disorders, and increased body mass index (Table 1).

Clinical Outcomes

The 30-day incidences of stroke, MlI, death, or their combined after CEA were 1.64%,
0.69%, 0.75%, and 2.78%, respectively (Table 2). Symptomatic patients demonstrated a
significantly higher incidence of stroke and death but not Ml after CEA.

Multivariate Analysis of 30-Day Postoperative Outcomes

Stroke—Previous stroke was independently (Figure 1) associated with a higher risk of
postoperative stroke within 30 days (odds ratio [OR], 2.55 [95% CI, 2.05-3.17]), death (OR,
2.98 [95% Cl, 2.18-4.06]), and the composite outcome (OR, 2.26 [95% Cl, 1.90-2.69]). In
addition to having a previous stroke or TIA, the only other variable independently associated
with a higher risk of postoperative stroke was history of angina (OR, 1.89 [95% ClI,
1.19-2.99]).

Myocardial Infarction—Postoperative MI within 30 days (Figure 1) was independently
associated with older age, previous history of angina (OR, 3.50 [95% Cl, 2.07-5.93]),
coronary angioplasty (OR, 1.59 [95% CI, 1.13-2.24]), stroke (OR, 1.59 [95% ClI,
1.10-2.30]), and diabetes mellitus (OR, 1.57 [95% ClI, 1.14-2.16]). No such association was
identified with previous MI or congestive heart failure.

Death—Risk factors independently associated (Figure 1) with a higher risk of postoperative
death within 30 days were: older age (OR, 1.05 [95% ClI, 1.04-1.07]), history of COPD (OR,
2.78 [95% CI, 1.97-3.91]), MI (OR, 2.41 [95% Cl, 1.25-4.66]), congestive heart failure (OR,
2.94 [95% Cl, 1.52-5.68]), peripheral vascular disease (OR, 1.70 [95% ClI, 1.14-2.53]),
stroke (OR, 2.98 [95% ClI, 2.18-4.06]), and dialysis (OR, 3.72 [95% ClI, 1.85-7.45]).

Combined Stroke, MI, or Death—The following risk factors were independendy

associated (Figure 1) with a higher risk of the composite outcome within 30 days: older age
(OR, 1.02 [95% ClI, 1.01-1.03]), sex (OR, 1.18 [95% ClI, 1.01-1.37]), history of COPD (OR,

Stroke. Author manuscript; available in PMC 2014 December 30.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bekelis et al.

Page 5

1.44 [95% CI, 1.17-1.78]), MI (OR, 1.59 [95% Cl, 1.04-2.45]), angina (OR, 2.29 [95% Cl,
1.66-3.16]), congestive heart failure (OR, 2.09 [95% ClI, 1.32-3.31]), peripheral vascular
disease (OR, 1.33 [95% Cl, 1.06-1.67]), stroke (OR, 2.26 [95% ClI, 1.90-2.69]), TIA (OR,
1.28 [95% ClI, 1.09-2.50]), stroke without symptoms (OR, 1.50 [95% ClI, 1.19-1.90]), and
dialysis (OR, 2.05 [95% Cl, 1.24-3.37]).

Predictive Model Application

The predicted risk for stroke, MI, death, or their combination was plotted for the significant
individual variables with the highest ORs, as well as for their combination against the
patient age (Figure 2). An additive effect of the variables was observed on the risk of all 4
outcomes. For instance, symptomatic patients with angina appear to have double the risk of
stroke (4%) in comparison with symptomatic patients without angina (2%; Figure 2A). Also,
an 80-year-old patient with previous history of stroke has a much smaller risk of Ml (0.5%)
than similar patients with additional history of angina and diabetes mellitus (4%).
Furthermore, the addition of COPD in the risk factors of symptomatic patients in their 80s
with history of Ml triples (from 2% to 6%) their risk of death (Figure 2C).

Interestingly, based on this model there was a steep effect of age on the risk of Ml and
death. Patients with previous history of stroke, angina and diabetes mellitus undergoing
CEA in their 60s have a 2% risk of death. This risk appears to double in patients in their 80s
(Figure 2B). The risk of death in symptomatic patients with previous history of Ml and
COPD triples for patients in their 80s in comparison with patients in their 60s (Figure 2C).

Accuracy of the Model

Our model demonstrated moderate discriminative ability. The area under curve or c-statistic
of the receiver operating characteristic (Figure I in the online-only Data Supplement) was
calculated to be 0.64,0.70,0.75, and 0.65 for postoperative stroke, Ml, death, and combined
risks, respectively. Our validated c-statistics yielded similar values. The cross-validated C-
index was 0.63 (SE=0.11), 0.65 (SE=0.016), 0.73 (SE=0.015), and 0.64 (SE=0.008) for
postoperative stroke, MI, death, and combined risks, respectively. The bootstrap validated
C-index was 0.63 (SE=0.012), 0.66 (SE=0.019), 0.74 (SE=0.016), 0.64 (SE of 0.008) for
postoperative stroke, Ml, death, and combined risks, respectively. In addition to the area
under curve, we performed the Hosmer-Lemeshow test and found that, for 2 of the outcomes
(M1 and death), our model demonstrated good calibration (P=0.639 and P=0.371
respectively), whereas accuracy of models predicting stroke or combined outcomes yielded
P values of 0.011 and 0.034, respectively, indicating that additional factors may be involved
in predicting these events that were not included in our study. Our analysis was repeated
with only the risk factors that were significant in the univariate analysis and yielded similar
results.

Discussion

The identification of modifiable risk factors associated with poor prognosis and the
development of predictive models for outcomes are the cornerstones of defining quality in
surgical healthcare delivery. The NSQIP, as a high-quality prospectively collected database,
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can be very helpful for that purpose.” Although its results are not strictly representative of
the US population at large, the quality of the data from a broad range of academic and
private institutions’ performing CEA allows for reliable risk factor identification and
modeling. Some groups have previously used the NSQIP database to study the outcomes of
CEA.18-20 Thejr results were either limited to small populations or focused on a particular
subgroup of patients, paying attention to their neurological outcomes. They were lacking an
analysis of the effect of risk factors on the comprehensive outcomes of CEA, including Ml,
as is commonplace in most recent RCTs, and did not involve the development of predictive
models.

Previous stroke or TIA was recognized in the current analysis as an independent risk factor
associated with a higher incidence of stroke, death, or their combination. Interestingly, there
is no observed correlation of increased age and the risk of stroke, whereas such a correlation
is evident in the risk of M1 and death. This is supportive of the notion that CEA should be
favored over stenting in older patients. The latter has been shown to have a significantly
higher incidence of stroke in the octogenarians, as is evident by the lead-in phase of the
Carotid Revascularization Endarterectomy versus Stenting (CREST) trial.21 Our observed
30-day incidence of stroke or death for symptomatic patients (2.3%) is lower but still
comparable to what was reported in the CREST trial?2 (3.2%) and lower than the
corresponding rates in the Stent Protected Angioplasty versus Carotid Endarterectomy
(SPACE) trial?3 (6.3%), Endarterectomy versus Angioplasty - Symptomatic Severe Carotid
Stenosis (EVA-SS)24 (3.9%), and International Carotid Surgery Study (ICSS)25 (3.4%).
Similarly the 30-day incidence of stroke in our asymptomatic cohort (1.1%) is comparable
to the CREST trial?2 (1.3 %) and lower than Asymptomatic Carotid Atherosclrerosis Study
(ACAS)?3 (2.3%) and Asymptomatic Carotid Atherosclrerosis Study (ACST)? (3.1%). The
similar rates of periprocedural stroke in our sample compared with those observed in RCTs
suggest that clinical trial-based complication rates can be achieved in nontrial practice.

As expected, there is independent correlation of angina, diabetes mellitus, and coronary
angioplasty with the risk of MI. Previous MI does not appear to be independently associated
with perioperative MI, probably because of the very strict definition of M1 by NSQIP in the
perioperative period, which is expected to be different from what was deemed as an Ml in
the clinical history of the patient. The association of stroke with persistent symptoms with
the risk of postoperative M1 requires special attention, given its nonconcordance with the
lack of such association with TIA and stroke without residual symptoms. This observation
can be justified by the fact that symptomatic stroke is probably associated with a larger
vascular distribution and potentially a higher general atherosclerotic burden for the patient,
contributing to the higher rate of postoperative MI. Our observed incidence of MI was lower
than the observed incidence (2.4%) in the CREST study.22 This could have resulted from the
stricter definition of postoperative Ml in the NSQIP group (defined as a new trans-mural
acute MI occurring during surgery or within 30 days, manifesting by new Q-waves on
ECQG).

These results are important in the context of the ongoing debate on the appropriateness of
CEA or carotid stenting in the treatment of carotid stenosis. Data from the CREST trial?2
have supported the use of CEA in patients at higher risk for stroke and carotid stenting in
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patients at higher risk for an MI. Our proposed model can predict the risk of stroke, Ml,
death, or the composite outcome for patients in the NSQIP cohort. Although the c-statistic
values demonstrated only modest discriminationZ® and the models cannot be used for
individual patient decision making, they may be of value as a baseline for improvement
programs and the development of more accurate predictive models based on other databases
or prospective studies. The similarity of rates reported in this analysis, as compared with
those observed in RCTS, suggests that the results obtained in the more restricted population
enrolled in clinical trials might be generalizable.

Despite providing some projections for all of the carotid stenosis patients, the interpretation
of the results in asymptomatic patients will be limited. There is a national trend toward
minimizing intervention for asymptomatic carotid stenosis in favor of medical treatment.2’
This is driven by a paradigm shift in what constitutes best medical management, from
aspirin in the initial RCTs to broad cardiovascular risk factor modification currently.
Therefore, the risk predicted in the model cannot be readily compared with the current
practice.

The present study has several limitations. The hospitals participating were not a random
sample from the United States but were rather motivated to improve the quality of surgical
care, although individual surgeons are unaware of the inclusion of their patients in the
NSQIP database preoperatively. Hospitals participating in NSQIP are expected to be larger
and more likely to have an academic affiliation than the average US hospital. However, the
hospitals included were still diverse with respect to size, region, and academic status,
supporting the generalizability of our findings. In addition, the current analysis contains the
largest cohort of NSQIP patients investigated to date. The presented model demonstrates
relatively poor discrimination for stroke but improved and acceptable discrimination for Ml
and death. In fact, the NSQIP database contains more general risk factors that are closely
related to death or MI as an outcome and is lacking procedure specific risk factors that
would provide better discrimination for specific postoperative complications such as stroke.

Several issues also arise with the definition of symptomatic patients that was used. The
NSQIP database does not provide data on the timing of the stroke or its etiology. The
interval between symptom onset and intervention, particularly for those with moderate
symptomatic stenosis, is critical for determining the balance of risks and benefits.28
Therefore, categorizing patients with a previous history of stroke as symptomatic in this
setting overestimates the prevalence of symptoms. Although this is a well-known pitfall of
NSQIP, we categorized patients as symptomatic in agreement with all of the published
literature in this database. However, the proportion of asymptomatic patients in this study is
similar to that of regional registries, making the designation of symptomatic status likely
accurate. On the other hand, the diagnosis of postoperative stroke is not necessarily based on
postoperative examination by an independent neurologist certified on the National Institutes
of Health Stroke Scale to identify the severity of the stoke, and there is no mention of
Rankin scores. Therefore, the diagnosis might vary among providers. However, this is most
likely representative of a real world experience, where a stroke might be diagnosed by the
provider performing the procedure (ie, a neurosurgeon). In addition, there is no mention of
sidedness, contralateral carotid occlusion, irregular or ulcerated plaques in the angiogram, or
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hemispheric versus retinal TIAs, which were all found to be risk factors in North American
Symptomatic Carotid Endarterectomy Trial (NASCET).® There is also no record of the use
of statins or antiplatelet therapy, the history of atrial fibrillation, the timing of the
intervention, or the technical details of the procedure. Finally, to create our multivariate
model, we considered all of the preoperative patient-level risk factors available in the
NSQIP database that are associated with vascular disease. Some risk factors that were
thought to be unrelated or overlapping with others were excluded from the model. This
introduces a slight selection bias.

Conclusions

The NSQIP database is a prospective database, appropriate for benchmarking in the quality
of national healthcare delivery. Based on the results of the multivariate analysis, a risk
factor-based predictive model of the postoperative 30-day risk of stroke, MlI, death, or their
combination was devised. Although the generalization of these predictions should be made
with caution, the model can be used as a baseline for the improvement and development of
more accurate predictive models based on other databases or prospective studies, but the
level of discrimination is insufficient for use in individual patient decision making.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Multivariate analysis of the 30-day risk of stroke, myocardial infarction, death, or their

combination after carotid endarterectomy. Only the significant risk factors are represented.
CHF indicates congestive heart failure; COPD, chronic obstructive pulmonary disease; DM,
diabetes melitus; MI, myocardial infarction; NO, stroke without residual symptoms; PVD,
peripheral vascular disease; and TIA, transient ischemic attack. The odds ratios are
represented with forest plots on the right side of each table.
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Figure 2.
Diagrams of the risk for stroke (A), myocardial infarction (Ml; B), death (C), or their

combination (D) for some of the individual variables that were found to be statistically
significant in the multivariate analysis, as well as the combination of some of the variables
against the age of the patient. The left y axis represents the absolute probability to develop
an outcome for individual risk factors or their combination. The right y axis represents the
absolute probability to develop an outcome for all risk factors combined (including
nonsignificant ones).
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Demographics

Table 1

All Patients Asymptomatic Symptomatic
Variable n % n % n % PValue
Sex F 14562 40.9 8374 41.9 6188 39.5
M 21062 59.1 11592 58.1 9470  60.5 <0.05
COPD No 31933 895 17978 89.8 13955 89.0
Yes 3765 10.5 2037 10.2 1728 11.0 <0.05
Myocardial infarction No 35167 985 19723 98.5 15444 985
Yes 531 15 292 15 239 15 0.61
Angina No 34762 97.4 19503 97.4 15259 973
Yes 936 2.6 512 2.6 424 2.7 0.39
Peripheral Vascular disease No 32255 90.4 17950 89.7 14305 91.2
Yes 3443 9.6 2065 10.3 1378 8.8 <0.05
TIA No 25801 723 20015 100.0 5786 36.9
Yes 9897 27.7 0 0.0 9897 63.1 NA
Stroke No 30213 84.6 20015 100.0 10198 65.0
Yes 5485 154 0 0.0 5485 35.0 NA
Stroke-no residual symptoms No 32420 90.8 20015 100.0 12405 79.1
Yes 3278 9.2 0 0.0 3278 20.9 NA
Alcohol consumption No 34149 957 19171 958 14978 955
Yes 1549 4.3 844 4.2 705 4.5 0.20
Congestive heart failure No 35330 99.0 19836 99.1 15494 98.8
Yes 368 1.0 179 0.9 189 12 <0.05
Percutaneous coronary angioplasty ~ No 29029 81.3 16042 80.1 12987 82.8
Yes 6669 18.7 3973 19.9 2696 17.2 <0.05
Coronary artery bypass grafting No 27560 77.2 15160 75.7 12400 79.1
Yes 8138 22.8 4855 24.3 3283 20.9 <0.05
Hypertension No 5227 146 2883 14.4 2344 149
Yes 30471 854 17132 856 13339 851 0.15
Bleeding disorder No 28374 795 17139 856 11235 716
Yes 7324 205 2876 144 4448 284 <0.05
Smoker No 10264 38.7 5790 38.7 4474  38.6
Yes 16286 61.3 9168 61.3 7118 614 0.85
Diabetes mellitus No 25770 722 14513 725 11257 718
Yes 9928 27.8 5502 275 4426 28.2 0.13
Dialysis No 35337 99.0 19823 99.0 15514 98.9
Yes 361 1.0 192 1.0 169 11 0.27

COPD indicates chronic obstructive pulmonary disease; NA, not applicable; and TIA, transient ischemic attack.
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Outcomes
All Patients Symptomatic Asymptomatic P Value
Stroke 585 (1.64%) 365 (2.33%) 220(1.10%) <0.001
MI 247 (0.69%)  122(0.78%) 125(0.63%) 0.09
Death 267 (0.75%) 163 (1.04%) 104(0.52%) <0.001
Composite 994 (2.79%) 581 (3.70%) 413(2.06%) <0.001

Ml indicates myocardial infarction.
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