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and patient characteristics with development of contralat-
eral stenosis  ≥ 50% was assessed with univariate and multi-
variate analysis. Clinical outcome during follow-up was as-
sociated with development of new contralateral stenosis. 
 Results:  After a median follow-up time of 2.5 years, develop-
ment of contralateral stenosis was observed in 108 patients 
(20%). Presence of high collagen (p = 0.025) and high SMC 
(p = 0.027) was associated with development of new contra-
lateral stenosis, whereas large lipid core was negatively 
 associated with new development of contralateral stenosis 
(p = 0.034). The same plaque characteristics were related to 
contralateral occlusion. History of coronary artery disease 
(p = 0.031) and asymptomatic presentation (p = 0.000) were 
univariably associated with development of contralateral 
stenosis. Multiple regression analysis indicated that asymp-
tomatic status was independently associated with contralat-
eral stenosis (p = 0.001). Patients with new development of 
contralateral stenosis more often showed symptoms during 
follow-up (p = 0.049).  Conclusion:  Dissection of a lipid-poor, 
collagen-rich or SMC-rich plaque yielded an association with 
development of new contralateral stenosis during mid-term 
follow-up after CEA. Asymptomatic patients had a signifi-
cantly higher risk for development of contralateral stenosis. 
New contralateral stenosis was related to the presence of 
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 Abstract 

  Background:  Following carotid endarterectomy (CEA), cere-
brovascular hemodynamic may be hampered by ipsilateral 
restenosis or development of contralateral stenosis. It re-
mains to be clarified if these patients need follow-up for 
identifying development of contralateral stenosis. Identifi-
cation of risk factors contributing to development of contra-
lateral stenosis could allow more specific follow-up. In this 
current study, we assessed clinical risk factors and plaque 
characteristics of patients undergoing CEA with develop-
ment of new contralateral stenosis during mid-term follow-
up.  Methods:  Seven hundred and sixty patients undergoing 
CEA between 2003 and 2011 at UMC Utrecht were included. 
Atherosclerotic plaques were excised and analyzed for 
smooth muscle cells (SMCs), collagen, macrophages, lipid 
core, plaque hemorrhage and vessel density. Patients under-
went clinical and duplex ultrasound follow-up at 3 and 12 
months and yearly thereafter. Association between plaque- 
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new cerebral symptoms. These findings may help to develop 
individual treatment algorithms for patients with cerebro-
vascular atherosclerotic burden.  © 2016 The Author(s)

Published by S. Karger AG, Basel 

 Introduction 

 Carotid endarterectomy (CEA) reduces the risk of 
stroke for both symptomatic and subgroups of asymp-
tomatic patients with high-grade carotid artery stenosis 
 [1] . Nevertheless, this advantage may be attenuated by the 
development of restenosis. Restenosis is associated with a 
higher risk of recurrent symptoms, re-interventions and 
stroke and therefore hampers the benefit of CEA  [2] . In 
addition, following CEA patients are prone to develop 
atherosclerosis at other sites. Development of contralat-
eral stenosis is relatively common after CEA, exceeds the 
rate of ipsilateral restenosis, reduces the contralateral 
cerebrovascular reserve and may also affect clinical out-
come  [3–7] . It remains to be clarified if patients at risk for 
development of contralateral stenosis need follow-up 
and, if so, for what period of time. Risk factors that might 
contribute to the development of contralateral stenosis 
remain to be established  [1, 8] . Identifying patients at risk 
for developing contralateral stenosis would allow selec-
tive individualized follow-up after CEA. Next to clinical 
and demographic factors, it could be useful to establish 
which plaque characteristics are predictive for contralat-
eral stenosis development. Potentially, information de-
rived from the removed carotid atherosclerotic plaque in-
dividualizes treatment decisions by using non-invasive 
plaque imaging  [9] .

  Our objectives were to establish the incidence and risk 
factors – both clinically and based on plaque characteris-
tics – for development of new contralateral stenosis or 
occlusion in mid-term follow-up after CEA.

  Methods 

 Patient Population 
 All patients included in this study are part of the Athero-Ex-

press study. The design of this study has been described earlier 
 [10] . In summary, this is a longitudinal bio bank study comprising 
carotid plaques of patients undergoing a primary CEA and long-
term follow-up. The plaques are collected and subjected to histo-
logical examination. All patients undergoing CEA at the Univer-
sity Medical Center Utrecht (UMCU), The Netherlands, were 
asked to participate. For the present study, we examined available 
data from all carotid arteries operated in patients included in the 
Athero-Express biobank from June 2003 until September 2011. 

There were no exclusion criteria. Indications for CEA were re-
viewed by a multidisciplinary vascular team and were based on 
recommendations of the Asymptomatic Carotid Atherosclerosis 
Study and Asymptomatic Carotid Surgery Trial studies for asymp-
tomatic patients and the North American Symptomatic Carotid 
Endarterectomy Trial and European Carotid Surgery Trial studies 
for symptomatic patients  [3, 11, 12] .   This study was approved by 
the Institutional Review boards of the UMCU hospital. All patients 
provided informed consent. At baseline, patients completed a 
questionnaire regarding medication use, cardiovascular risk fac-
tors and medical history.

  Atherosclerotic Plaque Examination 
 CEA was performed by experienced vascular surgeons. Method 

of arterial closure was chosen by the surgeon and could be either 
primary or patch closure with Dacron, bovine or vein patch. The 
procedure remained the same during the inclusion period. The 
atherosclerotic plaque was immediately brought to the laboratory 
after removal during CEA. Plaque characteristics were scored by 2 
independent observers blinded for clinical outcome with a good 
intra-observer and inter-observer reproducibility  [9] . Scoring was 
analyzed in 2 categories (no/minor or moderate/heavy staining) 
for macrophages, smooth muscle cells (SMCs), calcification, col-
lagen and lipid core. Plaque hemorrhage and fibrin staining were 
defined as absent or present. Vessel density was binned in 2 groups 
(low and high), split by the median of this density. More extensive 
information about tissue collection, tissue processing and histo-
logical examination is described in earlier articles  [13, 14] .

  Duplex Follow-Up 
 A follow-up with duplex ultrasound took place at 3 and 12 

months after CEA and yearly thereafter. An IU22 ultrasound de-
vice from Philips Medical Systems (Eindhoven, The Netherlands) 
with linear transducer 9–3 MHz was used. The technicians who 
performed the duplexes were blinded for any data concerning this 
study. All the data regarding the duplex measurements were col-
lected retrospectively and any lost to follow-up were defined as 
missing data on all follow-up moments thereafter.

  Clinical Outcome 
 Clinical follow-up of patients was performed using annual 

questionnaires, from inclusion date until lost to follow-up (or lat-
est September 2013). Records of the patients in the electronic hos-
pital database were reviewed for cardiovascular end points. Stroke 
(both ipsilateral and contralateral) and death were recorded for 
this study. Outcomes were verified by 2 independent researchers.

  Definition of Endpoints 
 The primary end point of follow-up in this study was the new 

development of contralateral stenosis at any time point. Contralat-
eral stenosis is defined as occurrence of stenosis  ≥ 50% or occlu-
sion. In our database, stenosis was classified in the following cat-
egories, adopted from the MRC European Carotid Surgery Trial: 
no stenosis (0–29%), mild stenosis (30–49%), moderate stenosis 
(50–69%), severe stenosis (70–99%) and occlusion  [3, 15, 16] . This 
corresponds with the following peak systolic values (PSV): no ste-
nosis (150 cm/s), mild stenosis (150> PSV >210 cm/s), moderate 
stenosis (210> PSV >270 cm/s), severe stenosis (PSV >270 cm/s), 
subtotal occlusion (PSV <40 cm/s and severe plaque) and occlu-
sion (no flow).
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  Data Analysis 
 SPSS version 20.0 (SPSS Inc., Chicago, Ill., USA) was used for 

all statistical analyses. Cross tables (2 × 2) were constructed to cal-
culate the percentage of the development of contralateral stenosis 
for each baseline characteristic. The p value was calculated with the 
chi-square statistic. Continuous variables were analyzed using in-
dependent samples t tests. To adjust for potential confounders, we 
performed a multivariable logistic regression analysis. We as-
sumed a potential association for the clinical risk factors sex, age, 
hypertension, current smoking, diabetes, body mass index, acetyl-
salicylic acid and statin use, symptom status, type of patch used 
and year of operation  [14, 17] . Additionally, a factor was assumed 
to be a potential confounder if a p value of <0.25 was found in uni-
variate analysis with development of contralateral stenosis as out-
come. The survival free rate of development of contralateral steno-
sis was analyzed using Kaplan–Meier curves.

  Results 

 From 2003 until 2011, in total 811 primary CEAs were 
performed, of which 760 patients were included in this 
study. In total, 51 patients were excluded because no fol-
low-up was available (flowchart;  fig. 1 ).

  The mean age of the included patients was 69 years and 
30% were women. At the moment of inclusion, smoking 
was reported in 33%, diabetes mellitus in 23% and hyper-
tension in 74%. Clinical presentation was in 87% of the 
patients symptomatic, mostly comprising a transient 
ischemic attack (TIA). A majority of the patients used 
preoperative acetylsalicylic acid (82%) and statins (82%). 
Bilateral stenosis was found in 34% (138 of 401) of the 
patients, since they revealed a contralateral carotid steno-
sis of >50% at baseline DUS. Appendix 1 comprises the 
full baseline characteristics of all included patients.

  Clinical and Plaque Characteristics after Follow-Up 
 The median follow-up of the total cohort was 2.5 years 

(IQR 1.7–4.3). During this follow-up, 108 (20.3%) pa-
tients developed a new contralateral carotid stenosis of 
more than 50%. In 51 of these patients occlusion was de-
tected. Of the total cohort, 424 patients did not develop 
contralateral stenosis, 138 were excluded because of con-
tralateral stenosis at baseline and data were missing in 90 
patients. In the flowchart, those numbers are stated more 
clearly. Patients with a history of coronary artery disease 

Excluded for study analysis (n = 228)
Contralateral stenosis at baseline (n = 138)
 Data missing (n = 90)

811 CEA’s performed

760 CEA’s included in study

Development of contralateral
stenosis (n = 108)

No development of contralateral
stenosis (n = 424)

High grade stenosis (n = 57)
Occlusion (n = 51)

Excluded for study analysis (n = 51)
Death before 3 months (n = 20)
 Discharged to other hospital (n = 8)
Declined follow-up (n = 3)
Unknown reason (n = 20)

  Fig. 1.  Flowchart. 
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(CAD) more often showed development of contralateral 
stenosis (p = 0.031;  table 1 ). Development of contralat-
eral stenosis was also found significantly more often in 
patients who were asymptomatic at time of inclusion 
compared to those who were symptomatic (with TIA, 
amaurosis fugax or stroke). Other patient characteristics 
did not show a significant association with the develop-
ment of contralateral stenosis in our study population. 
Patients with an atherosclerotic plaque with a large lipid 
core showed significantly less development of contralat-
eral stenosis (18% of the patients with development of 
contralateral stenosis had a large lipid core vs. 28% of the 
patients with no stenosis, p = 0.034). High collagen and 
high SMC in the plaque were associated with more devel-

opment of contralateral stenosis (p = 0.025 and p = 0.027). 
Other plaque characteristics showed no correlation with 
development of contralateral stenosis in follow-up, which 
is shown in  figure 2 .

  As previously mentioned, in half of the patients with 
new contralateral atherosclerotic development, a contra-
lateral occlusion developed. Predicting clinical risk factors 
for development of a new contralateral occlusion were 
current smoking (47% in group with occlusion vs. 31% in 
group without, p = 0.023) and body mass index (p = 0.046). 
Besides that, asymptomatic patients significantly more of-
ten developed contralateral occlusion during follow-up 
(p = 0.000). Same plaque characteristics that were predict-
able for the development of contralateral stenosis were as-

Table 1. Characteristics of patients with and without contralateral stenosis or occlusion in follow-up

Patient characteristics Contralateral stenosis No stenosis p value Occlusion in FU No occlusion in FU p value

Female gender 27/108 (25) 142/424 (34) 0.091 11/51 (22) 158/481 (33) 0.100
Mean age 69 (9) 68 (10) 0.444 66 (9) 69 (10) 0.423
Current smoker 41/108 (38) 132/418 (32) 0.208 24/51 (47) 149/475 (31) 0.023*
Diabetes mellitus 25/108 (23) 88/424 (21) 0.587 14/51 (28) 99/481 (21) 0.254
Hypertension 79/106 (74) 307/420 (73) 0.765 38/51 (75) 348/475 (73) 0.848
Mean body mass index 26.5 (4) 26.4 (4) 0.285 27 (4) 26 (4) 0.046*
Hypercholesterolemia 70/96 (73) 278/395 (70) 0.624 34/46 (74) 314/445 (71) 0.634
History of CAD 42/108 (39) 119/422 (28) 0.031* 19/51 (37) 142/479 (30) 0.261
History of PI 15/108 (14) 80/421 (19) 0.217 10/51 (20) 85/478 (18) 0.747
Acetylsalicylic acid 88/108 (82) 350/421 (83) 0.685 43/51 (84) 395/478 (83) 0.763
Antiplatelet therapy 91/108 (84) 373/421 (87) 0.220 45/51 (88) 419/478 (88) 0.905
Statin use 97/109 (90) 347/422 (82) 0.056 47/51 (92) 397/479 (83) 0.088
Mean total cholesterol 4.2 (1.1) 4.6 (1.2) 0.339 4.2 (1.2) 4.6 (1.2) 0.787
High density lipoprotein 1.1 (0.36) 1.2 (0.51) 0.289 1.0 (0.27) 1.2 (0.51) 0.133
Low density lipoprotein 2.4 (0.89) 2.7 (0.99) 0.389 2.3 (0.99) 2.6 (0.98) 0.765
Triglycerides 1.6 (0.82) 1.6 (0.99) 0.378 1.7 (0.75) 1.6 (0.99) 0.198
Mean GFR, CG 72 (2.9) 73 (1.3) 0.114 81 (32) 72 (25) 0.104
Clinical presentation

Asymptomatic 24/108 (22) 40/420 (10) 0.000* 19/51 (37) 45/477 (9) 0.000*
Amourosis fugax 16/108 (15) 64/420 (15) 0.133 2/51 (4) 78/477 (16) 0.455
TIA 45/108 (42) 209/420 (50) 0.368 22/51 (43) 232/477 (49) 0.119
Stroke 23/108 (21) 107/420 (26) 0.913 8/51 (16) 122/477 (26) 0.019*

Type of closure
No patch, primary closure 5/107 (5) 28/418 (7) 0.441 1/50 (2) 32/475 (7) 0.18
Venous 69/107 (65) 273/418 (65) 0.873 35/50 (70) 307/475 (65) 0.449
Bovine 22/107 (21) 85/418 (20) 0.959 8/50 (16) 99/475 (21) 0.419
Dacron 11/107 (10) 32/418 (8) 0.377 6/50 (12) 37/475 (8) 0.302

Plaque characteristics
Moderate/high macrophages 47/104 (45) 209/412 (51) 0.313 28/49 (57) 232/467 (50) 0.320
Large lipid core 18/103 (18) 114/412 (28) 0.034* 6/49 (12) 126/466 (27) 0.024*
Moderate/high collagen 90/104 (87) 314/411 (76) 0.025* 44/49 (90) 360/466 (77) 0.042*
Plaque haemorrhage 57/103 (55) 221/412 (54) 0.757 27/49 (55) 251/466 (54) 0.868
High vessel density 47/89 (53) 180/376 (48) 0.402 23/40 (58) 204/425 (48) 0.250
Moderate/high SMC 82/104 (79) 279/412 (68) 0.027* 45/49 (92) 316/467 (68) 0.000*
Numbers in bold =  * p < 0.05. Continuous values are expressed as mean with SD, unless specified otherwise. Categorical values are 

expressed as n/total (%). PI = Peripheral intervention; GFR = glomerular filtration rate; CG = Cockcroft-Gault.
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sociated with the development of contralateral occlusion. 
In  table 1 , clinical risk factors and plaque-characteristics 
for both patient groups with and without development of 
contralateral stenosis and occlusion are reported.

  A multi-regression analysis to estimate the relation be-
tween development of contralateral stenosis and poten-
tial factors mentioned earlier plus the potential con-
founders found in univariate analysis, was performed un-
til only variables with p value <0.01 in the model were left. 
The potential confounders found in univariate analysis 
were history of CAD, history of peripheral intervention, 
glomerular filtration rate, large lipid core, high collagen 
and high SMC. After this analysis, only asymptomatic 
status before CEA turned out to be associated with devel-
opment of contralateral stenosis (p = 0.001), values for 
significance are showed in  table 2 .

  Progression of Baseline Stenosis 
 One hundred and thirty-eight patients showed a con-

tralateral stenosis at baseline and were therefore excluded 
from the initial study analysis, in which we only looked at 
new development of contralateral stenosis. Of these 138 
patients, 9 (34.6%) patients with a baseline moderate con-
tralateral stenosis progressed during follow-up into a se-
vere stenosis. Eight (14.5%) patients with baseline severe 
contralateral stenosis developed a (sub)total occlusion. 
Other patients already displayed a (sub)total occlusion at 
baseline. No plaque characteristics were correlated with 
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  Fig. 2.  Contralateral stenosis at mid-term follow-up by different plaque characteristics. 

Table 2. Multi-regression analysis of potential cofounders

Patient characteristics  Significance, p value

Female gender 0.311
Mean age 0.163
Current smoker 0.080
Diabetes mellitus 0.507
Hypertension 0.888
Mean body mass index 0.675
History of CAD 0.014
History of PI 0.135
Acetylsalicylic acid 0.255
Statin 0.090
Mean GFR, CG 0.871
Year of operation 0.930
Clinical presentation

Asymptomatic 0.001*
Stroke 0.455

Type of closure
No patch, primary closure 0.508
Bovine 0.704
Dacron 0.383

Plaque characteristics
Large lipid core 0.628
Moderate/high collagen 0.650
Moderate/high SMC 0.628

Adjusted R-square 0.040
F-test significance 0.009* p value <0.01 shows significance. PI = Peripheral interven-
tion; GFR = glomerular filtration rate; CG = Cockcroft-Gault. 
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progression of contralateral stenosis except for the pres-
ence of a high amount of SMCs for patients with 50–69% 
stenosis at baseline who progressed into a higher catego-
ry during follow-up (p = 0.046).

  Clinical Outcome 
 Clinical outcome was scored by looking at symptoms 

of TIA, stroke or amaurosis fugax that the patients showed 
during follow-up. Patients who developed new contralat-
eral stenosis during follow-up showed significantly more 
often symptoms than those who did not developed a con-
tralateral stenosis (14.3. vs. 6.6%, p = 0.049). 17.4% of the 
patients with contralateral stenosis at baseline showed 
symptoms during follow-up.

  During follow-up, 25.3% of the patients with baseline 
contralateral stenosis and 6.1% of patients with new devel-
oped contralateral stenosis underwent contralateral CEA.

  Survival Rates 
 Life table analysis showed a contralateral stenosis-free 

survival rate of 97% (n = 471), 89% (n = 408) and 79% (n = 
202), respectively, at 1, 2 and 3 years of follow-up. After 
8 years of follow-up, 34% of the patients did not have con-
tralateral stenosis (n = 12). Kaplan–Meier survival analysis 
showed the same survival rates ( fig. 3 ). The greatest risk for 
development of contralateral stenosis was between 6 and 
9 years of follow-up (hazard ratio 0.24) and median sur-
vival free time was 6 years. When patients were grouped 
as asymptomatic and symptomatic at inclusion, life table 

analysis demonstrated that asymptomatic patients display 
earlier and more often development of contralateral steno-
sis. The hazards ratio was 0.27 after 3 years in asymptom-
atic patients, and 0.26 after 6 years in symptomatic patients.

  Cumulative stroke-free survival for all included pa-
tients after 3 years of follow-up was 93% and after 9 years 
59%, with a median follow-up time of 8.2 years (95% CI 
7.8–8.5 years). Overall survival was 91% after both 3 and 
9 years, with and median follow-up time of 8.4 (95% CI 
8.1–8.6 years).

  Discussion 

 In this study, we aimed to explore the relation of clin-
ical risk factors and plaque characteristics with the new 
development of contralateral stenosis in the follow-up af-
ter CEA. We reported new development of contralateral 
stenosis after CEA in 1 of every 5 patients. This finding 
corresponds with findings in other studies  [8, 18, 19] .  
 New development of contralateral stenosis appeared after 
a median follow-up time of 2.5 years and approximately 
half of the developed stenosis was an occlusion.

  Further analysis showed that patients with a history of 
CAD are more likely to develop contralateral stenosis in 
follow-up. Patients who were asymptomatic at inclusion 
showed a significant correlation with the development of 
contralateral stenosis and occlusion. The association of 
asymptomatic presentation and new development of ste-
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nosis has previously been described for ipsilateral reste-
nosis  [14, 17] .

  Next, we showed that a small lipid core is significantly 
associated with new development of contralateral stenosis. 
Previous studies have reported a correlation between small 
lipid core and development of ipsilateral restenosis after 
CEA  [9, 10] .   The results of our study could therefore un-
derline that atherosclerosis is a generated disease of the vas-
cular system  [20, 21] , by showing risk factors for develop-
ment of stenosis of the carotid artery that are similar to risk 
factors for ipsilateral stenosis, as found in previous studies. 
However, preceding studies of our research group could 
not find any association between large lipid core in local 
plaques and the occurrence of systemic cardiovascular out-
comes. In contrast, local plaque hemorrhage was shown to 
be the single independent predictor of outcome  [13] .

  In this study, we found that plaques with high collagen 
or high SMCs were associated with more development of 
contralateral stenosis. Especially, SMCs are components 
of a stable plaque phenotype, characterized by less in-
flammation and lower lipid content  [22] . Earlier studies 
reported that removal of a stable atherosclerotic plaque 
gives more restenosis 1 year after follow-up  [9, 14] . In our 
study, removal of a stable plaque gives more contralateral 
stenosis, which suggests again that vascular disease is 
more extensive than only in the operated artery.

  Furthermore, previous studies showed that lesions in 
asymptomatic patients have a more stable atherosclerotic 
plaque composition with smaller lipid cores. Symptom-
atic patients, who have had a TIA or stroke, show more 
unstable carotid plaques, with high macrophage contents 
and larger lipid cores  [10] . In line with these studies, we 
found that asymptomatic patients more often had a stable 
plaque with a small lipid core and high SMC and also de-
veloped more often contralateral stenosis (data not shown). 
Summarizing, dissection of a stable atherosclerotic plaque 
with small lipid core and high content of SMCs increase 
the risk of new contralateral stenosis, as previously de-
scribed for the development of ipsilateral restenosis.

  In this study, the grade of stenosis was measured using 
duplex ultrasound-derived PSV values. It could therefore 
be possible that restenosis in the ipsilateral artery also 
leads to higher PSV values in the contralateral artery and 
is thus measured as contralateral stenosis  [23] . However, 
in half the cases of development of contralateral stenosis, 
an occlusion is reported, which is measured as no PSV 
flow. Therefore, our findings cannot completely be de-
clared with this assumption.

  Finally, based on the results of this study, it can be con-
sidered to include asymptomatic patients and patients 

with a stable atherosclerotic plaque in a more intensive 
and long-term follow-up scheme. It would be useful to 
construct a prediction model that predicts the risk for re-
stenosis and contralateral stenosis for each individual pa-
tient, since we showed that risk factors for contralateral 
stenosis are comparable to risk factors for ipsilateral re-
stenosis indicated in earlier studies. This would allow 
more tailored treatment and selective follow-up.

  Our study has several limitations. First, duplex ultra-
sound scanning is a technique with drawbacks. Measure-
ments can vary between different types of equipment, 
laboratories and observers. Equipment and laboratory 
have not changed during this study, but different techni-
cians have performed the measurements. This may result 
in intra-observer variability; however, we expect that this 
influence is negligible. Second, we defined contralateral 
stenosis as >50% with a PSV >210 cm/s, but cutoff values 
for a stenosis grade differ across studies and vascular lab-
oratories  [14] . This could lead to outcomes that would be 
assessed differently somewhere else.

  Conclusion 

 One in 5 patients develops new contralateral stenosis 
after CEA. Asymptomatic patients prior to CEA had a 
higher risk for developing contralateral stenosis. An ath-
erosclerotic plaque removed during CEA with a small lip-
id core, a high amount of SMCs and/or a high amount of 
collagen increases the risk of new development of contra-
lateral stenosis after CEA. New contralateral stenosis was 
related to the presence of new cerebral symptoms. Our 
study results may help to develop individual treatment 
algorithms based on clinical presentation and plaque 
characteristics for patients undergoing CEA.
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Characteristics Total cohort

Number of patients 760
Female gender 230/760 (30.3)
Mean age 69 (9.6)
Current smoker 247/751 (32.9)
Diabetes mellitus 171/760 (22.5)
Hypertension 558/750 (74.4)
Mean body mass index 26 (3.7)
Hypercholesterolemia 496/695 (71.4)
History of CAD 138/756 (18.3)
History of PI 239/757 (31.6)
Acetylsalicylic acid use 623/757 (82.3)
Antiplatelet use 656/757 (86.3)
Statin use 624/758 (82.3)
Mean total cholesterol 4.5 (1.3)
High density lipoprotein 1.2 (0.46)
Low density lipoprotein 2.6 (1.0)
Triglycerides 1.6 (1.0)
Mean GFR, CG 72 (25.6)
Clinical presentation

Asymptomatic 95/755 (12.6)
Amaurosis fugax 118/755 (15.6)

Characteristics Total cohort

TIA 360/755 (47.7)
Stroke 182/755 (24.1)

Type of closure
No patch, primary closure 62/748 (8.3)
Venous 478/748 (63.3)
Bovine 150/758 (20.1)
Dacron 58/748 (7.8)

Plaque characteristics
Moderate/high macrophages 383/743 (51.1)
Large lipid core 194/743 (26.1)
Moderate/high collagen 586/740 (79.1)
Plaque haemorrhage 413/741 (55.7)
High vessel density 329/677 (48.6)
Moderate/high SMC 516/742 (69.5)

 Continuous values are expressed as mean with SD, unless spec-
ified otherwise. Categorical values are expressed as n/total (%). 
PI  = Peripheral intervention; GFR  = glomerular filtration rate; 
CG = Cockcroft-Gault.

 Appendix 1

Baseline characteristics of the study population
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