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Original Contributions

Impact of Carotid Endarterectomy on Medical Secondary
Prevention After a Stroke or a Transient Ischemic Attack

Results from the Reduction of Atherothrombosis for Continued Health
(REACH) Registry

Emmanuel Touzé, MD; Jean-Louis Mas, MD; Joachim Réther, MD; Shinya Goto, MD;
Alan T. Hirsch, MD; Yasuo Ikeda, MD; Chiau-Suong Liau, MD, PhD; E. Magnus Ohman, MD;
Alain J. Richard, MD, PhD; Peter W.F. Wilson, MD; P. Gabriel Steg, MD; Deepak L. Bhatt, MD;
for the REACH Registry Investigators

Background and Purpose—Whether a history of carotid endarterectomy influences patient compliance with medical
treatments and physician attitude toward treatments after ischemic stroke or transient ischemic attack (TIA) is not well
known.

Methods—We studied the baseline data of 18 467 ischemic stroke and TIA patients from the international REduction of
Atherothrombosis for Continued Health (REACH) Registry and investigated the impact of a history of endarterectomy
on the secondary medical prevention measured by the use of antiplatelet agents and statins, and by the control of
cholesterol level, glucose level, and blood pressure.

Results—Among the patients with a history of ischemic stroke or TIA, those with a history of endarterectomy (n=1474)
were more likely to receive antiplatelet agents and statins, to have a blood pressure <140/90 mm Hg, and a fasting total
cholesterol <200 mg/dL. In diabetic patients, endarterectomy was associated with lower fasting blood glucose levels.
In multivariate logistic regression analyses, endarterectomy was significantly associated with the use of antiplatelet
agents (odds ratio [OR], 1.6; 95% CI, 1.3 to 1.9; P<<0.0001) and statins (OR, 1.8; 1.6 to 2.0; P<<0.0001), and with a
cholesterol level <200 mg/dL (OR, 1.3; 1.2 to 1.5; P<<0.0001). By contrast, the associations with blood pressure and
blood glucose levels were no longer significant. There was no heterogeneity across the world regions or among the
specialists who enrolled the patients.

Conclusions—Carotid endarterectomy is associated with a higher use of antiplatelet agents and statins in stroke/TTA
patients. The absence of such an association with blood pressure and blood glucose control suggests that the individual
determinants of the quality of the secondary medical prevention vary from one risk factor to another and from one class
of drugs to another. (Stroke. 2006;37:2880-2885.)

Key Words: antithrombotic agents m carotid endarterectomy m guidelines m prevention m risk factors
m statins m stroke

Numerous studies have clearly shown that there is a
substantial gap between recommendations in guidelines
and actual care of patients with atherothrombotic diseases.!-¢
Only a minority of patients are at target goals for blood
pressure, glucose, and cholesterol, and despite an overwhelm-
ing amount of data in support of statins and antiplatelet
therapy, these classes of drugs are not being prescribed at

optimal rates.? In addition to secondary medical prevention,
some patients with severe atherosclerosis benefit from spe-
cific interventional approaches, such as carotid endarterectomy
(CE), coronary artery bypass graft surgery, or percutaneous
coronary interventions mostly with stent implantation.
Whether these interventions influence patient compliance and
physician medical choices remains unknown, because there is
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no study specifically addressing this issue. CE is the most
frequently performed vascular surgical procedure in the
United States, and the rates continue to increase in Europe.”
One retrospective study has suggested that medical secondary
prevention of patients who had CE was not optimal.® How-
ever, there was no comparative group of patients without CE.
We studied the baseline data of 18 467 ischemic stroke and
transient ischemic attack (TIA) patients from the international
REduction of Atherothrombosis for Continued Health
(REACH) Registry and investigated the impact of a history of
CE on the secondary medical prevention measured by the use
of antithrombotic drugs and statins, and by the control of
cholesterol level, glucose level, and blood pressure.

Methods

The design and methodology of the REACH Registry, an interna-
tional, prospective, observational registry have been published else-
where.>” Briefly, consecutive eligible outpatients aged 45 years or
older with established coronary artery disease (CAD), cerebrovas-
cular disease (ischemic stroke or TIA), or peripheral arterial disease
(PAD), or with at least 3 atherothrombotic risk factors were enrolled
over a 7-month recruitment period on a worldwide basis between
December 2003 and June 2004. The protocol of the REACH registry
was submitted to the institutional review board in each country
according to local requirements and signed informed consent was
obtained for all patients. The protocol of the present study was
submitted to and approved by the REACH Steering Committee in
January 2005 before all data were collected.

The diagnosis of stroke or TIA was documented by hospital or
neurologist report. Documented CAD consisted of =1 of the
following criteria: stable angina with documented coronary athero-
ma, history of percutaneous coronary intervention, history of coro-
nary bypass graft surgery, or previous myocardial infarction. Docu-
mented PAD consisted of 1 or both criteria: current intermittent
claudication with ankle-brachial index <0.9 or a history of intermit-
tent claudication together with a previous and related endovascular
or surgical intervention.

Among the 68236 patients enrolled in the registry, 18992
(27.8%) had a past history of ischemic stroke or TIA. We excluded
253 (1.3%) patients for whom the information on history of CE was
missing and 272 (1.4%) patients who had a history of carotid
angioplasty and no history of CE. Patients who had a history of both
CE and carotid angioplasty (n=244) were not excluded. Thus,
18 467 patients formed the basis of this study. Data on risk factors,
physical examination, and medications were collected centrally via
use of a standardized international case report form, completed at the
study enrolment visit. The risk factors consisted of those that were
documented in the medical record or for which patients were
receiving treatment: diabetes (any history of diabetes or current
diabetes diagnosed by at least 2 fasting blood glucose measures
>126 mg/dL, treated or not), hypertension previously or currently
treated, atrial fibrillation (paroxysmal, persistent or permanent), and
smoking status (never, former, current). Baseline seated systolic and
diastolic blood pressure, and most recent available fasting glucose
(n=14 285; 77%) and cholesterol levels (14 313; 78%) were ob-
tained. Treatments taken regularly by the patients including anti-
platelet agents, oral anticoagulants, lipid-lowering agents, cardiovas-
cular agents, and antidiabetic agents at the time of enrolment were
recorded.

The evaluation of secondary medical prevention was based on the
current recommendations when patients were enrolled in the regis-
try.'® We calculated the proportion of patients receiving antithrom-
botic agents (antiplatelet drugs or anticoagulants) and statins.!?
Although the use of statins is not recommended in all stroke/TTIA
patients, we included these drugs in our analysis because growing
evidence demonstrates that statins reduce the risk of coronary events,
regardless of cholesterol levels in stroke/TIA patients, as mentioned
in most recommendations for prevention after a stroke or a TIA.!0-12
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The quality of risk factor control was assessed by calculating the
proportion of patients with blood pressure <140/90 mm Hg and
fasting cholesterol level <200 mg/dL. Hemoglobin A,. was not
collected in the REACH Registry. Therefore, the quality of glycemic
control in diabetic patients was assessed by calculating the propor-
tion of patients having a fasting blood glucose <135 mg/dL,
corresponding to 6% of hemoglobin A,.'3

Statistical Analyses

Continuous variables are expressed as mean (SD) and categorical
variables as percentages. Categorical variables were compared using
the Pearson )’ test and continuous variables using the ¢ test. The
associations between a prior history of CE and use of antithrombotic
drugs, use of statins, cholesterol level control, glucose level control,
and blood pressure control were assessed by calculation of crude and
adjusted odds ratios (OR) in logistic-regression analyses. Models
were adjusted for region, physician’s specialty, age, gender, hyper-
tension, diabetes, hypercholesterolemia, smoking status, CAD, PAD,
atrial fibrillation, time lapse from stroke/TIA, type of event (stroke,
TIA), and relevant treatments. We evaluated heterogeneity in our
results across world regions and specialists with Breslow-Day
tests. To assess the internal validity of the results, the same analyses
were performed after exclusion of patients with atrial fibrillation (ie,
those which potentially had a cardioembolic stroke) and those who
had clinical manifestations of atherothrombosis in other arterial
territories (CAD and PAD). Statistical analyses were performed
using SAS software version 8.01 (SAS Institute Inc) and STATA
software version 8.0 (StataCorp).

Results

Among the 18 467 stroke/TIA patients, 1474 (8%) had a
history of CE (Table 1). In this group, patients were older and
the proportion of males was higher compared with patients
without previous CE. In addition, patients with a history of
CE were more likely to have a history of hypertension,
smoking, hypercholesterolemia, a history of clinical manifes-
tations of atherothrombosis in other arterial territories, and
they were slightly more likely to be overweight or obese. The
majority (79%) of patients with a history of CE were from
North America and Western Europe.

Table 2 shows that patients with a history of CE were more
likely to receive antiplatelet or any antithrombotic agent and
statins or any lipid-lowering agent, to have a blood pressure
<140/90 mm Hg, and a fasting total cholesterol <200 mg/dL. A
history of CE was also associated with lower fasting blood
glucose in diabetic patients. As there was no difference in the
use of anticoagulants between both groups, antiplatelet agents
were used in the following analyses.

The associations between CE and use of antiplatelet agents
or statins, and between CE and cholesterol level control were
consistent across the different regions of the world and
among the different specialists who enrolled patients (Fig-
ure). By contrast, the relation between CE and blood pressure
<140/90 mm Hg was no longer significant after adjustment
for world regions. These findings were similar when analyses
were restricted to patients who had a diagnosis of hyperten-
sion or when blood pressures <120/80 or <160/100 mm Hg
were chosen as cut-offs. Similarly, the relation between CE
and blood glucose <135 mg/dL in diabetic patients was not
significant after adjustment for world regions (data not
shown).

In logistic regression analyses, CE remained significantly
associated with the use of antiplatelet agents (OR, 1.6; 95%
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TABLE 1. Main Characteristics of the Population

History of CE

Yes No
(n=1474)  (n=16993) P
Sociodemographic characteristics
Age, mean (SD), years 71509.3) 69.2(10.1) <0.0001
Age (years), % <0.0001
<55 6 10
55-64 19 22
65-74 36 36
=75 39 32
Male sex, % 68 59 <0.0001
Region, % <0.0001
North America (n=5697) 49 29
Latin America (n=615) 2 4
Western Europe (n=4670) 30 25
Eastern Europe (n=2164) 5 12
Japan (n=1992) 6 11
Other Asia (n=2481) 2 15
Middle East (n=217) 1 1
Australia (n=631) 5 3
TIA, % 38 27 <0.0001
Time since stroke/TIA <1 year, % 26 36 <0.0001
Risk factors
Diabetes, % 35 37 0.21
Hypertension, % 86 83 0.002
Smoking, % <0.0001
Never 29 49
Former 56 37
Current 15 14
Hypercholesterolemia, % 75 56 <0.0001
Atrial fibrillation or flutter, % 14 13 0.30
BMI (kg/m?), % 0.004
<25 34 38
25-29 42 39
30-34 18 16
=35 6 7
History of atherothrombotic
manifestations in other arterial
territories
CAD, % 53 34 <0.0001
PAD, % 22 9 <0.0001

Time since stroke/TIA corresponds to the time between the qualifying
stroke/TIA and the inclusion in the registry.

BMI indicates body mass index (calculated as weight in kilograms divided by
the square of height in meters).

Ex-smoker: at least 5 cigarettes per day as a mean >1 month before entry
into registry. Current smoker: at least 5 cigarettes per day as a mean within the
past month before entry into registry.

CI, 1.3 to 1.9; P<<0.0001), the use of statins (OR, 1.8; 1.6 to
2.0; P<<0.0001), and a cholesterol level <200 mg/dL (OR,
1.3; 1.2 to 1.5; P<<0.0001) in the whole population as well as
in the different prespecified subgroups (Table 3). Patients

TABLE 2. Management of Risk Factors and Use of
Preventive Treatments
History of CE
Yes No
(n=1474) (n=16993) P
Treatments
Antiplatelet agent, % 87 81 <0.0001
Oral anticoagulants, % 17 17 0.69
At least 1 antithrombotic agent, % 96 92 <0.0001
Statins, % 74 55 <0.0001
At least 1 lipid-lowering agent, % 78 59 <0.0001
BP control
<120/80 mm Hg, % 1 9 <0.0001
120/80 mm Hg <BP 39 36
<140/90 mm Hg, %
140/90=BP 35 34
<160/100 mm Hg, %
=160/100 mm Hg, % 15 20
Systolic BP, mean 1384(19.1)  139.8(20.1) 0.0006
(SD), mm Hg
Diastolic BP, mean 76.5(11.0) 80.0(11.7)  <0.0001
(SD), mm Hg
Biological tests
Fasting total cholesterol 65 53 <0.0001
<200 mg/dL, %
Fasting total cholesterol, 189.1(44.00  200.2 (47.5) <0.0001

mean (SD), mg/dL

Fasting blood glucose* 57 50 0.004
<135 mg/dL, %
Fasting blood glucose,*
mean (SD), mg/dL

*In patients with diagnosed diabetes mellitus.
BP indicates blood pressure.

1389(521)  1465(549) 0006

with previous CE were also more likely to receive either
statins or antiplatelet agents (OR, 2.0; 1.5 to 2.7) and both
statins and antiplatelet agents (OR, 3.2; 2.4 to 4.3), with a
significant trend (P<<0.0001). There was a significant inter-
action (P=0.0005) between CE and statins in relation to
cholesterol level. Indeed, CE was significantly associated
with cholesterol <200 mg/dL in patients receiving statins
(OR, 1.3; 1.1 to 1.6; P=0.0002) but not in those who did not
receive this class of drug (OR, 1.0; 0.8 to 1.4). All these
results were similar when any antithrombotic agent instead of
antiplatelet agents or any lipid-lowering agent instead of
statins was used for analysis (data not shown).

Discussion
We have shown that, in the large international REACH
Registry, stroke/TIA patients with a history of CE were more
likely to receive antiplatelet agents or statins, even more
likely to receive both drugs, and to have lower cholesterol
levels compared with patients with no history of CE. The
association between history of CE and cholesterol level was
observed in patients receiving statins. Our findings were not
explained by potential confounders, such as vascular risk
factors or involvement of other arterial territories, and were
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Use of Antiplatelet agents  Odds ratio Use of Statins Odds ratio  Cholesterol <200 mg/dl Odds ratio
(95% CI) (95% CI) (95% C1)
World Regions
North America .I:. 1.5(1.2:1.8) it 21(1.7-25) .l:]_ 13(1.0-1.5)
Latin America 2.3(0.50.7) —_— 26(1.1-6.1) 1.6/(0.6-4.2)
Western Europe —11 1.8(1.3-2.4) 41 20(16-25) H1 16(1.3-2.1)
Eastern Europe - 3.7(1.59.2) —_ i 1.3 (D.82.1) —_—i 1.2 (D.7-1.9)
Middle East 1.6 (0.1-26.7) 1.5 (0.3-7.1) 3.0 (08141
Asia 2.2(0.5-9.3) _— 2.8 (1,2-6.3) 1.8 (D.8-4.3)
Australia o 2.0(1.0-4.1) —_— 1.3 (0.8-2.3) 26 (1.07.1)
Japan —_— 27(1.259) —O—— 16(1.0-24) — 0.9 (0514}
Overall (95% CI) < P(het)=0.50 1.7 {1.5-2.0) < P(het)=0.37 19{1.722) < P(het)=0.17 1401218
| I 1l [l I 1 1 I I I 1 I I I I I 1
5 1 2 5 10 20 5 1 2 5 10 20 S5 1 2 5 10
Odds ratio Odds ratio Odds ratio
Specialists
=3 _E_ 1.8 (1.4-2.2) E 2.1(1.6-2.6) -L__I_ 1.5(1.3-19)
Neurologist —{ 1.5 (1.0-2.4) —D— 1.6 (1.2-2.1) —— 1.4 {1.0-2.0}
Internist _D_ 1.5(1.1-1.9} D 26 (2.0-3.2) ‘[} 1.6 (1.3-2.0)
Cardiologlst S T — 14 (0.82.7) —u-_ 22(1.3-38) —0— 1.8(1.1-3.0)
1.5 (0.4-5.5) _ 3.1(1.1-8.4) o 0.5{0.2-1.7)
Vascular surgeon 34(1.0-11.3) e 1.3(0.7-2.2) L 1.4 (0.7-28)
gi 1.1(0.3-3.8) 8.7 (1.3-74.7} 1.2{0.4-37)
Other 0.7 (0.1-3.8) 0.8 (0.2-3.3) 1.1 {0.2-6.3)
Overall (95% CI) <> P{het)=0.80 1.6 (1.4-1.8) < P(het}=0.05 21 (1.8-2.4) <= P(hetj=0.74 1501317
| I I I ] I I 1 1 I ] 1 I 1 ] ]
5 1 2 5 10 20 .. ] 1 15 5 10 5 1 2 B
Odds ratio Odds ratio Odds ratio

Relation between history of carotid endarterectomy and the different components of the medical secondary prevention across the dif-
ferent world regions and enrolling physician specialty. P(het)=probability value for x? heterogeneity (Breslow-Day). All pooled ORs were
statistically significant with P<0.00001. GP indicates general practitioner.

consistent across the different regions of the world and
among the different specialists who enrolled the patients.

These results contradict those of a previous smaller study
showing that among 1041 patients with a history of CE, only
5% received a sustained prescription of antiplatelet agents
and 38% a sustained prescription of statins.® However, the
proportion of patients with a previous stroke or TIA was
unknown and there was no comparative group. Nevertheless,
our findings are consistent with those of another study
suggesting that a history of percutaneous coronary interven-
tion and bypass surgery were associated with better medical
secondary prevention in CAD patients.>

It is unclear how CE affects the use of antithrombotic drugs
or statins and the quality of cholesterol control in stroke/TTA
patients. Because similar trends were observed across all

TABLE 3.

world regions, factors related to health care systems are
unlikely to explain our findings. They could be explained by
improved patient compliance with treatments and diet regi-
mens, as a result of the psychological impact of surgery,
and/or increased physician motivation to treat patients with
severe atherosclerosis more aggressively. Because patients
who received lipid-lowering drugs were classified as having
hypercholesterolemia, we were not able to identify whether
CE patients were more likely to have been investigated (and
consequently treated) for hypercholesterolemia or treated
with statins independently of their cholesterol levels. How-
ever, the REACH Registry was not designed to address
explanations of our findings.

By contrast, we did not find any association between a
history of CE and control of diabetes and blood pressure. The

Association Between History of Carotid Endarterectomy and the Different Components of the Medical

Secondary Prevention in All Patients and in the Different Subgroups

OR (95% Cl)

All Patients  Patients Without Atrial Fibrillation ~ Patients Without CAD  Patients Without CAD or PAD
At least 1 antiplatelet agent 6 (1.3-1.9) 1.6 (1.3-1.9) 1.9 (1.5-2.5) 1.9 (1.5-2.6)
Statins 8 (1.5-2.0) 1.8 (1.6-2.1) 1.9 (1.6-2.3) 1.8 (1.5-2.1)
Total fasting cholesterol <200 mg/dL 1.3 (1.2-1.5) 1.3(1.2-1.6) 1.4(1.1-1.7) 1.4 (1.1-1.7)
Fasting blood glucose* <135 mg/dL 2(0.9-1.9) 1.1(0.9-1.4) 1.0 (0.7-1.4) 1.0 (0.7-1.5)
Blood pressure <140/90 mm Hg 0(0.9-1.2) 1.1(1.0-1.3) 1.0(0.9-1.2) 1.1(0.9-1.3)

*In diabetic patients.

Variables included in the models are listed in methods. In the analyses relating to control of cholesterol level, glucose level, and blood pressure,
models were also adjusted for respective related treatments.
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greater complexity of the management of hypertension and
diabetes, requiring strict and regular monitoring to tailor
treatment, could explain this finding. In both conditions, the
interactions between patients and physicians are probably
more complex and potentially less likely to be influenced by
a surgical procedure.!4-16

Antithrombotic therapy is the cornerstone of secondary
prevention after ischemic stroke or TIA. The proportion of
patients who did not receive any antithrombotic agent in the
REACH Registry (8%) was similar to that reported in
previous studies conducted in different countries and differ-
ent settings.>¢17:18 Although the generally large utilization of
statins observed in patients with a history of CE is somewhat
reassuring, our results also emphasize the underuse of this
class of drugs in the much larger group of atherothrombotic
stroke/TIA patients who do not have a history of CE. In fact,
the majority of patients with ischemic stroke or TIA should
be considered for statins regardless of their cholesterol
levels.!®

Although we consider our findings to be valid and con-
vincing, this study has some limitations. First, despite efforts
to ensure the inclusion of representative patients from every
participating country, this study was not a population-based
study. Moreover, patients with CE were mostly from North
America or Western Europe, which limits the generalizability
of the results. The proportion of patients who underwent CE
was lower in regions where the prevalence of large artery
disease is known to be low (ie, mainly Japan and Asia).
However, the prevalence of risk factors and the proportion of
patients who had CE was very close to that observed in
different stroke/TTA population-based studies,?°22 and trends
were the same across world regions. Second, as physicians
participating in the registry may have been more apt to
provide better care, we could have overestimated the use of
preventive strategies. Conversely, we were not able to deter-
mine whether undocumented contraindications to medica-
tions or economic limitations affected the lack of medication
use. However, these biases are unlikely to be related to
history of CE. Moreover, because patients included in this
registry were outpatients, they were unlikely to be severely
disabled or to have comorbidities that could have contraindi-
cated some treatments. Third, we used fasting blood glucose
instead of hemoglobin A, to evaluate glycemic control in
diabetic patients, which could have masked a relation with
CE. However, using 170 mg/dL as a threshold (ie, corre-
sponding to 7% of hemoglobin A,.)'* did not change our
findings (data not shown). Therefore, such an association
would have probably been small and irrelevant.

In conclusion, CE is associated with an increase in the use
of antiplatelet agents and statins in stroke/TTA patients. The
absence of a similar relation with blood pressure and blood
glucose control suggests that the individual determinants of
the quality of the medical secondary prevention after a stroke
or a TIA vary from one risk factor to another and from one
class of drugs to another. Finally, this better medical second-
ary prevention in CE patients should be taken into account in
the interpretation of the results of trials comparing carotid
surgery to medical treatment.
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