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Abstract

Objective—Prompt carotid endarterectomy (CEA) in clinically significant carotid stenosis is
important in the prevention of neurologic sequelae. The greatest benefit from surgery is obtained
by prompt revascularization upon diagnosis. It has been demonstrated that black patients both
receive CEA less frequently than white patients and experience worse postoperative outcomes. We
sought to test our hypothesis that black race is an independent risk factor for a prolonged time
from sonographic diagnosis of carotid stenosis warranting surgery to the day of operation (TDO).

Methods—166 CEA patients from 1998-2013 at a single institution were retrospectively
reviewed using Synthetic Derivative, a de-identified electronic medical record. Factors potentially
affecting TDO, including demographics, preoperative cardiac stress testing (CST), degree of
stenosis, smoking status and comorbidities, were noted. Multivariate analysis was performed on
variables that trended with prolonged TDO on univariate analysis (P<.10) to determine
independent (P<.05) predictors of TDO. Subgroup analyses were further performed on the
symptomatic and asymptomatic stenosis cohorts.

Results—32 black patients and 134 white patients and were studied; the mean TDO was 78+17
days vs. 33+3 days, respectively (P<.001). In addition to the need for preoperative CST, black
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race was the only variable that demonstrated a trend with (P<.10), or was an independent risk
factor (P<.05) for prolonged TDO among all patients (B=42 days; P<.001) and within the
symptomatic (B=35 days; P=.08) and asymptomatic cohorts (B=35 days; P=.003). On Kaplan-
Meier analysis, black patients in each strata of symptomatology (all, symptomatic and
asymptomatic patients) experienced prolonged TDO (log-rank P<.03 for all three groups).

Conclusions—Black race is a risk factor for a temporal delay in CEA for carotid stenosis.
Awareness of this disparity may help surgeons avoid undesirable delays in operation for their
black patients.

INTRODUCTION

The carotid endarterectomy (CEA) is the primary operative intervention in the prevention of
stroke due to carotid artery stenosis.! CEA is a valuable tool in preventing cerebrovascular
accident, currently the fourth leading cause of death in the United States.2 The North
American Symptomatic Carotid Endarterectomy Trial (NASCET) and Asymptomatic
Carotid Artery Stenosis (ACAS) trials of the 1990s provided high-level evidence that
operative removal of carotid plaque in the presence of carotid stenosis offered a relative risk
reduction in 5-year stroke and death rate.3: 4 As these trials had a relatively small proportion
of black enrollees (~3%), a number of ensuing studies have shown that black patients
underwent CEA with less frequency than white patients, received fewer carotid imaging
studies, and had more severe neurological disease and comorbidities preoperatively.2 513

The impact of these racial disparities has been realized in outcomes studies, leading some to
question the external validity of NASCET and ACAS. In 2000, Dardik et al. reported that
black patients had poorer outcomes in the immediate postoperative period. Black patients
had a greater postoperative stroke rate, longer length of stay and more costly hospitalization.
Black race was identified as an independent risk factor for postoperative stroke.6 However,
these findings remained equivocal throughout the decade; Schneider et al., in 2012, found
that while black patients have increased risk of stroke postoperatively, it may not be race
that explains the disparity.14

Race has been a risk factor in postoperative death with greater consistency than
postoperative stroke. CEA operations performed from 2005-2010 in the National Surgical
Quality Improvement Program (NSQIP) were examined in 2013, in which black race was
identified as an independent risk factor for both 30-day postoperative and in-hospital
mortality.2 Explanations for these outcomes disparities have included increased
comorbidities preoperatively, poor patient selection, confounding by socioeconomic status
and other non-medical factors, and increased proportion of CEA operations on black patients
performed at low volume institutions, by less experienced surgeons.2 6. 9. 11, 15

Prompt CEA in the presence of symptoms with carotid stenosis in candidates with
appropriate surgical risk is unequivocally advocated and represents the standard of care in
modern vascular surgery.* The present study aims to evaluate a gap in knowledge that may
contribute to the disparity in postoperative CEA outcomes between white and black patients,
but also may illustrate a disparity in care. While it is the judgment of the vascular surgeon as
to when an operation is indicated, there is often a sonographic or radiographic imaging study
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that prompts the decision to operate, often coincident with workup of neurologic symptoms
(symptomatic patients) or as part of a routine screen or workup for other reasons
(asymptomatic patients). It is our hypothesis that a racial disparity will emerge in the
duration from sonographic determination that an operation is warranted, to the day of
operation (Time from sonographic Diagnosis to Operation, TDO), and that race may be
independently associated with prolonged TDO.

The Vanderbilt University Synthetic Derivative (SD) is a database that captures all patient
data representing interactions within the Vanderbilt University medical system, and contains
records for > 2.1 million patients available with a wide array of search methods.16 The
standard electronic medical record at Vanderbilt University, StarPanel, is scrubbed of
personal identifiers, and uploaded via one-way hash to the SD. As no identifying
information is available, this study was approved as non-human research by the Vanderbilt
University Institutional Review Board, and informed consent was waived. In SD, a search
was performed for only patients who identified as either white or black race, who were
diagnosed with carotid stenosis sonographically (CPT code 93880 or 93882), and who
subsequently underwent CEA (CPT code 35301). Patients who identified as other races,
such as Hispanic or Asian, were not assessed due to prohibitively low sample size.

All black patients identified (n=39), and a cohort of white patients (n=169) randomly
generated by the SD algorithm were chosen for chart review. Date of sonographic diagnosis
of carotid stenosis deemed to warrant operation by the operating surgeon (no less than
50-79%), and date of surgery were noted. Variables potentially influencing TDO, including
demographics, degree of stenosis (defined as the average of the range given on sonographic
assessment), preoperative smoking status and symptomatology were recorded. Major
comorbidities with prevalence over 10% in the cohort were examined individually as well,
and ICD-9 code query with individual chart confirmation was used for attribution. These
comorbidities were hypertension (ICD-9 401,405; HTN), coronary artery disease (ICD-9
410-414; CAD), congestive heart failure (ICD-9 428.0; CHF), chronic pulmonary disease
(ICD-9 490-493; CPD), cancer in the last 5 years (ICD-9 140-149, 201-208, 238.4)
peripheral vascular disease including aortic aneurysm (ICD-9 443, 443.89, 443.9, 441;
PVD) and diabetes mellitus (ICD-9 250; DM).2 8 The Charlson Comorbidity Index (CCI)
was also calculated for all patients, as a validated measure of comorbidity burden.1’
Anticipating that patients with cardiac risk factors may require preoperative workup, the
presence of cardiac stress testing (CST) was also noted. Patients were excluded if the
sonogram and CEA were both performed within the same hospitalization (22 patients), if
there was insufficient information in the patient record (19 patients), or if acuity increased
during TDO (1 symptomatic patient had another stroke, 1 asymptomatic patient became
symptomatic; both white female patients). For the final analysis of this retrospective cohort
study, 166 patients were included; 134 white patients and 32 black patients, a ratio of
approximately 4 to 1.

For analysis, patients were primarily stratified in two ways: symptomatology (all cases,
symptomatic carotid stenosis, and asymptomatic carotid stenosis) and race (white and
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black).® Comparison between groups was performed using Fisher's exact test for categorical
variables and unpaired Student's t-test for continuous variables. Measures of central
tendency and variance for continuous variables were described by mean and standard error
of the mean. Within each of the three strata of symptomatology, univariate linear regression
analysis was performed using each baseline characteristic as an independent variable and
TDO as the dependent variable. Factors on univariate analysis that trended toward an
association with TDO (P<.10; defined a priori) were entered into a stepwise multivariate
linear regression analysis. Collinearity was assessed via variance inflation factor (VIF); in
all cases, VIF was <1.4, and therefore there was minimal collinearity and no modifications
were made to analysis. Finally, Kaplan-Meier curves for each symptomatology stratum were
generated to model TDO by race, and these curves were compared via the Mantel-Cox Log-
rank test.18 Statistical analysis was performed with IBM SPSS Statistical Data Editor 21
(IBM, Somers, NY) and GraphPad Prism (La Jolla, CA). Unless stated otherwise, for all
tests, P<.05 was used for statistical significance.

Baseline demographics and clinical characteristics

From 1998-2013, 47 black patients and 810 white patients underwent CEA at Vanderbilt
University. 166 operations from 1998-2013 were studied, representing a random sample of
white patients and all black patients who met inclusion criteria. There was no difference in
mean age at surgery, gender, degree of stenosis or tobacco use between races (P>.05). Black
patients more frequently received preoperative CST than white patients (P<.001). Proportion
of symptomatic patients did not vary with race (P=1.0). No other comorbidities were
significantly different between the two groups (P>.05; Table I).

There were 54 symptomatic patients and 112 asymptomatic patients. Within each subgroup,
there was no difference between races with respect to age at surgery, gender, degree of
stenosis or tobacco use (P>.05). Frequency of preoperative CST remained significantly
greater in the black cohort (70% vs. 18% for symptomatic patients; 46% vs. 18% for
asymptomatic patients; P<.01). Among symptomatic patients, black patients had a
significantly greater prevalence of CAD (90% vs. 52%; P=.04), CHF (50% vs. 14%; P=.02)
and CPD (50% vs. 11%; P=.01). Differences in other comorbidities assessed, as well as
CCI, were not significant (P>.05). Among asymptomatic patients, there were no differences
in any specific comorbidity (P>.05; Table II).

Factors independently associated with TDO

For all patients, baseline factors that trended toward an association with TDO upon
univariate analysis (P<.10) were female gender, black race, preoperative CST, degree of
stenosis, HTN, CAD, CHF, CPD, PVD and CCI. These were entered into a stepwise
multivariate linear regression. Factors which were independently associated with TDO for
all patients were female gender (B=-16 days, 95% CI —34, -4 days; P=.01), black race
(B=42 days, 95% CI 23, 62 days; P<.001), preoperative CST (B=36 days, 95% CI 3, 39
days; P=.02) and CHF (B=26 days, 95% CI 9, 44 days, P=.004; Table I11).
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For symptomatic patients, black race, preoperative CST, CHF, CPD, PVD and CCI trended
with TDO on univariate analysis (P<.10). These were entered into stepwise multivariate
linear regression. Preoperative CST (B=34 days, 95% CI 1, 67 days; P=.05) and CPD (B=57
days, 95% CI 19, 95 days; P=.004) were significant independent predictors of prolonged
TDO while black race demonstrated a trend (B=35, 95% CI -4, 74 days; P=.08; Table 1V).

For asymptomatic patients, female gender, black race, preoperative CST, degree of stenasis,
CAD and CHF trended with TDO in univariate analysis (P<.10). Upon multivariate stepwise
regression, independent predictors of TDO were female gender (B=-20 days, 95% CI —38,
-2 days; P=.03), black race (B=35 days, 95% CI 12, 57 days; P=0.003), preoperative CST
(B=21 days, 95% CI 0.2, 42 days; P=0.05) and degree of stenosis (B=-0.8 days, 95% ClI
-1.6, -0.1 days; P=0.04), while CAD trended toward significance (B=16 days, 95% CI -2,
35 days; P=.09; Table V). Overall, black race was independently associated with prolonged
TDO by an average of 42 days among all patients and 35 days among asymptomatic
patients, longer than any other variable.

Figure 1 depicts mean TDO differences by race. Among all patients, blacks experienced
significantly prolonged TDO (78+17 days vs. 33+3 days; P<.001). Within symptomatic and
asymptomatic patient subgroups, the black patients still experienced prolonged TDO (86+37
days vs. 23+3 days, P=.001 for symptomatic patients; 7519 days vs. 37+3 days, P=.002 for
asymptomatic patients). Kaplan-Meier curves demonstrate the proportion of each race that
had yet to undergo CEA over time (Figure 2). For the three groups (all patients,
symptomatic subgroup, and asymptomatic subgroup), the Mantel-Cox P values were P=.
001, P=.007 and P=.03, respectively.1?

DISCUSSION

Many level Il and level 111 studies have concluded that black race is independently
associated with postoperative sequelae including stroke, reoperation and death; furthermore,
black patients tend to experience a more prolonged and costly hospital course.2 513,20 |n
Brown et al.'s 2013 NSQIP chart review of >30,000 patients, black race was associated with
increased risk of postoperative stroke (P=.009), 30-day mortality (P=.002), operative time
(P<.001), length of stay (P<.001), unplanned intubation and ventilation (P<.001), cardiac
arrest (P<.001) and return to operating room (P=.02). Black race was also an independent
risk factor in postoperative death, just the same as COPD, dialysis, age>80 years and angina
were.2 To the authors’ knowledge, this is the first study that examines the role of race in the
duration from diagnosis to operation, an outcome measure important to ensure equitable
treatment for all patients.

Clinical judgment guides the timing of CEA. Patients who are symptomatic with high-grade
stenosis represent the least ambiguous cohort with respect to their risk-benefit ratio for

4
surgery.

Conversely, asymptomatic patients with known carotid disease may be routinely screened
until a critical sonogram at which point the surgeon elects to operate. TDO was standardized
using the most temporally proximal sonogram to the day of surgery even if it was unchanged
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from a previous one, to eliminate bias attributable to being an established patient in the
Vanderbilt University system. To optimize uniformity of TDO among all patients, patients
who became symptomatic, or had recurrent stroke, during this interval and thus developed
enhanced acuity were excluded.

Our analysis of 166 CEAs at a single institution demonstrated that black patients experience
prolonged TDO, when scheduled on an outpatient basis. Our analysis included
demographics, but also considered other factors potentially influencing TDO including
degree of stenosis, need for preoperative CST and whether the patient was a tobacco user.
Based on prior reports, it was anticipated that at the time of diagnosis, blacks would have a
greater comorbidity burden.2 % 14 For this reason, the Charlson Comorbidity Index was
included in the analysis to capture the impact of conditions with low prevalence in the
cohort, such as end-stage renal disease.” In addition, major comorbidities were examined
individually. A multivariate stepwise analysis was employed to isolate those factors that
independently predicted an operative delay. Confirming our hypothesis, black race was the
largest contributor to prolonged TDO in all patients (B=42 days) and within the
asymptomatic cohort (B=35 days); ostensibly due to sample size, its significance as an
independent risk factor for prolonged TDO was not observed in the symptomatic cohort (P=.
08).

This study has several limitations affecting the applicability and validity of our findings. As
data was gathered retrospectively, we were constrained to the information provided in the
medical record.2! To this effect, we aimed to gather only easily definable variables and used
a clear-cut endpoint (TDO). Furthermore, as this was a single-institution study, the sample
size was affected by the relatively small number of black patients who received CEA, and
disproportionately low ratio of black patients to white patients relative to the hospital
admission demographics for all diagnoses (0.06:1 vs. 0.17:1). This ratio may reflect a
regional bias in site of vascular surgical care, but may also be partially attributable to the
lower prevalence of clinically significant carotid stenosis in the black population.22: 23

This study did not capture non-medical variables that may influence TDO. Insurance status
and access to Medicaid are among multiple socioeconomic factors that may necessitate
postponement of surgery. This concern was proposed as an explanation as to why black
patients received CEAs less frequently than white patients and had inferior outcomes
postoperatively, but the trend persisted even after accounting for these variables in other
studies.> 24-27 To date, it has been reported using the Nationwide Inpatient Sample database
that asymptomatic self-pay/Medicaid patients are less likely to receive carotid
revascularization, often waiting until becoming symptomatic.28 One additional confounder
might be an increased aversion to surgery among black patients, manifesting in a delay to
surgery attributable to operative hesitancy.29-3! These patients were cared for by the same
group of surgeons, and received preoperative medical optimization similarly, supported by
similar rates of treatment with at least one anti-platelet agent (78% vs. 88% for white and
black patients, respectively; P=.45), in accordance with recommended management
guildelines32 33 and a statin (48% vs. 41% for white and black patients, respectively; P=.
56). However, it is plausible that a surgeon with one set of practice guidelines primarily
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managed a disproportionate number of black patients; the de-identified SD database
prevented identification of the surgeon.

Finally, this study did not correlate length of stay to postoperative endpoints such as
mortality, stroke or reoperation. Nevertheless, the primary focus of this study was to test the
hypothesis that there are racial disparities in CEA management, and we have demonstrated
that such disparities exist.

CONCLUSION

Understanding the limitations, we conclude there is a delay from sonographic diagnosis of
carotid stenosis warranting an operation to actual performance of operation in black patients.
This delay is independent of confounding medical factors and represents a disparity in care.
Awareness of this disparity may help vascular surgeons ensure that timing of surgery is
carefully considered for all patients.
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Figure 2.

Kaplan-Meier Curve for TDO, for all patients (A; ¥2=11.8; P<.001), for symptomatic
patients (B; x2=7.2, P=.007) and asymptomatic patients (C; ¥2=5.0, P=.03). Dotted lines

represent standard error.
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Baseline characteristic for all patients

Table |

Variable White (n=134) Black (n=32) P
Age ) 67:08° 6812 0.14
Female gender 48 (36%) 16 (50%) 0.16
Preop CST 24 (18%) 17 (53%) <0.001
Symptomatic 44 (33%) 10 (31%) 1.0
% Stenosis 8241062 832062 0.88
Tobacco User 52 (39%) 10 (31%) 0.54
Comorbidities
HTN 113 (84%) 25 (78%) 0.43
CAD 78 (58%) 24 (75%) 0.11
CHF 28 (21%) 10 (31%) 0.24
CPD 13 (10%) 7 (22%) 0.07
DM 64 (48%) 16 (50%) 0.85
PVD 64 (48%) 17 (53%) 0.70
Cancer 18 (13%) 4 (13%) 1.0
cel 2.5+0.2% 2.7+0.3% 059

a
Mean + standard error of the mean
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Table Il

Baseline characteristics for symptomatic and asymptomatic subgroups

Page 13

Symptomatic (n=54)

Asymptomatic (n=112)

Variable White (n=44) Black (n=10) P White (n=90) Black (n=22) P
Age () 69+12 6832 074 gex1? 67422 0.15
Female gender 14 (32%) 5 (50%) 030 56 (62%) 11 (50%) 0.34
Preop CST 8 (18%) 7 (70%) 0.003 16 (18%) 10 (46%) 0.01
% Stenosis 802962 81+49%° 085 8341952 83+3%2 0.98
Tobacco User 19 (43%) 5 (50%) 074 33(37%) 5 (23%) 0.32
Comorbidities
HTN 40 (91%) 10(100%) 1.0 73 (81%) 15 (68%) 0.25
CAD 23 (52%) 9 (90%) 004  55(61%) 15 (68%) 0.34
CHF 6 (14%) 5 (50%) 002 22 (24%) 5 (23%) 10
CcPD 5 (12%) 5 (50%) 001 8 (9%) 2 (9%) 1.0
DM 14 (32%) 5 (50%) 030 50 (56%) 11 (50%) 0.64
PVD 21 (48%) 7 (70%) 030 43 (48%) 10 (46%) 10
Cancer 8 (18%) 2 (20%) 10 10 (11%) 2 (9%) 10
ccl 2.6+0.3% 35:0.7% 023 541022 2.3:0.42 0.838

a
Mean + standard error of the mean
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Table llI

Baseline characteristics for symptomatic and asymptomatic subgroups

Univariate Multivariate
Variable B (95% CI) P B  (95%Cl) P
Age (y) 0 (-1,0.9) 0.96 - - -
Female gender -16  (-32,0.8) 0.06 -19 (-34,-44) 0.01
Black Race 46 (26,65) <0.001 42 (23,62 <0.001
Preop CST 36 (18,54) <0001 21  (2.9,39) 0.02
% Stenosis -0.7 (-1.4,-0.06) 0.03 * * *
Symptomatic -10 (-27,7) 0.26 - - -
Tobacco User 3.6 (-13.3,20) 0.68 - - -
Comorbidities
HTN 18 (-3.3,40) 0.10 * * *
CAD 20 (3.9,37) 0.02 * * *
CHF 27 (8.346) 0.005 26  (8.7,44) 0.004
CPD 22 (-2.7,47) 0.08 * * *
DM -12  (-18,15) 0.89 - - -
PVD 20 (3.8,36) 0.02 * * *
Cancer -17  (-40,6.6) 0.16 * * *
CCl 4.2 (0.1,8.3) 0.05 * * *
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Regression analysis of independent predictors of TDO, symptomatic patients

Table IV

Univariate Multivariate
Variable B 95%Cl) P B 95% ClI P
Age at surgery  -0.3 (-2,1.5) 0.75 - - -
Female gender —6.2 (-39,27) 071 - - -
Black Race 63 (26,100) 0.001 35 (-3.9,74) 0.08
Preop CST 46  (13,79) 0.007 34 (0.767) 0.5
% Stenosis -0.7 (-2.005) 025 - - -
Tobacco User -4.4 (-38,29) 0.80 - - -
Comorbidities
HTN 21 (-2365) 035 - - -
CAD 11 (-2143) 049 - - -
CHF 36 (-5.5,77)  0.09 * * *
CPD 64  (23105) 0003 57 (19,95)  0.004
DM 16 (-1849) 036 - - -
PVD 31 (-1.4,63) 0.06 * * *
Cancer -5.2  (-48,37) 081 - - -
CCl 8.8 (1.5,16) 0.02 * * *
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Table V

Regression analysis of independent predictors of TDO, asymptomatic patients

Univariate Multivariate
Variable B (95%Cl) P B (95%Cl) P
Age at surgery 0.2 (-0.9,1.4) 0.69 - - -
Female gender -21  (-40,1.8) 003 -20 (-38,-2.1) 0.03
Black Race 37 (14,60) 0.002 35 (12,57) 0.003
Preop CST 32 (9.954) 0005 21  (0.2,42) 0.05
% Stenosis -09 (-1.7,00) 004 -0.8 (-16-0.1) 0.04
Tobacco User 6.3 (-13,26) 052 - - -
Comorbidities
HTN 18 (-6.843) 015 - - -
CAD 24 (4144) 002 16  (-2435)  0.09
CHF 23 (1.7,44) 0.04 * * *
CPD -28 (-34,28) 086 - - -
DM -10 (-29,9.1) 030 - - -
PVD 14  (-5.133) 015 - - -
Cancer -23  (-515.7) 012 - - -
cCl 20  (-3.1,7.00 044 - - -
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