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Abstract 

Background: Patients with high-grade (≥ 70%) carotid artery stenosis (CAS) rank in 

the highest risk category for future cardiovascular (CV) events, but the quality of 

cardiovascular risk management in this group is unknown. 

 

Design: Cross-sectional retrospective study. 

 

Methods: In all patients with high-grade CAS diagnosed in Östergötland county, 

Sweden between January 1st, 2009 and June 31st, 2012, data were collected regarding 

quality of cardiovascular risk management, co-morbidity and outcomes during 2-year 

follow-up after carotid ultrasound diagnosis of CAS. Patients were included regardless 

of whether they underwent carotid endarterectomy (CEA).   

 

Results: 393 CAS patients were included in the study, 133 (33.8%) underwent CEA 

and 260 (66.2%) were assigned to conservative management (CM). In both groups 

prescription of platelet inhibitors, statins and anti-hypertensives increased significantly 

(p < 0.001) after diagnosis, however treatment targets were not met in the majority of 

patients and LDL level was on target in only 13.5%. During follow-up LDL was not 

measured in 19.8% of CEA and 44.2% of CM patients (p < 0.001), HbA1c was not 

measured in 24.4% of diabetics (CEA) versus 18.8% (CM) (p = 0.560). There was no 
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documentation of counseling on diet, exercise, smoking cessation and adherence to 

medication. The combined clinical event rate (all-cause mortality, CV mortality and 

non-fatal CV events) was high in both groups (CEA: 36.8% versus CM: 36.9%, p = 

1.00) with no difference in ipsilateral ischemic stroke.   

 

Conclusions: In patients with high-grade CAS the clinical event rate is high and 

cardiovascular risk management is deficient in all aspects.  

 

 

Keywords  

high-grade carotid stenosis, cardiovascular risk management, cardiovascular disease, 

secondary prevention, atherosclerosis 
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Introduction 

According to current European guidelines on cardiovascular disease (CVD) prevention 

patients with high-grade (≥ 70%) carotid artery stenosis (CAS) rank in the "very high 

risk" category for future cardiovascular (CV) events 1. Prevention in high-grade CAS is 

focused on a single outcome, the reduction of (recurrent) ischemic stroke with an 

emphasis on carotid endarterectomy (CEA) surgery or stenting, antiplatelet therapy, 

lipid management and the treatment of hypertension 2. However, within current 

guidelines, the concept is well established that CVRM in very high risk patients should 

take a multi-facetted approach and combine pharmacological management of risk 

factors with lifestyle modification 1, 3. The quality of CVRM in patients with high-grade 

CAS is unknown and there is no information regarding their total CVD burden. We 

aimed to assess the quality of CVRM in patients with high-grade CAS under routine 

clinical care against the background of total CV risk and clinically manifest CVD at 

baseline together with clinical events during two-year follow-up. We studied all patients 

with high-grade CAS, since all are in need of CVRM regardless of whether they 

undergo CEA or not.  
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Methods 

The study was performed at the University Hospital of Linköping, in Östergötland 

county, Sweden, which has a population of 445 029. Since 2009 this county has 

universal implementation of a single type of electronic patient record (Cambio Cosmic, 

Cambio Healthcare Systems, Linköping, Sweden). Thus, all medical information on 

every patient is available at every point of care throughout the county. This includes all 

consultations and hospitalizations throughout the healthcare system, all diagnostic 

procedures, all therapeutic interventions and every medication that has been prescribed 

during the patient’s medical history. Taking advantage of this comprehensive medical 

documentation, we performed an observational, retrospective study of all patients who 

were diagnosed with high-grade CAS between January 1st, 2009 and July 31st, 2012. 

The study was approved by Linköping’s Institutional Review Board (record number 

2013/463-31). 

 

Patients  

All patients with high-grade CAS were considered for inclusion in the study regardless 

of whether they had undergone CEA. The decision to perform CEA was taken by the 

vascular surgeon, based on the severity of the CAS and overall clinical condition of the 

patient.  Patients were excluded if they had non-atherosclerotic carotid artery disease 

and/or were not available for follow-up because they resided outside Östergötland. 
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All duplex ultrasound investigations that were performed between January 1st, 

2009 and July 31st, 2012 were screened for patients with high-grade CAS. Stenosis 

severity was assessed by measuring peak systolic velocity (PSV) according to criteria 

established in the European Carotid Surgery Trial 4. Using these criteria, a PSV of ≥ 2.4 

m/s measured at an insonation angle ≤ 60° corresponds to a ≥ 70% stenosis and a PSV 

of 0.0 m/s indicates occlusion. Follow-up-time was two years for all patients, starting on 

the day that high-grade CAS was diagnosed.  

 

Study aims and measurements 

The primary aim of the study was to assess the number of patients who fulfilled 

treatment goals for secondary prevention at baseline, i.e. before the diagnosis of high-

grade CAS and during the first year after this diagnosis. The quality of CVRM was 

assessed in terms of prescribed medication, blood pressure, lipid and HbA1c levels, as 

well as documentation of counseling regarding smoking cessation, diet, and exercise. 

Treatment goals were set according to European Guidelines as published during the 

study period with blood pressure ≤ 140/90 mmHg, total cholesterol ≤ 5.0 mmol/L, LDL 

cholesterol ≤ 1.8 mmol/L, and HbA1c < 53 mmol/mol in diabetics 1. 

The secondary aim of the study was to place the quality of CVRM within the 

context of overall CV risk and clinically manifest CVD at baseline as well as clinical 

events during follow-up. To generate a CV risk-profile, we assessed for family history, 
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lipid values, smoking, overconsumption of alcohol, overweight, hypertension, diabetes 

mellitus, atrial fibrillation and renal failure. A BMI ≥ 25 was considered to indicate 

overweight and alcohol overconsumption was defined as consumption > 20g/day 

ethanol for men and > 10g/day ethanol for women 1. Renal failure was defined as stage 

≥ 4, i.e. glomerular filtration rate (GFR) < 30 mL/min/1.73m2 5. To assess total CVD 

burden we recorded clinically manifest ischemic heart disease (IHD) and lower 

extremity peripheral artery disease (PAD) at baseline. During two years after the 

diagnosis of high-grade CAS we recorded all-cause mortality, CV mortality and all non-

fatal CV events. 

Clinical characteristics including contra-indications to CEA, laboratory values, 

events and medication were recorded for each patient on dedicated case record forms. 

Definitions and classification of clinical events were established prior to the study 

(Suppl. Table 1). Treatment targets for CVD prevention were assessed during ≤ 1 year 

before and ≤ 1 year after diagnosis of high-grade CAS. 

 

Statistical analysis 

A database was created using SPSS Statistics 22 (International Business Machines 

Corporation, New York, NY, USA). Continuous variables were summarized as mean ± 

standard deviation (SD) for values with a normal distribution and as median or 

interquartile range (IQR) if the values were not normally distributed. 
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Differences between patients with and without CEA were tested with X2 (categorical 

variables), unpaired t test (continuous normally distributed variables) or Mann–Whitney 

U test (continuous skewed variables). A paired samples t test was used to compare 

laboratory values and blood pressure levels before and after diagnosis of CAS. 

All variables in the database (Suppl. Table 2) representing co-morbidities and risk 

factors were tested for correlation (Spearman bivariate correlation) to the combined 

endpoint of CV death and non-fatal CV events. A Cox proportional hazard analysis was 

then performed with 95% confidence intervals (CIs) for all variables with a significant 

correlation, and for age and gender. Age and gender were treated as categorical 

variables (age: > 75 years, or ≤ 75 years). If a patient had multiple events, the first was 

used in the analysis. Patients who died from non-CV causes as first event were excluded 

from the analysis to avoid competing endpoints.  

 

Results 

Baseline characteristics 

Between January 1st, 2009 and June 31st, 2012 a total of 7172 duplex ultrasound 

investigations were performed. These yielded 410 patients with high-grade CAS, 10 

patients were excluded because of non-atherosclerotic carotid artery disease and seven 

patients resided outside Östergötland. Thus, 393 patients were included in the study.  
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Table 1 summarizes the baseline characteristics, depicting an elderly population 

where the majority were men. For men the mean age was 73.7 ± 9.1 years and for women 

it was 74.0 ± 9.7 years (p < 0.01). In the majority, ultrasound was performed because of 

a cerebrovascular ischemic event (CVI) while a minority was referred for ultrasound 

because of a carotid bruit. Overall, the incidence of concomitant IHD was high with a 

significantly higher rate of IHD in those assigned to conservative management (CM). 

Regarding CEA, surgery was performed at a median of 4 (IQR 11) days after ultrasound. 

The contraindications for CEA surgery in the CM group are summarized in 

Supplementary Figure 1. Most prevalent were near-occlusion or occlusion of the artery 

(33.2%) and asymptomatic stenosis (50.0%). 

 

Quality of cardiovascular risk management 

The risk factors at the time of CAS diagnosis, and the extent to which relevant data for 

risk assessment and treatment planning were not obtained are shown in Supplemental 

Table 3. For 12.7% there was no documentation of smoking habits. The presence or 

absence of alcohol overconsumption was not recorded for 55.7%, the presence or 

absence of a BMI ≥ 25 was not documented for 36.4% of patients and information on 

family history was absent. 

 Table 2 summarizes the changes in prescriptions of medication, lipid levels, blood 

pressure and HbA1c levels before and after the diagnosis of high-grade CAS as well as 
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the number of patients in whom lipids, blood pressure and HbA1c were not measured 

either before, after or both. There were modest, but significant reductions in cholesterol, 

blood pressure and HbA1c levels after diagnosis of CAS. However, there was a 

substantial number of patients in whom these risk factors were not measured, both 

before and after diagnosis. 

Comparison of the CEA and CM groups showed that during the first year of 

follow-up LDL was not measured in 19.8% of CEA and 44.2% of CM patients (p < 

0.001), HbA1c was not measured in 24.4% of diabetics (CEA) versus 18.8% (CM) (p = 

0.560). The CM group had significantly lower blood pressure (systolic pressure CM 139 

± 19 mm Hg vs. CEA 144 ± 15 mm Hg, p < 0.05 and diastolic pressure CM 74 ± 9 mm 

Hg vs. CEA 77 ± 9 mm Hg, p < 0.05). There were no significant differences between 

the groups regarding lipid levels and HbA1c values after diagnosis. In both groups 

prescription of platelet inhibitors, anti-coagulants, anti-hypertensives and lipid lowering 

medications increased significantly. There was no documentation of adherence to 

medication or life style counseling. 

Figure 1 summarizes the extent to which lipid and blood pressure treatment 

targets were met as well as the change in prescription of lipid lowering, anti-platelet and 

anti-coagulant medication. Patients for whom lipid- or blood pressure values were not 

measured are classed as “not reaching target”. Despite a significant increase in 
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prescriptions for statins, there was only a non-significant 2.8% increase in patients in 

whom LDL level was on target after diagnosis of CAS from 10.7% to 13.5%.  

 

Mortality and non-fatal cardiovascular events during follow-up 

All-cause and CV mortality as well as non-fatal CV events are summarized in Figure 2. 

The over-all event rate within two years was high in both groups (CEA: 36.8% versus 

CM: 36.9%, p = 1.00).  

All-cause mortality, mortality from stroke and non-CV mortality were significantly 

higher in the CM group, but there was no difference in CV mortality that was not due to 

stroke (Fig. 2 A-D). Cancer and infections were the major non-cardiovascular causes of 

death (Suppl. Table 4). There were no differences between the groups regarding non-fatal 

CV events including recurrent ipsilateral stroke (Fig. 2E).  

Of those who experienced any CV event, the majority (68.3%) had one event, 

23.4% had two, 4.8% had three and 3.4% had four events. In the CEA group, eight 

patients (6% of CEA) had a complication directly related to CEA, most often infection in 

the operation wound or neurological damage, these were not included in the outcome-

analysis summarized above.  

The results of the Cox regression analysis are shown in Table 3. In multivariate 

analysis a symptomatic CAS and the presence of heart failure significantly increased the 

risk for the combined endpoint of CV death and non-fatal CV events. 
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Discussion 

To the best of our knowledge this is the first analysis of the quality of CVRM in patients 

with high-grade CAS. Despite the extremely high CVD burden and the high clinical 

event rate during follow-up every aspect of CVRM was deficient. Furthermore, the 

discrepancy between prescriptions of statins and the absence of significant 

improvements in target cholesterol levels suggests issues with dosing/titration of 

medication and/or problems with adherence to pharmacotherapy.    

The current data fit a pattern of suboptimal CVRM in patients with non-coronary 

CVD. For cerebral ischemia and PAD, CVRM is suboptimal across countries and 

regions 6-9 and it is implemented less frequently than for CAD 10, 11.  There are no 

previous studies on CVRM in CAS but in view of the systematic under-treatment of 

patients with other forms of non-coronary CVD, it is likely that our findings are not 

unique. 

The literature on secondary prevention in CAS places a strong emphasis on 

elaborating the indications for CEA and its efficacy in preventing stroke 2. 

Recommendations emphasize the need for “optimal medical therapy“ as an adjunct to 

any carotid revascularization, which should include antiplatelet therapy, statins and life 

style modification2. However, in the current study “optimal medical therapy“ was not 

realized. Moreover, it is unknown to what extent CVRM in patients with high-grade 

CAS can reduce CV events in other vascular beds.  
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Regarding the prevention of stroke, statins have shown efficacy in patients with 

CAS. The SPARCL trial, showed a 33% reduction in stroke risk for those with CAS and 

no heterogeneity in treatment effect between those with and without CAS 12. However, 

we show that in routine care, lipid treatment targets are met only in a minority of 

patients. This finding is also true for other high risk patients. A previous report on 

individuals with a PROCAM score > 20%, CVD or diabetes, showed that only 37% met 

lipid targets 13.  

The impact of lifestyle adaptations in patients with CAS is unknown. However, 

the literature on PAD and cerebral ischemia may apply to some extent to CAS.   

Smoking cessation has been shown to increase survival twofold in PAD 14. However, 

the effect may be heterogeneous by vascular bed  and therefore difficult to extrapolate 

to CAS 14. For alcohol there is a J-shaped association between intake and CVD risk 

including ischemic stroke. Moderate intake (1 drink/day for women, 2 drinks/day for 

men) is protective but heavier use increases risk 1, 2. Thus in CAS heavy drinking should 

be discouraged and light to moderate drinking may be reasonable. A Mediterranean diet 

is associated with reduced CV and all-cause mortality 1. Regarding secondary 

prevention of stroke however, there are no data on the effectiveness of specific diets 2. 

Thus the extent to which a Mediterranean diet offers protection in CAS especially 

regarding stroke remains to be established. Regular physical activity reduces CV 
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mortality, and may reduce stroke risk 1, 2. Therefore, disability from stroke should not 

deter from establishing a suitable exercise regimen in patients with CAS.  

The best manner in which to optimize CVRM for patients with high grade CAS is 

not known. However, structured CVRM programs such as offered to patients after 

myocardial infarction have been shown to be particularly important and cost-effective 1. 

The sustained contact offered in these programs has been proven effective in facilitating 

dose optimization of medication and promoting adherence 1. This may be especially 

beneficial for the patients documented here because of the discrepancy between statin 

prescriptions and attainment of cholesterol targets.  

The current study shows no difference in the recurrence of ipsilateral CVI 

between the CEA and CM group. However, the groups may not have been comparable 

regarding stroke risk. In the CM group 72% of patients had an asymptomatic CAS, 

which is associated with a lower stroke risk than symptomatic stenosis 15. On the other 

hand patients in the CM group had significantly more IHD which increases stroke risk 

threefold 16. CEA has a role in secondary prevention after a CVI but without effective 

CVRM the beneficial effect is likely to be only be partially realized.  

We acknowledge the limitations of the current study. The retrospective nature of 

the analysis constrained the assessment of a number of variables. Family history and 

adherence to medication were not recorded, we found gaps in the documentation of risk 

factors related to life style and there was no record showing that life style changes were 
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implemented. This does not necessarily mean that life style and adherence were not 

addressed, but data on these parameters might have been collected more successfully in 

a prospective study. The medical record is complete on all other aspects of care. We 

would argue therefore, that the current data represent a clinically relevant assessment of 

the quality of CVRM in patients with high grade CAS.  

 

 

Conclusion 

- Cardiovascular risk management in patients with high-grade CAS is deficient in 

all aspects. This is illustrated by a wide gap in prescription of preventive 

medication and the attainment of treatment targets. 

- Improved cardiovascular risk management in this group is mandated by the 

extremely high CVD risk as reflected both by the high CVD burden at baseline 

and a high incidence of clinical manifestations of polyvascular disease at 

baseline as well as during follow-up.  

- In view of the deficient cardiovascular risk management in this group, the 

clinical benefits of carotid endarterectomy might improve once it is 

accompanied by optimal cardiovascular risk management.   
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Figure 1. Prescription of medication and treatment targets before and after diagnosis of 

high-grade carotid artery stenosis. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

ASA, Acetyl salicylic acid; AVK, Anti-vitamin K drug; LDL, Low-density lipoprotein; BP, Blood 

pressure; CAS, Carotid artery stenosis. 

 

Percentages of patients who reached target goals ≤ one year before- and ≥ one year after diagnosis of high-

grade CAS. Patients without registered values are considered as not having met treatment targets. Pre-post 

differences were significant for prescription of ASA/AVK (p < 0.001) and lipid lowering drugs (p < 0.001), 
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systolic blood pressure on target (p < 0.005) and diastolic blood pressure on target (p < 0.05), but not for 

the number of patients on target for LDL (p = 0.286) and cholesterol (p = 0.775). 
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Table 1. Baseline characteristics. 

 
 CEA 

N = 133 
CM 

N = 260 p 

Gender, N (%)    

 Male  87 (65.4) 169 (65.0) 1.000 

 
Age     

 Age, mean (SD) 72.0 (9.5) 74.7 (9.1) < 0.01 

 
Location of plaque, N (%)    

 Right 58 (43.6) 124 (47.7) 0.640 

 Left 53 (39.8) 108 (41.5) 0.835 

 Bilateral 22 (16.5) 28 (10.8) 0.156 

 
Symptomatic Stenosis, N (%)    

 Yes 114 (85.7) 73 (28.1) < 0.001 

Severity of Stenosis, n (%)    

 70-89 % stenosis 124 (80.0) 140 (48.6) < 0.001 

 90-99 % stenosis 18 (11.6) 27 (9.3) 0.410 

 Occlusion 12 (7.7) 117 (40.6) < 0.001 

 Data not available 1 (0.7) 4 (1.5) 0.515 

CT scan of the brain, N (%)    

 At time of diagnosis 114 (85.7) 214 (82.3) 0.797 

 With signs of chronic ischemia  30 (26.3) 69 (32.2) 0.411 

 With signs of previous silent infarction 35 (30.7) 67 (31.3) 1.000 
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CEA, Carotid Endarterectomy; CM, Conservative Management, N, Number of patients; n, number of 

plaques; CT, Computer Tomography; CVI, Cerebrovascular Ischemic event. 

 

Baseline characteristics of the patients at time of diagnosis of high-grade carotid stenosis divided in two 

groups: those who underwent carotid endarterectomy versus those who received conservative 

management. Data for CT scans with chronic ischemia and previous silent infarction are expressed as 

percentage of all patients who underwent a CT scan at the time of diagnosis, not as a percentage of the 

population as a whole.  

Reason for carotid ultrasound, N (%) 

 CVI 92 (69.2) 156 (60.0) 0.400 

 Suspicion of CVI 16 (12.0) 24 (9.2) 0.435 

 Non-specific/non-focal neurologic 
symptoms 6 (4.5) 21 (8.1) 0.215 

 Carotid bruit 5 (3.8) 17 (6.5) 0.282 

 Other reasons 14 (10.5) 42 (16.2) 0.187 

Comorbidities, N (%)    

 Previous CVI 121 (91.0) 209 (80.4) 0.428 

 Ischemic heart disease 41 (30.8) 135 (51.9) < 0.05 

 Peripheral vascular disease 20 (15.0) 52 (20.0) 0.314 

 Diabetes mellitus 41 (30.8) 85 (32.7) 0.787 

 Renal failure 5 (3.8) 19 (7.3) 0.189 

 Atrial fibrillation 23 (17.3) 63 (24.2) 0.203 
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Table 2. Lipid levels, blood pressure, glycaemic control and medication before and after diagnosis of high-grade carotid artery stenosis 

 
 
 

   Medication and Measurements  Patients, N (%), not measured 

 
 

 Before After 
Patients, N (%)  

B-A  
p  Before After p 

 Cholesterol, mean ± SD         

  TC (mmol/L) 5.07 ± 1.38 4.35 ± 1.03 157 (39.9) < 0.001  104 (26.5) 187 (47.6) < 0.001 

  HDL (mmol/L) 1.25 ± 0.35 1.25 ± 0.35 130 (33.1) 0.935  136 (34.6) 211 (53.7) < 0.001 

  LDL (mmol/L) 3.07 ± 1.19 2.27 ± 0.85 122 (31.0) < 0.001  136 (34.6) 218 (55.5) < 0.001 

 Blood pressure, mean ± SD         

  Systolic (mm Hg) 148 ± 20.4 140 ± 18.1 308 (78.4) < 0.001  66 (16.8) 22 (5.6) < 0.001 

  Diastolic (mm Hg) 77 ± 9.73 75 ± 8.9 306 (77.9) < 0.001  67 (17.0) 23 (5.9) < 0.001 

 Glycemic control, median ± IQR        

  HbA1c (mmol/mol) 54.0 ± 17.0 52.0 ± 15.0 87 (69.0) < 0.001  29 (23.2) 26 (20.8) < 0.001 
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Prescriptions, N (%) 

    

 

   

  Any platelet inhibitor 229 (58.3) 329 (83.7) n.a. < 0.001     

  Any anticoagulant 43 (10.9) 67 (17.0) n.a. < 0.001     

  Any antihypertensive 294 (74.8) 342 (87.0) n.a. < 0.001     

  Any lipid lowering med. 219 (55.7) 337 (85.8) n.a. < 0.001     

           

 
 
N, Number of patients;  B-A, Number of patients who had at least one measurement before and after diagnosis; SD, Standard deviation; TC, Total cholesterol; 

HDL, High-density lipoprotein; LDL, Low-density lipoprotein; IQR, Inter quartile range; med, medication; n.a., Not applicable. 

 

Risk factor levels and prescriptions in those with at least one measurement ≤ 1 year before the diagnosis of high-grade carotid artery stenosis and one 

measurement ≤ 1 year after diagnosis. Also shown is the number of patients in whom these measurements were not performed during these time frames. HbA1c-

levels are measured only for patients with diabetes mellitus. A diagnosis of diabetes was present in 126 patients (32.1%). Before-after measurements not 

applicable to prescriptions because of the nominal nature of these data, patients either had a prescription or not.
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Table 3. Univariate and multivariate Cox regression analysis for the combined endpoint of cardiovascular death and non-

fatal cardiovascular events.  

Variables Univariate analysis RR (95% CI) p Multivariate analysis RR (95% CI) p 

     

Age >75 1,129 (0,795 - 1,604) 0,498 1,023 (0,704 - 1,488) 0,905 

Male 0,76 (0,678 - 1,407) 0,898 0,931 (0,643 - 1,350) 0,707 

Carotid Endarterectomy 1,127 (0,784 - 1,621) 0,519 0,945 (0,606 - 1,473) 0,803 

Diabetes mellitus 1,1416 (0,986 - 2,034) 0,060 1,163 (0,798 - 1,696) 0,433 

Ischemic heart disease 1,743 (1,225 - 2,480) < 0,01 1,434 (0,940 - 2,189) 0,094 

Peripheral vascular disease 1,602 (1,072 - 2,395) < 0,05 1,484 (0,967 - 2,277) 0,071 

Kidney failure 1,729 (0,931 - 3,211) 0,083 0,825 (0,419 - 1,626) 0,579 

Heart failure 2,596 (1,749 - 3,854) < 0,001 1,806 (1,052 - 3,100) < 0,05 

Atrial fibrillation 1,999 (1,375 - 2,904) < 0,001 1,371 (0,873 - 2,153) 0,171 

Symptomatic stenosis 1,574 (1,105 - 2,240) < 0,05 1,868 (1,213 - 2,876) < 0,01 

 

RR, Relative risk; CI, Confidence interval. 
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All variables in our database were analysed for correlation to outcome. The patients who died from non-cardiovascular causes were 

excluded from the regression analysis to avoid competing endpoints. This Cox regression analysis includes all variables with a significant 

p-value, and age and gender, which were treated as categorical parameters (age: > 75 years, or ≤ 75 years). 

 



Figure 2. Clinical outcome in patients with high grade carotid artery stenosis.  
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CEA, Carotid endarterectomy; CM, Conservative management. IS, Ischemic stroke; TIA, Transient ischemic attack; MI, Myocardial infarction; PEA, Peripheral endarterectomy. 
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Kaplan Meier function of event free survival (A-C) and distribution of events between those who underwent carotid endarterectomy and those who were managed conservatively (D-E). For 

panels B and C, patients with non-cardiovascular events were censored to avoid competing risks, showing data for the remaining 376 patients. (A) Survival free from all-cause death. (B) 

Survival free from cardiovascular death. (C) Survival free from non-fatal cardiovascular events. (D) Distribution of all-cause mortality, mortality from stroke, cardiovascular mortality not due 

to stroke and non-cardiovascular mortality. (E) Non-fatal cardiovascular events, two-year follow-up (p > 0.05 for all comparisons). 



Supplemental Table 1. Definitions  

Variables Definition 

Cerebral events   

 Ischemic stroke  Focal clinical signs of central nervous system dysfunction of vascular 

origin persisting ≥ 24 hours  

 Hemorrhagic stroke Focal clinical signs of central nervous system dysfunction of vascular 

origin persisting ≥ 24 hours with CT and/or MRI scan showing intra-

cerebral hemorrhage 

 TIA or amaurosis fugax Central nervous system dysfunction or visual impairment lasting < 24 

hours 

 

Cardiac events 

  

 Myocardial infarction New diagnosis of STEMI or NSTEMI  

 New onset angina pectoris a) New diagnosis b) History of chest pain and newly introduced anti-

anginal medication c) History of chest pain and an exercise test positive 

for cardiac ischemia. Does not apply if the patient was diagnosed with 

angina and/or already was treated with anti-anginal medication prior to 

study entry 



 

 

CT, Computer tomography; MRI, Magnetic resonance imaging; TIA, Transient ischemic attack; STEMI, 

ST-segment elevation myocardial infarction; NSTEMI, Non-ST-segment elevation myocardial infarction; 

CABG, Coronary artery bypass graft; PCI, Percutaneous coronary intervention; TEA, Thromb-

endarterectomy. 

 New onset heart failure New diagnosis of congestive heart failure (CHF) or an echocardiogram 

with evidence of such. This does not apply if the patient was diagnosed 

with CHF prior to study entry 

Peripheral events   

 

 

Lower extremity TEA/or bypass 

grafting 

Vascular surgery including thromb-endarterectomy (TEA), ilio-tibial 

bypass, other lower extremity graft or stent implantation 

 New carotid revascularization Carotid revascularization (surgery or stent) during follow-up 

 

Death  All deaths, separated into cardiovascular and non-cardiovascular deaths 

 

Comorbidities   

 Hypertension a) Hypertension documented as a diagnosis in the medical record  

b) Prescription of  anti-hypertensive medication where no heart condition 

could explain the prescription 

 Diabetes a) Diabetes mellitus documented as a diagnosis in the patient’s medical 

record b) Prescription of anti-diabetic medication 

 



 

For a variable to be registered in the current study, it had to be documented as a diagnosis in the medical 

record. The only exceptions to this were hypertension and diabetes mellitus, see definitions above.   



Supplemental Table 2. Variables tested for correlation to outcome.  

Variables Correlation Coefficient (p) 

Gender -0.17 (0.742) 

Age 0.055 (0.273) 

Age over 75 0.033 (0.508) 

Previous cerebrovascular accident 0.083 (0.100) 

Signs of chronic ischemia on computer tomography 0.065 (0.241) 

Symptomatic high-grade carotid stenosis 0.111 (< 0.05) 

Endarterectomy -0.001 (0.990) 

Health care facility where diagnosis was made -0.057 (0.263) 

Hypertension 0.064 (0.204) 

Systolic blood pressure on target before diagnosis 0.069 (0.213) 

Diastolic blood pressure on target before diagnosis 0.019 (0.736) 

Ischemic heart disease  0.184 (< 0.001) 

Periperal artery disease 0.109 (< 0.05) 

Diabetes 0.096 (0.057) 

Renal failure 0.140 (< 0.01) 

Atrial fibrillation 0.179 (< 0.001) 

Obesitas 0.093 (0.124) 

Body mass index 0.100 (0.114) 

Overconsumption of alcohol 0.019 (0.803) 

Smoking -0.049 (0.364) 

Cancer 0.052 (0.301) 

Metastatic cancer 0.079 (0.117) 

Chronic obstructive pulmonary disease 0.075 (0.136) 

Heart failure 0.255 (< 0.001) 

Dementia 0.003 (0.948) 

Connective tissue disease -0.050 (0.318) 

Previous peptic ulcer 0.044 (0.388) 



Hemiplegia 0.004 (0.935) 

These variables were analyzed with a Spearman bivariate correlation test for significant correlation to the 

combined endpoint of all cardiovascular events and mortality as well as for inter-correlation.  

Inter-correlation among the significant variables: Symptomatic stenosis is negatively correlated to 

ischemic heart disease. Ischemic heart disease is positively correlated to peripheral artery disease, renal 

failure, atrial fibrillation and heart failure. Atrial fibrillation is positively correlated to heart failure.  



Supplemental Table 3. Risk factors at the time of diagnosis of high-grade carotid 

stenosis.  

 Patients, N (%) Patients, N (%) Patients, N (%) 

Risk factors at baseline Yes No Not measured/ 
recorded 

    

TC ≥ 5.0 mmol/L 130 (33.1) 159 (40.5) 104 (26.5) 

LDL ≥ 1.8 mmol/L 223 (56.7) 34 (8.7) 136 (34.6) 

Current smoking 100 (25.4) 243 (61.9) 50 (12.7) 

Alcohol overconsumption 19 (4.8) 155 (39.2) 219 (55.7) 

BMI ≥ 25 156 (39.7) 94 (23.9) 143 (36.4) 

Hypertension 337 (85.8) 56 (14.2) - 

Diabetes mellitus 126 (32.1) 267 (67.9) - 

 

N, Number of patients; TC, Total cholesterol; LDL, Low-density lipoprotein; BMI, Body mass index. 

 

Risk factors at the time of diagnosis of high grade carotid artery stenosis, based on measurements and 

documentation in the medical record during the year prior to the diagnosis. 

  



Supplemental Table 4. Non-cardiovascular mortality  

 Age Gender CEA 

Respiratory insufficiency 
 

81 Male No 

 Breast cancer 86 Female No 

Upper GI bleeding due to pancreatic cancer 
 

63 Male No 

Not specified, forensic autopsy 
 

68 Male Yes 

Colon cancer and metastatic prostate cancer 
 

62 Male No 

Pneumonia 
 

81 Male No 

Generalized malignancy 
 

81 Male No 

Metastatic penile carcinoma 
 

65 Male No 

Breast cancer 
 

69 Female No 

Septic shock  
 

74 Male No 

Metastatic pancreas cancer 
 

72 Male No 

Renal failure 
 

84 Male No 

Cancer in urinary bladder 
 

70 Male No 

Gangrenous infection 
 

81 Female Yes 

 Not specified 84 Male No 

Upper GI hemorrhage, circulatory shock  
 

72 Male No 

 Cause of death listed as confidential 89 Male No 

 

GI, gastro-intestinal.  



Supplemental Figure 1. Contraindications for surgery in those patients who were managed conservatively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contraindications for surgery in the conservative treatment group. The pie chart illustrates the distribution of the contraindications. The bar chart specifies 

the reasons to forego surgery in the category ‘other contraindication’. 
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