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Introduction 

Stroke is the leading cause of long-term disability in the western world with a significant 
proportion attributable to carotid artery stenosis.1 Despite the decline in stroke mortality over 
time, the burden of stroke disability has major socio-economic consequences and will be an 
increasing public health priority.2 This thesis focuses on the prevention of stroke or death due to 
carotid artery stenosis. 
Carotid artery stenosis is usually caused by atherosclerosis, a systematic chronic inflammatory 
disease of the vessel wall in mainly medium and large sized arteries. Early lesions are initiated 
by intimal accumulation of lipoprotein particles and may remain asymptomatic for many years.3 
As the plaque continues to grow it expands in the arterial lumen and causes narrowing, or 
stenosis. Thrombus formation and plaque disruption contribute to progressive stenosis of the 
lumen and clinical symptoms. Symptoms that arise from the atherosclerotic carotid artery 
include cerebrovascular events such as transient ischemic attack (TIA) or ischemic stroke. Most 
extracranial atherosclerotic lesions develop in the internal carotid arteries at the level of the 
bifurcation.4 

Carotid artery revascularization. Carotid endarterectomy (CEA), practiced since the 1950s, is 
an effective and durable revascularization procedure that consists of surgically removing the 
plaque that causes the stenosis. CEA eliminates a source of emboli, increases cerebral blood 
flow and prevents the progression of the stenosis. CEA compared to medically treated patients 
reduces future stroke in symptomatic patients with severe stenosis by more than half,

 
despite 

the risk of stroke associated with surgery.5,6 Also, for patients with moderate stenosis in the 
absence of neurological symptoms, CEA has been proven to be beneficial over best medical 
treatment, although the magnitude of benefit was considerably smaller than in symptomatic 
patients.7,8  Over the past two decades, endovascular carotid artery stenting (CAS) has emerged 
as a less invasive alternative to CEA for the treatment of severe carotid artery stenosis. CAS has 
the potential advantages of a minimally invasive revascularization procedure, such as avoiding 
local surgical complications, reducing the risks of general anesthesia, and shortening hospital 
stay. Yet, CAS does not remove the atherosclerotic plaque, and may therefore be less durable than 
CEA. Independent of the use of embolic protection devices, CAS yields higher procedural stroke 
rates compared to CEA.9,10 

Treatment strategy. The effectiveness of CEA over medical management for stroke prevention 
in patients with severe carotid artery disease has been extensively studied and has been widely 
adopted by clinicians. Yet, improvements in medical therapy and the addition of CAS to the 
surgical armamentarium has presented new patient selection challenges.11 Currently, the CEA 
versus CAS comparison is a nuanced one requiring fine distinctions. Among an average risk 
population, CEA seems to exhibit lower rates of perioperative stroke and ‘stroke or death’ than 
CAS. On the other hand, CEA has increased risk for periprocedural cranial nerve injury (CNI) as 
well as myocardial infarction (MI).10,12,13 Choosing a treatment strategy requires patient specific 
information regarding periprocedural risk of mortality and morbidity events. Preoperative 
symptom status has been shown to be one of the strongest predictors for postoperative outcome 
for both CAS and CEA.14,15 A wide range of other patient related factors seem to influence 
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outcome, including demographics (gender, age and race), risk factors for vascular disease (e.g. 
hypertension, hypercholesterolemia, diabetes and smoking) and anatomical characteristics 
of the lesion (e.g. degree of stenosis, status of the contralateral carotid artery).16 In addition, 
procedural variables (shunt use, practitioners’ experience)17 and histopathological factors of the 
carotid plaque itself seem to affect outcome.18 

Rationale of this thesis

There has been significant effort to define the optimal treatment choices for individual patients. 
Critical in all discussions of procedural risk determination are the considerations of a subset 
of patients deemed ‘high-risk’ for surgery.19,20 Patients with unfavorable anatomical features 
or medical comorbidities are usually considered as a high-risk group for CEA (Table).21 The 
anticipated outcome of this subset of patients is poorer than their healthier counterparts, and 
therefore CAS is often proposed as an alternative, or even beneficial, treatment modality. While 
several high-risk criteria were used to enroll patients in CAS registries22,23, the ability of these 
criteria to truly define high-risk remains unknown. Further, there is no clear evidence suggesting 
that the adverse event risk in these patients following CAS is lower than that of CEA.24 Current 
guidelines from independent international organizations define ‘high-risk’ patients slightly 
differently and advocate different approaches to treatment.25 Most studies were not able to report 
on outcomes stratified for the various subgroups among high-risk patients, since the vast majority 
were single center reports limited by small sample size. The larger registries and administrative 
databases may provide insight to these questions, but are often limited by the lack of detailed 
information on the particular high-risk variables.26 In this thesis we sought to elucidate the 
concept of ‘high-risk’ and its impact on outcome. The main objective was to identify the optimal 
treatment strategy for the individual patient at ‘high-risk’ for carotid endarterectomy in the era 
of carotid stenting. Extensive research on the impact of particularly anatomical risk factors on 
outcome has been performed in order to identify the risks and benefits associated with different 
treatment modalities. In the search for the optimal treatment strategy, we consulted all available 
prospectively collected, non-randomized data. While a randomized study design may have been 
ideal to answer these questions; this is not feasible because of the small number of patients within 
the  ‘high-risk’ subgroups, incombination with the low incidence of adverse events. Therefore, 
we critically assessed the consequences that were associated with carotid comparative analyses 
and risk stratification conducted in (large) datasets.

Outline of this thesis 

This thesis is divided into three parts. 
In part one we assessed two purported anatomic ‘high-risk’ factors, namely previous cervical 
radiation therapy and previous ipsilateral CEA. These factors have been identified as anatomical 
high-risk factors because they may result in a more difficult operation with subsequent less 
favorable outcome. We conducted a systematic review and meta-analysis of the current 
literature to identify all patients with a history of cervical radiation therapy that were treated 
for carotid artery disease. We did not find any differences in stroke rate between CAS and CEA. 
However, patients undergoing CEA were more likely to have cranial nerve injury, and patients 
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undergoing CAS had more restenosis (Chapter 1). In our own institutional carotid registry, we 
identified histological carotid plaque characteristics associated with radiation injury and showed 
a more stable plaque compared to the atherosclerotic plaque, which may account for the higher 
incidence of restenosis among these patients (Chapter 2). Chapter 3 and 4 involved comparative 
analyses between CAS and CEA among patients who underwent revascularization for restenosis 
after prior ipsilateral CEA. While the risk of re-intervention was significantly increased compared 
to primary procedures, no differences in outcome were identified between CAS and CEA for both 
symptomatic and asymptomatic patients. 
In part two we sought to identify the ‘high risk’ patient for carotid revascularization, among the 
‘normal’ risk population. In chapter 5 we assessed which anatomic or medical patient factors (as 
defined by the Centers for Medicaid and Medicare) may contribute to an increased stroke risk 
following CEA and/or CAS.  In chapter 6 we investigated whether the status of the contralateral 
artery impacts perioperative outcome in carotid revascularization procedures. We found that 
only certain patients were at increased risk due to contralateral artery stenosis or occlusion, 
depending on their degree of ipsilateral stenosis and symptom status. In chapter 7 we assessed 
the clinical impact of CNI following CEA. While CNI may be seen as a disadvantage for CEA, 
we found the vast majority of lesions were transient. Contrary to prior work, we found that redo-
CEA or prior cervical radiation therapy were not associated with increased risk for cranial nerve 
injury.
In part three we took a closer look at the consequences of research in large databases, specifically 
focusing on outcome analyses for carotid revascularization in frequently used databases.  Chapter 
8 addressed the need for reporting and comparing 30-day outcomes after revascularization, since 
more than 30% of events appear to occur after hospital discharge. In chapter 9 we showed the 
inability of state inpatient databases and the Nationwide Inpatient Sample to compare morbidity 
after revascularization procedures, despite the introduction of a present on admission indicator.   
We concluded this thesis with a general discussion and Dutch summary of our findings. 

Table: Definition of ‘high risk’, adapted from the Centers for Medicare & Medicaid Services27

Patients at high risk for CEA are defined as having significant comorbidities and/or anatomic risk factors (i.e., 

recurrent stenosis and/or previous radical neck dissection), and would be poor candidates for CEA in the 

opinion of a surgeon. Significant comorbid conditions include but are not limited to:

Medical risk factors 

Congestive heart failure (CHF) class III/IV;

Left ventricular ejection fraction (LVEF) < 30%;

Unstable angina;

Recent myocardial infarction (MI);

Anatomic risk factors

Contralateral carotid occlusion;

Previous CEA with recurrent stenosis;

Prior radiation treatment to the neck; and

other conditions that were used to determine patients at high-risk for CEA in the prior carotid artery stenting 

trials and studies.
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Carotid stenting versus endarterectomy in the impaired neck
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ABSTRACT
Background and Purpose. Patients with both carotid stenosis and previously cervical radiation 
therapy (XRT) are considered ‘high-risk’ for carotid endarterectomy (CEA). Carotid angioplasty 
and stenting (CAS) seems a reasonable alternative, but neither the operative risk for CEA, nor the 
effectiveness of CAS has been proven. The purpose of this study is to evaluate perioperative and 
long-term outcome of both procedures in patients with XRT.

Methods. A systematic search strategy with the synonyms ‘carotid artery stenosis’ and ‘cervical 
irradiation’ was conducted in MEDLINE and EMBASE databases. To provide and compare 
estimates of outcomes, pooled and meta-regression analysis were performed.

Results. 27 Articles comprising 533 XRT patients (361 CAS and 172 CEA) fulfilled our inclusion 
criteria. Pooled analysis showed perioperative risk for ‘any cerebrovascular adverse event’ (CVE) 
of 3.9 % (95% Confidence Interval (CI) 2.3 – 6.7%) in CAS studies, against 3.5 % (95% CI 
1.5 – 8.0%) in CEA studies (p = 0.77). Risk for cranial nerve injury (CNI) following CEA was 
9.2% (95% CI 3.7 – 21.1%), versus none after CAS. Late outcome showed rates of CVE favoring 
CEA (p = 0.014). Rate of restenosis > 50% was significantly higher in patients treated with CAS 
procedure compared to CEA (p < 0.005).

Conclusion. Both CAS and CEA proved to be feasible revascularization techniques with low risk 
for cerebrovascular adverse events. Although CEA patients suffered from more temporary CNI, 
higher rates of late CVE and restenosis were identified after CAS.
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INTRODUCTION
The gold standard for treatment of symptomatic severe carotid stenosis is carotid endarterectomy 
(CEA), over medical treatment and carotid angioplasty and stenting (CAS). However, CAS has 
been proposed as the minimal invasive alternative for patients considered to be ‘high-risk’ for 
periprocedural events during CEA.1-3 ‘High-risk’ is generally defined as anatomical or clinical 
factors that increase the risk of complications with surgery, ranging from stroke to peripheral nerve 
injury.4 Several studies have been performed in these so-called ‘high-risk’ patients to evaluate 
safety and durability of CAS.1, 2, 5-7 Despite favorable results on these aspects, generalizability is 
limited because no stratification was made within this group for the various different subgroups 
due to small patient populations.8 Previous cervical radiation therapy is one assumed anatomical 
risk factor, resulting in a ‘hostile’ neck supposedly leading to technically more challenging 
surgery.9 Reported causative factors include absent tissue planes in the diseased vessel wall and 
poor tissue healing through radiation-induced fibrosis. Whether these arguments are sufficiently 
valid to consider a previously irradiated patient (XRT) as a high-risk patient for surgery is 
questionable. After all, the concept of ‘high-risk’ remains confusing and should only be applied 
in the meaning of ‘high-risk for adverse events in terms of periprocedural TIA or stroke’. 
Patients with prior XRT form a small but important subgroup of the potential patients considered 
for either CEA or CAS, since radiation therapy seems to accelerate the development of severe 
stenosis, leading to an increased risk of stroke.10 However, the optimal treatment strategy is not 
yet established, since no study to date has adequately assessed medical treatment options in 
primary and secondary stroke prevention in these patients.11 In the present study, we reviewed 
current literature to investigate periprocedural and long-term outcome of CAS and CEA in 
patients with carotid stenosis and previous cervical radiation therapy.

Figure Flowchart of search strategy
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MATERIAL AND METHODS 
The search strategy and collection of data in this study were performed according to the guidelines 
of MOOSE (Meta-analyses of observational studies in epidemiology).12

Search strategy. MEDLINE and EMBASE databases were searched on the 17th of October 2011, 
using the combination of synonyms for ‘carotid artery stenosis’ and ‘cervical irradiation’ to 
include all possible eligible studies. No restrictions or filters were applied. Additional studies 
were identified by searching the reference list of relevant studies. Studies published in books 
or abstracts of major meetings were searched using the search function on portable document 
formats. Final search queries are shown in Table I. A flowchart of the applied search strategy and 
selection process is summarized in Figure I.

Study selection. First, all duplicate articles were removed manually. Second, all citations were 
independently screened by two authors (MF and AGH), using predefined selection criteria. 
Inclusion criteria were: 1) Presenting data about XRT patients with carotid stenosis undergoing 
CEA and/or CAS, and 2) Reporting at least one relevant outcome measurement. Subsequently, 
the included articles were read full text and excluded if one of the following criteria were 
applicable: 1) Not meeting inclusion criteria; 2) Unsuitable study design (case report, review); 
3) Articles under review. In case of disagreement regarding selection a third observer (GJB) was 
consulted to get consensus.

Table I Search queries

MEDLINE: 
((carotid*[tiab] OR extracranial[tiab]) AND (artery[tiab] OR vessel[tiab] OR bifurcation[tiab]) 
AND (stenosis[tiab] OR atherosis[tiab] OR disease[tiab]) OR “carotid stenosis”[tiab] OR 
“carotid atherosclerosis”[tiab]) AND ((neck[tiab] OR cervical[tiab] OR head and neck[tiab]) 
AND ((irradiation[tiab] OR radiation[tiab] OR radiotherapy[tiab])

EMBASE: 
(carotid*:ab,ti OR extracranial:ab,ti AND (artery:ab,ti OR vessel:ab,ti OR bifurcation:ab,ti) 
AND (stenosis:ab,ti OR atherosis:ab,ti OR disease:ab,ti) OR ‘carotid stenosis’:ab,ti OR ‘carotid 
atherosclerosis’:ab,ti)
AND (neck:ti,ab OR cervical:ti,ab OR ‘head and neck’:ti,ab) AND (irradiation:ti,ab OR 
radiation:ti,ab OR radiotherapy:ti,ab)

Data collection and items. The included articles were divided into two groups: 1) CAS group: 
studies on XRT patients undergoing CAS, and 2) CEA group: studies on XRT patients undergoing 
CEA. Additionally, we systematically extracted the following characteristics: author, publication 
date, number of patients, number of revascularizations, indication for intervention (symptomatic 
or asymptomatic stenosis), time interval between XRT and revascularization, length of follow up 
and outcome measures.
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Primary outcome measures were: 1) Any cerebrovascular adverse event (CVE), defined as a 
composition of any stroke (fatal, disabling and non-disabling) and/or transient ischemic event 
(TIA), either ipsi- and/or contralateral of intervention site for periprocedural (< 30 days) and 
late (> 30 days) outcome. 2) Cranial nerve injury (CNI), specified in transient (no functional 
consequences and completely resolving < 30 days) and permanent (functional consequences 
and symptoms lasting > 30 days). 3) Restenosis and/or occlusion, where restenosis was defined 
as duplex ultrasound (US) derived > 50% stenosis, or otherwise if indicated, either symptomatic 
or asymptomatic.
Secondary outcome measures were procedural specific outcomes for both techniques. For CAS 
these included: technical success rate (defined as successful stent deployment with residual stenosis 
< 30% on control angiography or duplex US), vascular access site complication (haematoma or 
pseudo aneurysms) and cardiovascular complications (bradycardia or hypotension). For CEA 
these included: wound infection/ delayed healing and bleeding complications needing re-
operation. Different descriptions across studies did not allow us to give more exact definitions for 
above outcome measures. Measure of outcome for perioperative outcomes was a ‘proportion’ 
(i.e. number of patients experiencing the event divided by total number of patients (n)); and for 
late outcome an ‘incidence rate’ (number of patients experiencing the event divided by total 
number of person-years (n x length of mean or median reported follow-up)).
 
Data presentation and statistical analysis. Data are presented as results per individual study 
in a descriptive manner and summarized systematically in tables. Results were evaluated 
separately for 1) early outcome (day of intervention (0) - 30 days) and 2) late outcome (> 30 
days). Meta-analyses were performed to pool the primary outcome measures. A random effects 
model was chosen to adjust for heterogeneity between studies; I2 was calculated as a measure for 
heterogeneity.13 An I2 value < 25% was considered as low heterogeneity.14 To assess the difference 
between both procedures (CAS group and CEA group), meta-regression was performed with 
treatment procedure (CAS or CEA) as a factor. Meta-analyses were performed using SAS PROC 
NLMIXED (version 9.2). This procedure allows performance of an exact analysis using a binomial 
distribution for the early outcomes and a Poisson distribution for the late outcomes.15

RESULTS
MEDLINE and EMBASE search strategy yielded a total of 498 hits (Figure 1). After removal 
of duplicates and screening citations, 51 articles for full text evaluation remained. Of those, 
another 28 articles were excluded based on: not meeting inclusion criteria after critical full text 
evaluation (20), study design (7), article under review (116). Four additional studies were retrieved 
from crossreferencing.17-20 No additional studies were identified from books or abstract of major 
meetings. As a result, a total of 27 publications were included, comprising 533 patients divided 
in CAS group (14 articles17, 19-31; 361 patients, symptomatic: median 59% (Q1-Q3 = 51-75%)) and 
CEA group (14 articles4, 9, 18, 21, 32-41; 172 patients, symptomatic: median 67% (Q1-Q3 = 46-86%)). 
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Table II Study characteristics CAS

Author, year Patients 

(n)

Procedures 

(n)

Symptomatic 

(%)

Dose (Gy) / interval 

(range) (years)

Use of embolic 

protection 

device (%)

Tallarita et al.21 2011 33 37 51 NA / 6.3 (NA) 68

Dorresteijn et al.22 2010 24 24 100 > 60 / 13.1 (NA) NA

Sadek et al.23 2009 19 19 35* NA 100

Favre et al.24 2008 135 149 34 NA /12 (NA) 59

Younis et al.25 2007 35 35 55* NA 82.7*

Protack et al.26 2007 23 23 52 NA 75*

Ecker et al.27 2005 5 5 60 NA/ 16.6 (1 - 47) 80

Harrod-Kim et al.28 2005 16 19 75 NA 0

Hassen-Khodja et al.29 

2004

13 13 80* NA /15.2 (1- 41) NA

McKevitt et al.30 2004 17 17 58* NA NA

Ting et al.20 2004 16 18 76 NA /12 (3 - 25) 22

Alric et al.31 2002 4 5 50 NA / NA (8 - 28) 75

Houdart et al.17 2001 7 10 86 NA / 8 (4 - 15) 20

Al Mubarak et al.19 2000 14 15 66 NA / 12.5 (NA) 0

Total 361 389 59†

* data over entire study population, not specified for XRT patients; † Median; NA: no data available

1 Article was included in both groups.21All studies had an observational study design and were 
considered valid for inclusion. Characteristics of the individual studies are presented in table II 
(CAS group) and table III (CEA group). 

Radiation therapy. Indications for XRT in general were head and neck squamous cell malignities 
(primary carcinoma’s or lymph node metastases of unknown origin). Less common indications 
for cervical radiation were lymphoma’s (Hodgkin and non-Hodgkin), parotid tumors and thyroid 
tumors. In most articles, radiation characteristics were poorly documented. Therefore, exact site 
(left or right carotid territory) of irradiation was not mentioned for all patients. The therapeutic 
dose was administered in only one article in CAS group (> 60 Gy in 71% of patients).22 In the 
CEA group two articles reported 62 Gy resp. 43.5 Gy as a mean therapeutic dose.34, 35 Range in 
the mean interval in years between RT and carotid revascularization was 6.3 – 16.6 years for the 
CAS group and 1.71 – 17.0 years for the CEA group. More than 50% of patients in the CEA group 
underwent previous neck surgery in combination with RT. For CAS group this was not clarified.
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Table III Study characteristics CEA

Author, year
Patients Procedures Symptomatic Dose (range) / interval 

(range)  yearsn n %

Tallarita et al.21 2011 27 29 56 NA /1.71 (NA)

Frego et al.4 2009 8 8 NA* NA

Boules et al.32 2005 9 9 39 NA

Mozes et al.33 2004 6 6 73 NA

Leseche et al.34 2003 27 30 60 62 Gy (50-70) / 10 (1 - 26)

Cazaban et al.35 2003 11 11 27 43.5 Gy (30-50) / 12.3 (2.5 - 32)

Friedell et al.9 2001 10 11 46 NA/ 14 (1 - 44)

Hassen-Kodja et al.36 2000 17 18 67 6300 rad /17 (NA)

Kashyap et al.37 1999 24 26 69 NA

Rockman et al.38 1996 10 14 46 NA/10.4 (NA)

Andros et al.18 1996 4 4 67* > 5000 rad / 9.4 (1 - 37)

Atkinson et al.39 1989 7 9 100 NA

Francfort et al.40 1989 5 6 100 NA

Silverberg et al.41 1978 7 9 100 6151 rad (4290 - 12000) / NA

Total 172 190 67† 

Rad: Röntgen-absorbed dose; Gy: gray, 1 Gy = 100 rad; * not specified: >70% stenose (asympomatic and 

symptomatic patients); † Median; NA: no data available

Early outcome. Early results are shown in Table IV. In the CAS group (13 studies with 361 patients, 
389 procedures), pooled analysis estimated a risk of 3.9 % (95% CI 2.3 – 6.7 %, I2 = 22.1%) for 
CVE. One fatal stroke was seen in a series of 16 patients.20 Technical success rate was reported 
varying from 94% - 100%. Six failures occurred: three needed conversion to surgery24, one stent 
became lodged in the curve of the introducer sheet (only balloon dilatation was performed)31, 
one was abandoned owing to failure to pass the guide wire across a tight lesion20 and one patient 
suffered for residual stenosis after the procedure.26 
In the CEA group (14 studies with 172 patients, 190 procedures), pooled analysis showed a risk 
of 3.5 % (95% CI 1.5 – 8.0 %, I2 = 0%) for CVE. One death occurred due to massive intracerebral 
haemorrhage.34 No statistically significant difference was encountered in occurrence of CVE 
between CAS and CEA (p = 0.77).
Meta-analysis of CNI resulted in an estimated risk of 9.2 % (95% CI 3.7 – 21.1 %) in patients 
with CEA treatment (12 studies with 157 patients). All injuries were considered to be initial and 
completely resolved within several weeks, although one study reported 9% (1/11) permanent 
CNI.35 Six studies reporting on this specific endpoint did not encounter any nerve problem 
at all.9, 18, 34, 38, 40, 41 Other procedure specific complications were incidental, including wound 
infection and bleeding needing re-intervention (Table IV).21, 34, 36, 37 
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Late outcome. 
Clinical outcome: Data for CVE on follow-up extending the post-procedural 30 days were 
reported in 20 studies (398 patients). Results are summarized in Table V. In CAS group (11 studies, 
277 patients) a total of 15 events occurred over a total follow up period of 697.9 person-years, 
an estimated rate of 4.9 per 100 person-years (95% CI 3.6 – 6.6). Two disabling strokes were 
identified contralateral of the CAS site in a series of 24 patients with a mean follow-up of 39.6 
months.22 Three other strokes were related to restenosis and occurred in a series of 135 patients 
at a mean interval of 16 months.24 Another three ipsilateral strokes (2 major, 1 minor; not further 
defined) were identified in a series of 30 patients after a mean follow-up of 58 months, were one 
patient had carotid stent occlusion after 38 months.21 No further information was provided on 
two strokes observed in the study by Protack et al. (23 patients, mean follow-up: 14.4 months).26 
In total, five TIA’s were identified: one contralateral and one ipsilateral of the CAS site22, one 
related to restenosis and two due to carotid thrombosis24.
In CEA group (9 studies, 121 patients) only 1 event (TIA)36 over a total of 386.7 person-years of 
follow-up was reported, on average 2.8 per 100 person-years (95% CI 2.0 – 3.9). The difference 
in CVE rate between both procedures was significant (p = 0.014). 
Mortality: Mortality rate for CAS group and CEA group varied between 0 and 33% and 0 and 
44.4% respectively. This rate seemed to be highly influenced by non-vascular causes of death 
such as pre-existent cancer in both groups.21, 22, 24, 34, 36

Restenosis: In CAS group (13 studies, 319 patients), 72 patients were identified with restenosis 
and/or occlusion after a total of 725.2 person-years of follow-up, an average rate of 5.4 per 100 
person-years (95% CI 4.3 – 6.6). Large differences among studies existed. Two small studies17, 27 
(n = 5 and n = 7) found no restenosis and no re-interventions performed during follow-up (9.3 
resp. 6 months). Two slightly larger studies both monitored 16 patients for respectively 30 and 
28 months and found restenosis rates of 17.6% and 21%.20, 28 The study with the largest patient 
population (n = 135) yielded an overall restenosis (>50%) rate of 18% (n = 27) at 30 months.24 
Seven (5.2%) of these led to neurological complications. In the study by Protack et al.26 (mean 
follow-up 14.4 months), 43% of XRT patients developed restenosis. Also Dorresteijn et al.22 
showed a high rate of 42% restenosis in a series of 24 patients, measured over a follow-up length 
of two years. Nevertheless, all lesions remained asymptomatic and only in one patient re-stenting 
was performed. In CEA group (9 studies, 121 patients), 13 patients were diagnosed with > 50% 
restenosis and/or occlusion after a period of 386.7 person-years of follow-up, an average rate of 
2.8 per 100 person-years (95% CI 1.9 – 4.0). The highest reported rate of restenosis was 16.6%; 
after a mean follow up of 18 months, duplex scans showed asymptomatic recurrent stenosis 
>50% in three out of 27 patients.34 Another study showed 4 patients (15%) with asymptomatic 
restenosis after a mean follow up of 58 months. Because of progressive asymptomatic lesions, 
two of these patients were treated with CAS.21 In the remaining studies, four other patients 
reached this specific endpoint; two in a series of 17 patients and two in a series of 24 patients, 
resulting in 11.8% (n=17) and 8.3% (n=24) restenosis rate respectively at 52 and 13 months.36, 

37 In each of these studies, one patient was symptomatic. In total three patients developed an 
ipsilateral occlusion.9, 37, 41 Comparison of outcomes for restenosis and/or occlusion showed a 
significant difference favoring CEA (p = 0.0025).
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Table IV Early outcome (0 - 30 days)

CAS group N, P
Success

Stroke (n)
Tia Procedure specific outcome 

(n)rate (%) (n)
Tallarita et al.21 33, 37 100 2 0 0
Dorresteijn et al.22 24, 24 100 1a 2 0
Sadek et al.23 19, 19 NA 0 0 Haematoma: 1

Favre et al.24 135, 149 98 2 1
Haematoma: 4

Technical problems: 13
Seizure: 1

Younis et al.25 35, 35 NA - - -

Protack et al.26 23, 23 96 2* *
Haematoma: 1
Vasospasm: 2
Bradycardia: 2

Ecker et al.27 5, 5 100 0 0 0
Harrod-Kim et al.28 16, 19 100 1a 0 Haematoma: 1
Hassen-Khodja et al.29 13,13 100 0 0 NA
McKevitt et al.30 17, 17 NA 0 0 NA

Ting et al.20 16, 18 94 1c 1
Haematoma: 1
Hypotension: 1

Alric et al.31 4, 5 80 0 0 0
Houdart et al.17 7, 10 100 0 0 Seizure: 1
Al Mubarak et al.19 14, 15 100 1a 0 0

CEA group
Stroke Tia CNI initial (n)/ 

permanent (n)
Procedure specific outcome 

(n)(n) (n)
Tallarita et al.21 27,29 1 0 6 / NA Wound complications: 3
Frego et al.4 8, 8 0 0 1 / 0 † 0
Boules et al.32 9, 9 NA ‡ NA ‡ NA 0
Mozes et al.33 6, 6 NA § NA § NA I I 0
Leseche et al. 34 27, 30 1c 1 0 Haematoma: 2
Cazaban et al. 35 11, 11 0 0 02-jan 0
Friedell et al.9 10, 11 0 0 0 0
Hassen-Kodja et al.36 17, 18 0 0 2 / 0 Haematoma: 1
Kashyap et al.37 24, 26 0 0 6 / 0 Infection: 2
Rockman et al.38 10, 14 0 0 0 0
Andros et al.18 4, 4 0 0 0 0
Atkinson et al.39 7, 9 0 0 2 / 0 0
Francfort et al.40 5, 6 0 1 0 Respiratory problems: 2
Silverberg et al.41 7, 9 0 0 0 Postoperative thrombosis: 1

a non-disabling stroke; b disabling stroke; c fatal stroke/death; Tia: transient ischemic attack; CNI: cranial nerve 
injury; N: number of patients; P: number of procedures; * Any cerebrovascular event, not specified into 
stroke or tia; † Outcome not specified for XRT patients; ‡ 11% ‘poor outcome’: a composition of stroke, tia 
or death; § Odds ratio for tia/stroke: 15.2; I I CNI over entire study population (high-risk patients): 7.7%; NA: 
No data available
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Table V Late outcome (> 30 days)

CAS group
Mean follow-up 
(range) (months)

Tia Stroke Death Restenosis (n) / 
occlusion (n)(n) (n) (n)

Tallarita et al.21 58 (1 – 132) 0 3 11 6 / 2

Dorresteijn et al.22 39.6  (3.6 – 132) 2 2b 7 7 / 0

Sadek et al.23 9 (0.5 - 45) NA NA NA 1 / 0

Favre et al.24 30 (3 - 95) 3 3 30 18 / 9

Younis et al.25 24 (6 - 99) NA NA NA 7 / 0

Protack et al.26 14.4 (NA) 0 2 2 9 / 2

Ecker et al.27 9.3 (1 - 24) 0 0 0 0

Harrod-Kim et al.28 28 (5 - 78) 0 0 1 4 / 2

Hassen-Khodja et al.29 18 (NA) 0 0 0 1 / 0

McKevitt et al.30 1 - - - -

Ting et al.20 30 (5 - 55) 0 0 2 3 / 0

Alric et al.31 10 (3 - 18) 0 0 0 1 / 0

Houdart et al.17 8 (3 - 24) 0 0 0 0

Al Mubarak et al.19 8 (NA) 0 0 3 0*

CEA group

Tallarita et al.21 58 (1 – 132) 0 0 3 4 / 0

Frego et al.4 40 (0-156) 0 0 0 0†

Boules et al. 32 1 - - - -

Mozes et al.33 1 - - - -

Leseche et al.34 40 (3 - 99) 0 0 12 3 / 0

Cazaban et al.35 1 - - - -

Friedell et al.9 37 (12 - 60) 0 0 0 0 / 1

Hassen-Kodja et al.36 52 (12 - 108) 1 0 4 2  / 0

Kashyap et al.37 13 (1 - 156) 0 0 0 2 / 1

Rockman et al.38 NA NA NA NA NA

Andros et al.18 24.9 (NA) 0 0 1 0

Atkinson et al.39 49 (NA) 0 0 1 0

Francfort et al.40 26 (6 - 48) 0 0 2 0

Silverberg et al.41 NA NA NA NA NA

a non-disabling stroke; b disabling stroke; c fatal stroke/death; Tia: transient ischemic attack;  
* Measured at 6 months of follow-up; † Defined as duplex US derived > 30% stenosis; NA: No data 
available
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DISCUSSION 
In this systematic review and meta-analysis we present an overview of 533 patients, treated with 
CAS or CEA for carotid stenosis after previous cervical radiation therapy (CAS group, n = 361; 
CEA group, n = 172). The risk for adverse cerebrovascular events was low following CEA and 
CAS for both perioperative and late outcome. However, results were statistically different for late 
outcome favoring CEA.  CEA was hampered by a mean risk of 9.2 % of -mostly transient- cranial 
nerve injury, against none after CAS. Furthermore, higher rates of restenosis >50% and occlusion 
after CAS compared to CEA were identified (p = 0.0025). However, most in-stent restenoses 
behaved in a benign fashion and remained asymptomatic.
Treatment of carotid stenosis after cervical radiation needs special interest as in the past decennia 
survival after cervical malignancy has increased. Simultaneously, the risk for relevant carotid 
stenosis seems to increase.42 Several carotid intervention studies defined XRT patients as a ‘high-
risk’ group for carotid endarterectomy.2, 43, 44 This classification remains controversial because 
definition was based on theoretical arguments and still no risk stratification for XRT patients exists 
today.45 Additionally, the concept of high-risk is doubtful and multiple interpretable: patients 
can be either high-risk for stroke or high-risk for surgery, or both.46 Notwithstanding, radiation 
was accepted as one of the anatomic high-risk criteria among contralateral occlusion, previous 
ipsilateral endarterectomy and high carotid bifurcation, thus XRT patients were included in 
studies investigating the effectiveness and safety of CAS in deemed high-risk groups.1, 5 Although 
appraisal of subset analyses in these studies are not precise due to the small patient populations, 
yet, the XRT group often showed better but non significant perioperative results compared to 
the other high-risk subgroups. One study on CAS found the combined all stroke/death risk in 
the overall high-risk group (n =103) was 9.7%, versus 7% in a non-high-risk control group (n 
= 373) (p > 0.05).30 However, the all stroke/death risk in the XRT subgroup (n = 17) was 0%. 
Others found that the periprocedural risk of CAS in XRT patients appeared to be comparable 
to CAS in non-XRT patients.23, 47 By performing this review we aim to expand this evidence by 
identifying that CAS and CEA can be performed safely for revascularization of XRT patients with 
carotid stenosis, with no early deaths and low risk for CVE. On the other hand, even like in 
recent prospective randomized studies in symptomatic patients at ‘normal risk’,48, 49 late clinical 
events happened more frequently after endovascular repair as compared to CEA (p = 0.014).  
Furthermore, rates for restenosis were higher after CAS as compared to both CEA and non-XRT 
references for the treatment of carotid artery stenosis. In four studies,22, 24-26 CAS was initially 
feasible in XRT patients, but during follow-up, restenosis rates were significantly higher than 
in other deemed high-risk subgroups. The underlying mechanism leading to in-stent restenosis 
after CAS is explained by myointimal hyperplasia with smooth muscle cell proliferation. Stent 
deployment in a pre-existent fibrotic (post-radiation) process may be associated with faster 
and higher incidence of restenosis.25 Contrary to CAS, rates for restenosis after CEA seem to be 
comparable to those with surgery in the absence of radiotherapy.9, 29, 37 Only Leseche et al.34 
suggest that in patients who experienced cervical radiation, restenosis is markedly higher than in 
those patients without XRT. However, no data were provided on the exact location of restenosis 
why as these restenoses might have occurred somewhere else in the radiated plane or in-stent/ 
within the region of previous endarterectomy.
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One of the main concerns towards CEA in patients with a history of cervical radiation is the 
potentially higher rate of cranial nerve injury. Outside standard conditions, theoretically cranial 
nerve deficits may be more frequent in hostile necks4; and perivascular soft tissue fibrotic changes 
probably explain the greater risk.50 A literature review calculated a 9% risk (range 2-27%) of 
temporary palsy after CEA in patients without a hostile neck.51 Two other extensive studies 
reported a rate of 5%, with only 0.5% lasting more than a few months in patients at normal 
risk.52, 53 Furthermore, a rate of 7.7% in a high-risk group with local risk factors was observed, 
without significant difference with the reference low-risk group (6.6%)33. These outcomes were 
very comparable with our pooled estimate of 9.2% of initial deficits, which were transient in 
most cases.  Therefore, the risk for permanent CNI should probably not being considered as 
a contraindication for CEA in irradiated patients. However, we should state that we were not 
informed about the exact preoperative tissue condition of the treated cervical region, and details 
on combined XRT and cervical surgery could not reliably be analyzed, possibly influencing 
this consideration. In a recent study21 this issue was well documented, were patients with prior 
radical neck dissections had more wound complications (14% vs. 5%) and CNI (28% vs. 9%) 
compared to those without neck dissections. Thus, if the cervical anatomy is highly affected not 
only by XRT, but especially through previous surgery making redo-surgery hazardous, CAS might 
be considered as a suitable alternative. The relative impact of patients’ characteristics on the risk 
of complications for CAS or CEA have led to different approach to perform meta-analysis.54 Due 
to limited patient data for XRT induced carotid stenosis, we were not able to select best technique 
on the basis of particular patient characteristics. The role of medical treatment in limiting disease 
progression and prevention of stroke in previously radiated patients stays unclear at this point.
 
Study limitations. Main problem of lack of randomized studies is the inevitable confounding by 
indication. Patient selection must have resulted in differences in outcome, which favored CEA, 
probably since less appropriate surgical candidates (e.g. due to previous neck surgery) were 
excluded for this procedure and treated by CAS. Moreover, as a consequence of small individual 
sample sizes and lack of reporting specific details, we were not able to distinguish between 
results of symptomatic or asymptomatic status as the initial indication for revascularization.  Also 
inherent to meta-analysis of observational studies is the chance of publication bias. Although 
we included all available study data in the literature of the past decades, we could have missed
outcomes of a few patients, especially of articles where XRT patients were not well stratified from 
other high-risk groups. Furthermore, assessment of generally accepted duplex criteria for grading 
stenosis after CEA has been shown to be not reliable after CAS, because placement of a stent in 
the carotid artery can cause an increase in duplex velocities in the absence of residual or true 
in-stent stenosis.55 This could have led to distorted outcomes in CAS group. Finally, decreasing 
trends in stroke and mortality are usually observed as techniques and technology is improving. 
Therefore older studies could possibly lead to worsened results for total outcome especially 
within the CAS treated cohort. Yet, there is a therapeutic dilemma that calls for a randomized 
comparison. Based on the low risks and the limited number of patients a trial needs to be a 
randomized interventional multicenter study. 
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Conclusions and recommendations. According to the available literature, both CAS and CEA 
proved to be feasible revascularization techniques with low risk for cerebrovascular adverse 
events in patients with previous XRT. CEA patients suffered from more temporary CNI, while 
patients treated with CAS showed to have a greater risk on late CVE and restenosis >50%. These 
results do not indicate a preferred revascularization treatment and therefore, in patients with 
previous cervical radiation the choice for revascularization therapy should be considered on an 
individual basis.
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ABSTRACT
Objective. To identify plaque characteristics of carotid artery radiation induced stenosis.

Materials and Methods. Nineteen carotid plaques were obtained during carotid endarterectomy 
(CEA) in 17 consecutive patients with prior cervical radiation therapy (XRT) (median interval 10 
years) and compared with 95 matched control carotid plaques of patients without a history of 
XRT. The following histopathological factors were assessed: calcification, collagen, macrophages, 
smooth muscle cells, atheroma, microvessels and intraplaque hemorrhage. Association of 
individual histological parameters with XRT-plaque was analyzed through multivariable 
regression model.

Results. Less infiltration of macrophages (6/19 vs. 60/95, adjusted p = 0.003) and a smaller lipid 
core size (Atheroma > 10%: 10/19 vs. 80/95, adjusted p = 0.006) were independently associated 
with XRT plaque, compared to non-XRT plaques. 

Conclusions. Carotid stenotic lesions in patients with previous cervical radiation are less 
inflammatory and more fibrotic than carotid atherosclerotic lesions in non-radiated patients. 
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INTRODUCTION
Severe carotid stenosis after previous cervical radiation is considered a high-risk condition for 
revascularization.1 A causal relationship of cervical radiation therapy (XRT) and development 
of carotid stenosis has been shown in previous studies.2, 3 Furthermore, in patients with carotid 
stenosis following prior XRT for head and neck malignancy, an increased stroke rate was 
demonstrated as compared to patients without a history of XRT.4

The underlying physiopathological mechanism of carotid stenosis after cervical XRT resulting 
in higher stroke risk remains unclear, although different pathways have been suggested.5, 

6 Differences between atherosclerotic induced stenosis (AIS) and carotid stenosis after XRT 
have mainly been based on description of macroscopic morphologic lesion components and 
clinical patient characteristics. Clinically, XRT patients are younger and have a lower incidence 
of other risk factors (except hyperlipidemia) for atherosclerosis compared to non-XRT patients. 
Morphologically, XRT lesions have a higher degree of stenosis, are likely to be longer and appear 
on non-typical atherosclerotic sites (more frequent in external and common carotid artery).7-9 
Additionally, lesions of XRT patients frequently demonstrated a hypoechoic focus and less often 
shadowing compared with plaques found in atherosclerotic patients.8 These findings indicate 
that lesions in previously irradiated patients might act as a different disease entity compared to 
AIS. However, differences in histological plaque characteristics have not been reported to date.
Phenotype of carotid plaque has proven to be clinically relevant, due to close associations 
with presenting primary cerebrovascular events.10 In addition, the local atherosclerotic plaque 
composition has been shown to be an independent predictor of both future cardiovascular 
events and restenosis.10, 11 Thus far, only animal studies and high-resolution magnetic resonance 
imaging (MRI) studies have attempted to identify characteristics in carotid plaques after radiation. 
With help of our longstanding Athero-Express biobank12 we aimed to study carotid plaques 
microscopically, to identify plaque phenotype of patients with prior cervical XRT.

METHODS
Design. This cross-sectional study was designed on patients who have been included in the 
Athero-Express biobank (2002-2009). Athero-Express is an ongoing longitudinal prospective 
study that includes patients undergoing CEA in the participating centers St. Antonius Hospital 
Nieuwegein and University Medical Center Utrecht.12 After CEA, the carotid plaque is collected 
and subjected to histological examination. All patients were asked to participate and provided 
written informed consent. Data of patients were collected prospectively, except for specific 
radiation characteristics, which were gathered retrospectively. Baseline characteristics included 
1) demographic data: gender, age (at time of surgery), preoperative clinical presentation 
(asymptomatic, TIA, stroke and ocular symptoms), time between last symptoms and CEA, degree 
of ipsilateral stenosis (diagnosed by carotid colour Doppler assisted duplex ultrasound and in 
most cases confirmed by magnetic resonance angiography (MRA) or computed tomography 
angiography (CTA)); and 2) risk factors for atherosclerotic disease: (current) smoking, hypertension, 
hypercholesterolemia, diabetes mellitus (DM), coronary artery disease (CAD), peripheral artery 
disease of the lower limbs, renal function (expressed in glomerular filtration rate, GFR (ml/
min/1.73m2) and body mass index (BMI) (kg/m2). Hypertension and hypercholesterolemia were 
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by definition restricted to those cases using blood pressure-lowering drugs respectively statins. 
DM was defined as use of insulin or oral glucose inhibitors. 

Patients. All previously radiated patients (XRT group) underwent consecutively CEA with 
histological plaque analysis according to the Athero-Express protocol. All patients with previous 
cervical radiation and CEA were selected out of the Athero-Express database. They were matched 
to patients (out of the same database) without a history of cervical radiation therapy (non-XRT 
group) for 1) gender, 2) age (at time of surgery) and 3) clinical presentation. A control group of 
non-XRT plaques (1:5 ratio) was selected per XRT plaque, based on previously recommended 
criteria for case control studies.13 In the total study period, 1250 CEA’s were performed for 85% 
symptomatic and 15% asymptomatic patients. Of those, 19 carotid plaques (1.5% of total 
surgeries) from 17 consecutive patients (median age: 69 years (range 56-92), 15 males) with 
previous cervical XRT were compared to 95 matched controls (median age: 69 years (range 56-
90), 76 males) without a history of cervical XRT. The same treatment regimen was followed for 
radiated and non-radiated patients. 

Plaque assessment & outcome. Conform a standardized protocol, the carotid plaque obtained 
during CEA was divided into segments of 5 mm thickness along the longitudinal axis.12 The 
segment with the greatest plaque burden, the culprit lesion, was subjected to histological 
examination. Outcome of plaque characteristics was analyzed microscopically by observers 
of the Athero-Express blinded for XRT status. Histological outcome parameters were widely 
accepted measures for atherosclerotic plaque stability and included: calcification, collagen, 
macrophages, smooth muscle cells (SMC), fat, microvessels and intraplaque hemorrhage 
(IPH). Semiquantitative estimation of the plaque morphology was performed for calcification 
(hematoxylin and eosin [H&E]), collagen (picro Sirius red [PSR]), macrophages (CD 68) and SMC 
(alpha actin). Plaque characteristics were scored as 1) no/minor staining or 2) moderate/heavy 
staining. In addition, atheroma (PSR and H&E) was analyzed as the percentage of the plaque 
occupied by the lipid core (<10% or >10%). Microvessels (CD 34) were determined by the 
average number of CD 34-immunopositive microvessels of three hotspots within every plaque. 
For multivariable analysis, amount of microvessels was dichotomized as either below or above 
the median. IPH (H&E and Elastin von Gieson stainings) was rated as being absent or present. 
Finally, overall plaque phenotype was established by overall appearance. A plaque is considered 
more active and unstable when it reveals a strong staining for macrophages, a large atheroma 
and when it lacks collagen and smooth muscle cells.14 The more fibrous stable lesion typically 
lacks inflammatory cells and fat and reveals strong staining for collagen and smooth muscle 
cells. The Athero-Express defines this as: fibrous plaque (<10% of the plaque is occupied by lipid 
with abundant presence of collagen and SMC), fibro-atheromatous plaque 10-40% (between 
10-40% is occupied by fat) and atheromatous plaque (>40% of the plaque hides atheroma with 
presence of macrophages).12

Statistical analysis. SPSS 17.0 was used for all analyses (SPSS Inc, Chicago, Ill). For dichotomized 
factors we used crosstabs and Chi-square tests to calculate absolute risks (%) and p-values. 
Continuous characteristics were analyzed with non-parametric Mann-Whitney U test since 
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parameters were not normally distributed. P-values < 0.05 were considered statistically 
significant. The univariate analysis including baseline parameters served as the basis for a 
multivariable logistic regression model to test if the histological parameters were independently 
associated with XRT-plaque. Baseline characteristics showing association (P < 0.20) with XRT 
exposure in univariate analysis were included in the (unconditional) multivariable model to 
correct for confounders. Associations were calculated using ‘enter’ method and reported as 
adjusted odds ratios (ORs) with 95% confident intervals (CIs) for all variables in the final model.

RESULTS 
XRT patients. Median interval between cervical radiation therapy and carotid revascularization 
was 10 years (range 1.8 – 24.0 years). The underlying malignant disease indicating XRT was: 
pharyngeal carcinoma (n=4, 23.6%), laryngeal carcinoma (n=4, 23.6%), cervical metastases 
of unknown primary tumor (n=3, 17.6%), oral cavity tumors (n=2, 11.8%), neck lymphoma’s 
(n=2, 11.8%), carcinoma of the nose (n=1, 5.9%) and carcinoma of the jaw bone (n=1, 5.9%). 
The exact cervical levels that had been radiated were not always exactly defined but included 
the affected carotid region in all cases. Median radiation dose received was 355 Gy (range 30 - 
7000). Patient characteristics are summarized in Table I.

Table I Characteristics of previously radiated patients

Age Gender Malignancy Lesion 
side

Intervala 
(years)

Received dosis 
(cGy)

96 F Glottis larynx ca R 13.1 7000

86 M Glottis larynx ca R 20 n.a

70 F Hypopharynx ca R 1.8 n.a

78 M Pharynx ca L 8 n.a

68 M Oropharynx ca L 4.2 30

72 M Larynx ca L 18 n.a

77 M Maligne lymphoma tongue base R 10 40

60 M Nasopharynx ca R 9 n.a

* * * L 11 n.a

64 M Non Hodgkin Lymfoma L 12.9 355

74 M Sqaumouscell ca nose L 3.5 70

66 M Tongue base ca, metastasis lymfnode R 24 n.a

85 M Squamous cell metastase lymfnode L 3.6 5000

73 F Squamous cell metastase lymfnode R 14 n.a

64 M Tongue base ca, squamous L 8.2 5000

75 M Tongue base ca R 6 n.a

* * * L 6 n.a

69 F Jaw bone ca R 15 n.a

73 M Larynx ca R 21 n.a
cGy, centi-Gray; F, female; M, male; ca, carcinoma; R, right; L, left; n.a, no data available a Time between 

end of radiation therapy to carotid endartectomy *Same patient as 1 line above, bilateral stenosis
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Baseline characteristics. Comparisons of demographic characteristics and risk factors between 
XRT group and non-XRT group are shown in Table II. Overall, 17 (94.4%) lesions of the XRT 
group and 90 (94.7%) lesions of the non-XRT group were symptomatic  (p = 0.93). A tendency 
towards a shorter interval between last event and surgery for XRT group was identified compared 
to non-XRT group; 35 days (range: 2-205) versus 66 days (range 1-364, p = 0.099). Also, al lower 
percentage of previous radiated patients had a severe degree (90-99%) of preoperative ipsilateral 
stenosis as compared to control non-XRT patients (26.3% versus 47.4%, p = 0.091). Considering 
risk factors for atherosclerosis, BMI differed significantly between both groups. A median BMI 
of 24 was seen in XRT group, versus 27 in non-XRT group (p = 0.001). Other risk factors did not 
show any differences between two groups.

Table II Demographic and clinical characteristics of the study population a

XRT-plaque Non-XRT plaque
P-value

(n = 19) (n = 95)

Demographic characteristics

   Age, years (median, range) 69 (56-92) 69 (56-90) 0.903

   Sex 0.917

Male 15 (78.9) 76 (80.0)

     Clinical presentation 

Asymptomatic 1 (5.3) 5 (5.3) 0.929

Symptomatic 18 (94.7) 90 (94.7)

                         Stroke 4 (21.1) 20 (21.1)

                         TIA 11 (57.9) 60 (63.2)

                         Ocular 3 (15.8) 10 (10.5)

   Time between event and surgery, days (median, range) 35 (2-205) 66 (1-364) 0.099

   Degree of ipsilateral stenosis 0.091

             70-90% 15 (73.7) 50 (52.6)

             90-99% 5 (26.3) 45 (47.4)

Risk factors

   Current smoker 7 (38.9) 33 (37.5) 0.912

   Hypertension 17 (89.6) 84 (88.4) 0.895

   Hypercholesterolemia (statin use) 14 (82.4) 67 (71.3) 0.344

   Diabetes mellitus 3 (15.8) 22 (23.2) 0.692

   Coronary artery disease 3 (15.8) 19 (20.0) 0.671

   Peripheral artery disease 4 (21.1) 26 (27.4) 0.568

   GFR (median, range) 66 (46-110) 67 (17-124) 0.849

   BMI (median, range) 24 (22-29) 27 (18-39) 0.001

TIA, transient ischemic accident; GFR, glomural filtration rate in ml/min/1.73m2; BMI, body mass index 
calculated as weight in kilograms divided by height in meters squared
a Data are presented as No (%) unless otherwise indicated
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Histological plaque composition. In univariate analysis, a significant difference was identified for 
infiltration of macrophages and atheroma >10%. Marked infiltration of macrophages (moderate 
or heavy) was less frequently observed in XRT-plaques 31.6% (6/19) as compared with non XRT 
plaques 63.8% (60/95) (p = 0.009). More fibrous plaques were identified in the XRT group; XRT 
plaques were associated with a smaller lipid core size compared to non-XRT plaque. 84.2% 
(80/95) of the control plaques contained more than 10% atheroma, compared to only 52.6% 
(10/19) in the XRT plaque (p = 0.002). (Table III) 
In multivariable logistic regression analysis, infiltration of macrophages and atheroma >10% 
were independently associated with XRT plaques after adjusting for time between event and 
surgery, ipsilateral degree of stenosis and BMI. (Adjusted OR 0.094 [95% CI 0.020-0.455] resp. 
0.129 [95% CI 0.030-0.553] adjusted p = 0.003 resp. p = 0.006). The Figure represents result 
histological visualized. Other histological parameters, including calcification, collagen, SMC, 
microvessels and IPH were not significantly associated with XRT status.

Table III Histological outcome a

XRT plaque Non-XRT plaque
P-value

(n = 19) (n = 95)

Histological characteristics

     Calcification, moderate/heavy 8 (42.1) 58 (61.1) 0.127

     Collagen, moderate/heavy 14 (73.7) 73 (86.8) 0.768

     Macrophages, moderate/heavy 6 (31.6) 60 (63.8) 0.009

     SMC, moderate/heavy 11 (57.9) 59 (62.1) 0.731

     Atheroma > 10% 10 (52.6) 80 (84.2) 0.002

     Microvessels (median, range) 4.3 (0.3- 25.0) 7.0 (1.3 – 40.3) 0.06

     IPH present 5 (26.3) 31 (32.6) 0.589

Overall plaque phenotype

     Fibrous  11 (57.9) 28 (29.5) 0.058

     Fibro-atheromatous 3 (15.8) 27 (28.4)

     Atheromatous 5 (26.3) 40 (42.1)

SMC, smooth muscle cells; IPH, intraplaque haemorrhage 
a Data are presented as No (%) unless otherwise indicated

DISCUSSION
In this study we compared histological characteristics of carotid plaques of patients with prior 
cervical radiation therapy with plaques from non-radiated patients. A more fibrous and less 
inflammatory plaque was observed in XRT patients compared to plaques derived from non-XRT 
patients. 
Soon after the introduction of radiation therapy around 1940, cardiovascular changes following 
radiation were recognized and discussed in animal studies.15, 16An experimental study on the 
large vessels of irradiated mice found progressive changes consisting of intimal proliferation, 
fragmentation of the elastic lamina, overproduction of elastic tissue, necrosis, hyaline thickening 
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and production of collagen.15 Lindsey et al. irradiated localized segments of the abdominal aorta 
in dogs.16 They observed arteriosclerotic changes consisting of selective disruption of the internal 
elastic layer and the development of intimal thickening without histological demonstrable injury 
to other layers of the vessel wall. Although above described changes were all short to mid term 
effects (< 17 months following radiation), response of radiation may have latency up to 20 
years before the onset of clinical symptoms. This delay is probably related to the diameter of the 
irradiated artery; the interval being longer for larger arteries.17 Based on these early experimental 
findings and additional information of non-invasive imaging techniques on human, arterial 
damage after radiation have been reported to be similar to non-irradiated atherosclerotic lesions 
in more recent human studies.18-20 These studies suggested that radiation only accelerates the 
normal process of atherosclerotic stenosis. This theory is questionable, considering our results 
in human plaques. Results showed important differences between XRT plaques (at a median 
time interval of 10 years after radiation) and non-XRT plaques in a very comparable, mainly 
symptomatic (94.7%) patient population. After matching, baseline characteristics ‘time interval 
between last event and surgery’, ‘degree of ipsilateral stenosis’ and ‘BMI’ varied between both 
groups. For BMI, no differences in plaque composition have been described in literature. 
Unexpected, degree of preoperative stenosis was less severe in XRT group compared to non-
XRT group. Results were not significant and should be interpreted with caution because of small 
groups. Time interval differences seem to be more relevant because histological studies have 
shown that remodeling of the plaque after a symptomatic event leads to more stable plaques 
over time. After stroke, the content of macrophages decreases significantly over relatively short 
time.21, 22 However, despite ‘time between last event and CEA’ being shorter in the XRT group 
compared with non-XRT patients (35 vs. 66 days), we observed less macrophage infiltration 
and a more fibrous plaque in XRT group. Previous evidence emphasizes the strength of our 
observations in differences between atherosclerotic and radiated plaques.  Due to our ongoing 
database, the effect of timing of intervention will become clear in the future since CEA is now 
recommended to be performed within two weeks of a first clinical event.23 

Table IV Histological outcome, adjusted Odds Ratios for the presence of plaque parameters in 
patients with previous XRT as compared with controls.

Histological characteristics
Adjusted Odds Ratio* Adjusted

(95%CI) P – value*

Calcification 0.340 (0.087-1.328) 0.121

Collagen 0.612 (0.144 – 2.601) 0.506

Macrophage infiltration 0.094 (0.020-0.455) 0.003

SMC 0.595 (0.158 – 2.245) 0.443

Atheroma > 10% 0.129 (0.030-0.553) 0.006

Microvessels > median (number per hotspot) 0.480 (0.120-1.915) 0.299

IPH present 1.074 (0.286 – 4.039) 0.916
 
CI, confidence interval; SMC, smooth muscle cells; IPH, intraplaque hemorrhage
*Adjusted for time between last event and surgery, ipsilateral preoperative degree of stenose and body mass 
index (kg/m2)
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Since plaque characteristics are associated with clinical presentation but also with outcome after 
CEA, our findings might be of interest in the light of risk for further cardiovascular manifestations 
due to carotid stenosis like TIA or stroke. Cerebrovascular events are often a result of thrombus 
formation superimposed on a so called ‘vulnerable’ plaque.24 Although radiation therapy 
increases the risk of symptomatic carotid stenosis, our observation suggests that XRT plaques 
are less vulnerable, or more stable and less active compared to non-radiated atherosclerotic 
lesions.10 The explanation for this difference between reported clinical observations on increased 
stroke rate and our histology assessment remains a matter of debate. Possibly, other factors than 
plaque rupture of thrombus formation might lead to neurological symptoms, like progressive 
stenosis through intima-media thickening.25 Our findings however do fit the clinical fact that 
radiated arteries do create restenosis faster than non-radiated plaques, as we also know that 
relatively stable and fibrous plaques cause restenosis more often than vulnerable plaques. 
More specifically, low macrophage infiltration and small or absent lipid core is associated with 
higher risk of restenosis (>50%) after CEA.11 Applying this evidence for XRT plaques, patients 
could hypothetically be more prone to develop restenosis after revascularization following 
prior cervical radiation therapy. Although current literature is conflicting, some data suggest 
that previously radiated patients indeed have a higher risk for restenosis than non-XRT patients 
after CEA.26 Evidence is more clear for XRT patients treated with carotid angioplasty and stenting 
(CAS), since rate of restenosis or occlusion was calculated as 5.4 per 100 person-years (95% CI 
4.3 – 6.6) compared to 2.8 per 100 person-years (95% CI 1.9 – 4.0) after CEA (p = 0.0025) in a 
recent literature review.27 Possibly, high rates of restenosis after CAS can be partly attributed to 
previous XRT status besides endovascular technique. 
In this study, we were able to perform analyses on 19 plaques of 17 patients. Small sample 
sizes are known for its lack of precision and thus over- and underestimation of the relations 
under study. Analyzing a small number of patients is inevitable since incidence of patients with 
previous cervical radiation therapy who underwent CEA is low. However, we believe this is an 
important group to report on. Furthermore, despite the small sample size, we believe this data is 
valuable and sufficient to meet with our study goal. Ideally, our results need to be confirmed in 
a prospective and a preferable larger cohort.  Because limited data on follow-up were available, 
we were not able to analyze the possible consequences for clinical outcome and restenosis. 
Also, we are not aware of the exact time course of the development of radiation induced lesions. 
Consequently, findings on histological level only apply for plaques at a mean time interval after 
radiation of 10 years. For some cases poor information of radiation characteristics (site and dose) 
was reported. However, this seems to be a minor problem since radiation induced stenosis was 
detected not only at the ipsilateral side, but also to a same severe amount at the contralateral 
side of irradiation for cervical malignancies by others.28, 29 Findings can be explained by the so-
called ‘bystander effect’, whereas radiation of cells damages not only the target cells, but also 
non-targeted bystander cells.30 Lastly, because of segments with the greatest plaque burden were 
histological analyzed, different segments of the carotid artery could be analyzed in the XRT 
group and in the non-XRT group. However, examination of a single culprit segment of the plaque 
is reasonably representative for the plaque as a whole.22 Because physiopathological pathways of 
initial lesion stay the same, histology will reflect either atherosclerotic or radiation origin.
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Conclusions. Lipid poor, non-inflammatory plaque is distinctive for carotid plaques of previously 
irradiated and symptomatic patients, compared to a non-irradiated atherosclerotic plaque. 
Consequences for clinical outcome and restenosis after CEA need to be objectified in larger 
cohorts with longer follow-up.

Figure Carotid plaque histology of radiated and non-radiated patients

Histological analysis of carotid endarterectomy specimens. A and B, control plaque. A, Hematoxylin and 
eosin staining showing macrophages (left) at the border of an atheroma (right). Bar = 200 μm. B, im-
munohistochemical detection of macrophages (in brown; CD68 immunostain) in the same plaque as A 
with heavy staining of macrophages. C and D, XRT-plaque. C, Hematoxylin and eosin staining showing 
connective tissue and calcification in the plaque. Bar = 200 μm. D, no macrophages are present in the 

macrophage staining (CD68 immunostain) of the same area as C.
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ABSTRACT
Introduction. Outcomes for patients undergoing intervention for restenosis after prior ipsilateral 
carotid endarterectomy (CEA) in the era of carotid stenting (CAS) are unclear. We compared 
perioperative results and durability of CAS versus CEA in patients with symptomatic or 
asymptomatic restenosis after prior CEA and investigated the risk of re-intervention compared to 
primary procedures.

Methods. Patients undergoing CAS and CEA for restenosis between January 2003 and March 
2012 were identified within the Vascular Study Group of New England (VSGNE) database. 
Endpoints included any stroke, death or myocardial infarction (MI) within 30 days, cranial nerve 
injury at discharge and restenosis ≥70% at 1-year follow-up. Multivariable logistic regression 
was done to identify whether prior ipsilateral CEA was an independent predictor for adverse 
outcome.

Results. Out of 9305 CEA procedures, 212 patients (2.3%) underwent redo-CEA (36% 
symptomatic). Of 663 CAS procedures, 220 patients (33%) underwent CAS after prior ipsilateral 
CEA (31% symptomatic). Demographics of patients undergoing redo-CEA were comparable 
to patients undergoing CAS after prior CEA. Stroke/death/MI rates were statistically similar 
between redo-CEA vs CAS after prior CEA in both asymptomatic (4.4% vs 3.3%, P=0.8) and 
symptomatic patients (6.6% vs 5.8%, P=1.0). No significant difference in restenosis ≥70% was 
identified between redo-CEA and CAS after prior CEA (5.2% vs. 3.0%, P = 0.5). Redo-CEA vs 
primary CEA had increased stroke/death/MI rate in both symptomatic (6.6% vs 2.3%, P=0.05) 
and asymptomatic patients 4.4% vs 1.7%, P=0.03). Prior ipsilateral CEA was an independent 
predictor for stroke/death/MI among all patients undergoing CEA (OR 2.1, 95% CI 1.3 – 3.5). 
No difference in cranial nerve injury was identified between redo-CEA and primary CEA (5.2% 
vs 4.7%, P=0.8). 

Conclusions. In the VSGNE, CEA and CAS showed statistically equivalent outcomes in 
asymptomatic and symptomatic patients treated for restenosis after prior ipsilateral CEA. 
However, regardless of symptom status, the risk of re-intervention was increased compared to 
patients undergoing primary CEA.  
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INTRODUCTION
The reported incidence of restenosis after carotid endarterectomy (CEA) ranges from 6 to 15%, 
depending on the duration of follow-up and its measurement criteria1,2. Although most lesions 
remain asymptomatic, results from the Carotid Revascularization Endarterectomy versus Stenting 
Trial (CREST) showed the clinical significance of recurrent stenosis ≥70%, with increased risk 
of ipsilateral stroke within two years of surgery.3 The management of restenotic lesions remains 
unclear4-6. Since redo-surgery after prior ipsilateral CEA potentially leads to a more challenging 
operation, prior CEA has been considered a ‘high-risk’ condition for CEA with increased risk 
of cranial nerve injury (CNI) and other local complications7,8. Yet, only few studies also report 
an increased stroke risk for redo-CEA compared to primary CEA9,10. In patients for whom re-
intervention is indicated, carotid angioplasty and stenting (CAS) might be a suitable alternative 
to re-operation. CAS has been increasingly performed in restenotic lesions after the Centers 
for Medicare and Medicaid Services (CMS) approved reimbursement for CAS in patients with 
symptomatic restenosis after CEA.11 Relative safety has been shown in early results,12 but long-
term outcome remains undefined.13 Few analyses have directly compared outcomes of redo-CEA 
versus CAS in patients with restenosis after prior CEA14-17. Most studies that reported on outcome 
after CAS and/or CEA in restenotic lesions have been limited to single institution series with 
insufficient power to detect differences in outcome. Further, these studies did not distinguish 
symptomatic from asymptomatic disease. Nor did they report on the benefit of intervention 
beyond the perioperative period. In a recent study by the Vascular Study Group of New 
England (VSGNE), a history of prior ipsilateral CEA predicted stroke or death following carotid 
revascularization.17 In the current study, we aimed to further investigate this observation. Our 
primary goal was to compare perioperative major adverse events and one year patency between 
redo-CEA and CAS for patients with restenosis after prior ipsilateral CEA, stratified by symptom 
status. Secondly, we investigated the risk of re-intervention compared to primary procedures. 
(Figure 1)

Figure 1 Overview of study groups and outcome

1. To compare outcome between redo-CEA and CAS in patients undergoing restenosis after prior ipsilateral 
CEA, 2. To investigate the risk of re-intervention compared to the primary intervention
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METHODS
Database. Data collected by the VSGNE were used for this analysis. The VSGNE is a regional 
quality improvement initiative developed in 2002 and currently involves over 180 physicians at 
30 centers (14 academic, 16 community). Preoperative clinical characteristics, imaging studies, 
operative outcome and follow-up data are collected and entered in the registry by trained nurses, 
or clinical data abstractors. Surgeons enter operative details. Research analysts are blinded to 
patient, surgeon, and hospital identity. Further details on this registry have been published 
previously and are available at http://www.vascularweb.org/regionalgroups/vsgne.
VSGNE data have been validated for completeness using audits of discharge claims data from 
each participating institution.17 Additionally, we have not identified any mortality bias by cases 
not initially captured.18 

Patients. Our study sample included all patients in the VSGNE registry who underwent CEA 
(January 2003 and December 2011) or CAS (July 2005 and March 2012).  . Patients undergoing 
CEA with a concomitant coronary bypass procedure (CABG) were excluded (n = 221). If both the 
initial CEA procedure and the re-intervention (CAS or redo-CEA) were reported for one patient, 
the initial CEA was excluded (n = 52). In total, 9305 CEAs from 26 centers performed by 136 
surgeons, and 663 CAS’ from 13 centers performed by 58 surgeons were available for analyses. 
Within this sample, patients with a prior ipsilateral CEA in their medical history were identified. 
This resulted in a ‘re-intervention group’ of 432 patients including 212 redo-CEAs and 220 CAS, 
and a ‘primary procedure group’ of 9536 patients including 9093 primary CEAs and 443 primary 
CAS procedures. In those who underwent a third ipsilateral carotid intervention (n=6), only the 
secondary intervention after the initial CEA was included for analyses. 

Endpoints and Measurements. Our primary endpoints were any stroke, a composite of any stroke 
or death and a composite of stroke, death, or myocardial infarction (MI) at 30-days postoperatively. 
Secondary endpoints included restenosis ≥70% as assessed by duplex ultrasound (DUS) during 
follow-up. In addition, CEA and CAS specific perioperative outcomes were evaluated.  For CEA 
these included any CNI (as assessed at discharge by the operating surgeon), wound infection 
and bleeding needing re-intervention. For CAS these included technical failure, access site 
complications and brady-arrhythmia requiring treatment during the procedure. The definition 
of stroke included ipsilateral or contralateral major strokes (cortical, vertebrobasilar, or ocular 
disability resulting in non-independent living status, or blindness) and ipsilateral or contralateral 
minor stroke (other strokes not defined as major). Neurologists did not routinely examined 
patients postoperatively, though this is part of the protocol for CAS at several of the participating 
institutions. Myocardial infarctions included clinical, electrocardiogram, and troponin-only MI. 
Indications for obtaining postoperative troponin are institution dependent and variable. Not all 
centers routinely screened all postoperative patients for MI with troponin. For the evaluation of 
restenosis, we studied patients who had undergone DUS evaluation during follow-up. Among 
CAS patients, we were able to analyze 376 patients (56.7%) at a median follow-up of 254 days. 
Of the 287 patients (43.3%) without DUS information, 228 patients (34.4%) underwent stenting 
procedures in 2011 or 2012 and had therefore not completed one year follow-up yet at time of 
data-analysis. The remaining missing 59 patients (8.9%) were lost to follow-up or they did    
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Table I Demographics and patient characteristics of patients undergoing redo-CEA or 
CAS after prior ipsilateral CEA in the VSGNE

Redo-CEA CAS after prior CEA
n = 212 n =220

n % n % P-value
Age, yr (mean ± SD) 68.8 ± 9.2 68.9 ± 8.5 0.4
Age >80 yr 26 12.3 25 11.4 0.9
Gender 0.3
           Male 124 58.5 139 63.2
           Female 88 41.5 80 36.4
Race (non-white) 2 0.9 3 1.4 1
Ipsilateral symptoms 76 35.9 69 31.4 0.3
           TIA 54 25.5 55 25
           Stroke 22 10.4 14 6.4
Ipsilateral degree of ICA stenosis 0.5
             < 50% 7 3.3 3 1.4
             50 – 59% 5 2.4 5 2.3
             60 – 69% 7 3.3 6 2.7
             70 – 79% 37 17.5 29 13.2
             ≥ 80% 151 71.2 174 79.1
             Occluded 3 1.4 3 1.4
Symptomatic patients ≥ 50% stenosis 212 100 220 100 1
Asymptomatic patients ≥ 70% stenosis 197 93 209 95 0.4
Any Smoke (prior or current) 191 90.1 188 85.5 0.2
Hypertension (≥140/90 or history) 189 89.2 207 94.1 0.1
Diabetes (on medication) 70 33 70 31.8 0.8
Coronary artery disease 82 38.7 78 35.5 0.6
CABG/PCI 81 38.2 79 35.9 0.5
Congestive heart failure 19 9 22 10 0.7
COPD 69 32.6 44 20 <.01
Antiplatelet therapy 192 90.6 213 96.8 <.01
Statin 175 82.5 183 83.2 0.9
Stress test abnormal (MI or ischemia) 18 8.5 18 8.2 0.9
On dialysis 1 0.5 2 0.9 1
Creatinine (>1.78 mg/dL) 12 5.7 13 5.9 0.3
ASA 3 and 4 93 43.9 101 45.9 0.6
Contralateral occlusion 24 12.1 24 11.5 1
Urgent procedures 27 12.7 21 9.5 0.4
Prior radiation 107 1.2
Eversion CEA 8 3.8
One or more medical high risk factor(s) 58 26.4
One or more anatomical high risk factor(s) 141 64.1

Refused surgery 38 17.3
 
TIA, transient ischemic attack, ICA, internal carotid artery, CABG, coronary artery bypass grafting, PCI, 
percutaneous coronary intervention, COPD, chronic obstructive pulmonary disease, MI, myocardial 
infarction, ASA, American Society of Anesthesiology. Bold: P-value <.05
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not undergo DUS imaging during follow-up. For CEA, 6189 patients (67%) were available for 
restenosis analyses at a median of 370 days. Of those without DUS information (n=3116, 33.4%), 
1256 patients (13.5%) had undergone CEA in 2011 and had therefore not completed one year 
follow-up. The remaining 1860 patients (20%) were lost to follow-up or did not undergo DUS 
imaging at their follow-up consult. Results for primary outcome were stratified by preoperative 
symptom status. Symptomatic patients were defined as having an ipsilateral neurologic event, 
including any hemispheric or ocular transient ischemic attack, major or minor stroke preceding 
the intervention. 

Statistical Analysis. Patient characteristics and outcome from patients who underwent redo-CEA 
or CAS after prior ipsilateral CEA were compared using χ2 or Fisher’s exact test for categorical 
variables and two tailed t test for continuous variables. Within the CAS and CEA group, patient 
characteristics and outcomes of re-intervention were also compared to primary procedures. 
Multivariable logistic regression was performed to evaluate whether prior ipsilateral CEA was 
predictive for adverse outcome (stroke/death and stroke/death/MI) following CEA. Candidate 
predictors were identified by bivariate analysis and included in the multivariable model if the 
P-value was <.1. (Appendix A) Backward step-wise selection was applied to generate odds ratios 
(OR) and corresponding 95% confidence intervals (CI). The multivariable models were adjusted 
for age and gender. Predicted probabilities for adverse outcome were calculated based on the 
final models. P-values <.05 were considered significant. SPSS version 19.0 statistical software 
(IBM Corp. SPSS Statistics, Armonk, NY) was used for statistical analyses.

RESULTS
Redo-CEA versus CAS after prior CEA.  
Patient characteristics. Among patients who underwent re-intervention after prior ipsilateral CEA, 
preoperative characteristics were comparable between redo-CEA and CAS. (Table I) The mean 
age was 69 years in both groups; 58.5% were men in the CEA group and 63.2% in the CAS 
group. 36% of patients were symptomatic undergoing redo-CEA versus 31% undergoing CAS 
(P = 0.3). All symptomatic patients had ≥50% stenosis, while in asymptomatic patients, 93% of 
patients undergoing redo-CEA and 95% of CAS patients had high-grade ≥70% stenosis. Chronic 
obstructive pulmonary disease (COPD) was more common in the CEA group (32.5% vs 20% 
CAS, P <.01). A greater proportion of patients in the CEA group were on preoperative antiplatelet 
therapy (aspirin or clopidogrel). Time from initial CEA to re-intervention was available for 52 
patients (26 CAS and 26 CEA). Median time-interval to CEA was 36 months compared to 17.5 
months to CAS (P=0.08). 
Outcomes. Among symptomatic patients, outcome after CEA vs CAS did not differ significantly; 
30-day stroke and stroke/death rate were 3.9% vs 4.4% (P = 1.0) and stroke/death/MI rate was 
6.6% vs 5.8% (P = 1.0). (Table II) For asymptomatic patients, outcome after CEA vs CAS was 
also statistically similar: 30-day stroke and stroke/death were 2.9% vs 2.0% (P = 0.7) and stroke/
death/MI rate was 4.4% vs 3.3% (P = 0.8). Length of stay after CEA was 2.2 days, compared to 
1.9 days after CAS (P = 0.4). During follow-up, rate of restenosis ≥70% was 5.2% after CEA and 
3.0% after CAS (P = 0.5, OR 0.6, 95% CI 0.2-2.0). Only one symptomatic lesion (ipsilateral 
stroke at 13 months) was identified in a patient who underwent CAS. 
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Redo-CEA versus primary CEA.  
Patient characteristics. Comparison of demographics and patient characteristics showed that 
COPD, smoking (current or prior), contralateral occlusion and previous CABG or percutaneous 
coronary intervention were more common in patients undergoing redo-CEA compared to 
primary CEA. Eversion CEA was more frequently used in primary procedures (9.8% vs 3.8% 
redo-CEA, P < .01). Patching was more common with redo-CEA (96% vs 87% primary CEA, 
P<.01). (Appendix B, online) 
Outcomes. Among symptomatic patients undergoing redo-CEA vs primary CEA, 30-day stroke, 
stroke/death, and stroke/death/MI rates were higher after redo-CEA, but not statistically different 
(stroke: 4.0% vs 1.5%, P = 0.1, stroke/death: 4.0% vs 1.8%, P = 0.2 and stroke/death/MI: 6.6% 
vs 2.8%, P = 0.07). (Table III) Asymptomatic patients undergoing redo-CEA compared to those 
undergoing primary CEA had significantly higher rates for stroke (2.9% vs 0.8%, P = 0.03), 
stroke/death (2.9% vs 0.9%, P = 0.04) and stroke/death/MI (4.4% vs 1.7%, P = 0.03). CNI at 
discharge was similar after primary CEA (5.1%, n = 470) and redo-CEA (6.1%, n = 13, P = 0.8, 
OR 1.2, 95% CI 0.7 – 2.1). One wound infection (0.5%) was seen after redo-CEA versus 7 (0.1%) 
after primary procedure (P = 0.2). 1.4% (n = 3) had bleeding complications after redo-CEA versus 
1.0% (n = 90) after primary CEA (P = 1.0). Restenosis ≥70% was statistically similar in patients 
undergoing primary CEA compared to redo-CEA (2.8% vs 5.2%, P = 0.2, OR 1.7, 95% CI 0.9 
– 4.2). 

Table II Thirty-day outcome of patients undergoing redo-CEA and CAS after prior ipsilateral CEA 
in the VSGNE

Redo-CEA CAS after prior CEA

n = 76 n = 69

n % n % P-value OR 95% CI

Symptomatic

Stroke 3 3.9 3 4.4 1 1.1 0.2 - 5.7

Stroke/Death 3 3.9 3 4.4 1 1.1 0.2 - 5.7

Stroke/Death/MI 5 6.6 4 5.8 1 0.9 0.2 - 3.4

Redo-CEA CAS after prior CEA

n = 136 n = 151

n % n % P-value OR 95% CI

Asymptomatic

Stroke 4 2.9 3 2 0.7 0.7 0.2 - 3.0

Stroke/Death 4 2.9 3 2 0.7 0.7 0.2 - 3.0

Stroke/Death/MI 6 4.4 5 3.3 0.8 0.7 0.2 - 2.5
 
OR, odds ratio, CI, confidence interval, MI, myocardial infarction
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CAS after prior CEA versus primary CAS. Patients who underwent primary CAS had more medical 
comorbidities than patients undergoing CAS after prior CEA, such as coronary artery disease, 
congestive heart failure, COPD and an abnormal stress test. (Data not shown) No significant 
difference in stroke or death rate was identified for both symptomatic (4.4% vs 7.6% primary 
CAS, P=0.6) and asymptomatic (2.0% vs 0.7% primary CAS, P = 0.4) patients. Technical failure 
(2.3% vs 1.8% primary CAS, P=NS) and access site complications (8.6% vs 5.9% primary CAS, 
P=NS) were statistically similar, while significantly more patients required treatment for brady-
arrhythmias during primary CAS compared to patients undergoing CAS after prior CEA (27.4% 
[n = 121] vs 12.8% [n = 28], P < .01). 

Table III Thirty-day outcome of patients undergoing primary CEA versus redo-CEA in the VSGNE 

Primary CEA Redo-CEA

n = 3033 n = 76

n % n % P-value OR 95% CI

Symptomatic

Stroke 46 1.5 3 3.9 0.12 2.6 0.8 - 8.6

Stroke/Death 53 1.7 3 3.9 0.16 2.3 0.7 - 7.5

Stroke/Death/MI 71 2.3 5 6.6 0.05 2.4 0.96 - 6.1

Primary CEA Redo-CEA

n = 6059 n = 136

n % n % P-value OR 95% CI

Asymptomatic

Stroke 49 0.8 4 2.9 0.03 3.7 1.3 - 10.5

Stroke/Death 54 0.9 4 2.9 0.04 3.4 1.2 - 9.4

Stroke/Death/MI 105 1.7 6 4.4 0.04 2.6 1.1 - 6.1

OR, odds ratio, CI, confidence interval, MI, myocardial infarction

Multivariable analyses.  Among all patients undergoing CEA (symptomatic and asymptomatic), 
redo-CEA was an independent predictor for 30-day stroke/death (OR 2.6, 95% CI 1.4 – 4.7, P 
= .002) and stroke/death/MI (OR 2.1, 95% CI 1.3 – 3.5, P = .002). (Table IV) Other predictive 
factors for stroke/death were age > 80 years, symptomatic status, hypertension, contralateral 
occlusion and urgent procedures. Preoperative antiplatelet therapy proved to be protective.  
Other predictors for stroke/death/MI were female gender, symptomatic status, hypertension, 
congestive heart failure, contralateral occlusion and urgent procedures (<24 hours of admission). 
Patients undergoing redo-CEA vs primary CEA had a significantly higher predicted adverse 
outcome, reflecting they are a higher risk population in the redo-group (Figure 2).
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DISCUSSION
In a large regional database, CAS and redo-CEA revealed equivalent perioperative and one year 
outcome in both asymptomatic and symptomatic restenosis after prior CEA. Adverse outcome of 
re-intervention was increased compared to primary CEA, regardless of symptom status. 

Table IV Multivariable model for adverse outcome among symptomatic and asymptomatic 
patients undergoing CEA (n = 9305)

Stroke/Death Stroke/Death/MI

OR 95% CI P-value OR 95% CI P-value

Age >80 yr 1.8 1.2 - 2.7 0.004 - - -

Female gender - - - 1.4 1.1 - 1.9 0.013

Ipsilateral symptoms 2.1 1.4 - 3.0 <.001 1.7 1.2 - 2.2 0.001

Prior ipsilateral CEA 2.6 1.4 - 4.7 0.002 2.1 1.3 - 3.5 0.002

Hypertension 2.5 1.2 - 5.4 0.02 1.8 1.0 - 3.0 0.036

Congestive heart failure - - - 2 1.4 - 2.9 <.001

Antiplatelet therapy 0.5 0.3 - 0.9 0.009 - - -

Contralateral occlusion 2.4 1.4 - 4.0 0.001 1.9 1.2 - 3.0 0.003

Urgency 1.8 1.2 - 2.8 0.008 1.6 1.1 - 2.2 0.014

MI, myocardial infarction, OR, odds ratio, CI, confidence interval

The results of the current study indicate that patients with symptomatic or asymptomatic 
restenosis after prior CEA form a high-risk group for intervention, regardless of revascularization 
procedure or symptom status. Despite the increased risk compared to primary CEA, both CAS 
and CEA proved to be suitable options to treat symptomatic patients with restenosis after prior 
CEA. In asymptomatic patients, the benefit of intervention is less clear with stroke/death rate 
of 2.9% after CEA, which is the upper limit acceptable for asymptomatic lesions based on 
societal guidelines For these patients, a non-operative approach with medical treatment might 
be considered to achieve optimal long-term stroke prevention given that the natural history 
of asymptomatic lesions seems generally benign and some may regress over time.19 However, 
others have shown increased stroke risk in patients with severe stenosis (≥70%), indicating that 
a more aggressive approach may be warranted in this subset of patients.3,20 
Few studies have reported an increased stroke risk after redo-CEA compared to primary CEA.9,10 
Aburahma et al.’s study yielded an ipsilateral stroke rate of 4.8% (6/124) after redo-CEA, 
compared to 0.8% (2/265) following primary intervention with five of six strokes in the redo 
group happening in symptomatic patients.9 In contrast, more recent studies did not detect a 
difference in stroke rate compared to primary surgery, and concluded that redo-CEA was as safe 
as primary CEA.21-23 However, small sample size limited the ability to detect statistical differences 
or to stratify patients by symptom status in most of these series. Others have reported on outcome 
after redo-CEA in single center cohorts without a control group.24-30 While most of these studies 
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reported ‘acceptable’ perioperative stroke/death rates (0 – 4.6%, all patients), several groups have 
reported increased risk for local complications such as nerve injury (4.6% – 21%) and wound 
hematoma (4.2%)7,8,20,30,31. We did not identify an increased risk for CNI compared to primary 
CEA, nor did we note an increased risk for other local complications with redo-surgery in a much 
larger population. As illustrated by a greater predicted stroke or death rate than was actually 
observed in the redo-group, the increased risk for re-intervention was therefore indicative of a 
high-risk population rather than a high-risk procedure. 
Under the assumption that surgical risk with redo-CEA was increased, CMS approved 
reimbursement for CAS in patients with symptomatic, severe (>70%) restenosis after CEA. 
This policy was mainly based on the results of the Stenting and Angioplasty with Protection in 
Patients at High Risk for Endarterectomy (SAPPHIRE) trial, designed to compare CAS vs CEA in 
a high-risk population.32,33 In SAPPHIRE, the 30-day stroke, death, MI rate in the CEA arm was 
as high as 9.8% (vs 4.8% CAS, P=.09). The MI rate of 6.6% strongly influenced this composite 
endpoint. Moreover, the generalizability of this cohort may be limited as approximately 70% 
of the study population was asymptomatic and the study design lacked stratification within 
the various high-risk groups (only 22% had recurrent stenosis after CEA). Despite controversy 
over the applicability of the SAPPHIRE results and the classification of ‘high-risk’7,34, CAS was 
increasingly performed and evaluated in patients with restenotic lesions. The SVS Vascular 
Registry (VR) data indicated a protective effect of CAS in restenotic lesions compared to primary 
CAS and this observation was supported by a sub-analysis in the current study.12,35 A combination 
of a higher risk population in the primary CAS group and a supposedly more stable plaque in 
restenotic lesions caused by intimal hyperplasia36 may explain these findings. This hypothesis 
is further supported by the lower risk of procedural bradycardia in CAS after prior CEA, which 
has also been previously shown.37  Our results suggested that patients undergoing CAS after 
redo-CEA were treated for intimal hyperplasia rather than ‘late’ restenosis (>24 Months) through 
progression of atherosclerotic restenosis. Yet, the reported risk for 30-day stroke/death/MI after 
CAS in restenotic lesions is still relatively high in both asymptomatic (SVS VR: 3.5% and VSGNE: 
3.3% [current analysis]) and symptomatic patients (SVS VR: 6.7% and VSGNE: 5.8% [current 
analysis]) and not superior to redo-CEA.35 Long-term results after CAS have not been thoroughly 
discussed in the current literature.13,38 Our findings indicate that rate of restenosis ≥70% after 
one year is similar after CAS and CEA (3.0% vs 5.2%, NS). The vast majority lesions remained 
asymptomatic without a need for re-intervention. 
Few other groups have attempted to compare CAS and CEA directly in patients with restenosis 
after prior CEA. In a series of 83 patients, Aburahma et al.31 reported increased 30-day stroke rates 
after CAS compared to CEA (16% vs 2.4%) and >50% in stent restenosis at 6 months, as defined 
by duplex ultrasound. In a later report comprising 192 patients (72 redo-CEA and 120 CAS), the 
same group did not detect any differences in 30-day stroke rate between redo-CEA and CAS (3% 
vs 1%, P=0.6), while the increased risk for restenosis after CAS (mean time of follow-up 2 yr) 
persisted.15 Several studies have however shown elevated sonographic velocities after stenting in 
the absence of angiographically proven restenosis, which might have caused increased rates of 
restenosis greater than 50% after CAS.39 Two other groups showed equivalent outcome between 
CAS and CEA albeit with smaller numbers.14,16 Nolan et al. using VSGNE data sought to compare 
real world outcomes of CAS and CEA and found that a history of prior ipsilateral CEA was an 
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Figure 2 Predicted and observed stroke or death rate of patients undergoing primary CEA and 
redo-CEA

Both predicted and observed rates were significantly different between primary CEA and Redo-CEA 
(P<.01).

independent risk factor for stroke or death in a model including all patients undergoing CAS 
and CEA.17 This observation prompted us to further stratify this cohort using a larger number 
of patients. While primary CEA in symptomatic patients has proven to be beneficial over CAS, 
patients with symptomatic recurrent stenosis do equally well with CAS. Similar predictors for 
adverse outcome were previously shown in the SVGNE.17,40 While age >80 year was associated 
with stroke and death, female gender and congestive heart failure were predictive for stroke/
death/MI. Preoperative antiplatelet therapy was protective for stroke and death, but was not 
associated with stroke/death/MI.
The results of this study must be interpreted in the context of its design including the limitations of 
the dataset. The VSGNE does not record the duration from primary CEA to secondary intervention, 
however, we were able to identify this time interval for several patients who also underwent their 
primary CEA procedure in the VSGNE. We are also not aware of the reasons for intervention in 
patients with asymptomatic lesions <70%. Reporting bias is inherent to any registry-based study 
and potentially leads to under-reporting of events. The low stroke rate in the VSGNE compared to 
RCTs such as CREST is likely in part caused by the absence of a routine postoperative evaluation 
by a neurologist.  However, it seems unlikely that there was bias in the reporting of events 
between CAS and CEA, patients with and without prior CEA or symptomatic and asymptomatic 
patients. Furthermore, we used the Social Security Death Index to ensure that all deaths were 
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captured in our dataset. The lack of a standard protocol to identify postoperative MI might have 
lead to lower rates compared to the randomized controlled trials. Furthermore, the relatively 
low event rate after revascularization procedures, particularly in the re-intervention groups, may 
have resulted in a type II error limiting our ability to identify significant differences. However, this 
is the largest comparison to date of CAS versus redo-CEA in patients with restenosis after prior 
CEA, and we were able to quantify the potential effect size and direction among these patients, 
stratified for symptom status. Also, follow-up length was limited at a median of one year. Lastly, 
the duplex criteria were determined at each individual center and are thus not uniform across 
the VSGNE. Nonetheless, all the vascular laboratories in the VSGNE centers are certified by the 
Intersocietal Commission for the Accreditation of Vascular Laboratories.1 These factors should be 
considered while interpreting our results on restenosis. 
In conclusion, we found that in a large regional quality improvement registry reflecting real world 
outcome, patients undergoing re-intervention after prior CEA are at increased risk for adverse 
events, regardless of procedure. For patients presenting with symptomatic recurrent carotid 
artery stenosis, both CAS and CEA are suitable options. For asymptomatic patients, the risk and 
benefits of intervention should be carefully weighed for individual patients. Future work should 
focus on identifying those asymptomatic lesions that will eventually become symptomatic, and 
which asymptomatic patients have increased risk for perioperative adverse outcome.
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ABSTRACT
Background. The optimal treatment strategy for patients with restenosis after carotid endarterec-
tomy (CEA) remains unknown. Furthermore, restenosis has been considered as a high-risk condi-
tion for redo-CEA, suggesting that these patients might be better treated with carotid artery sten-
ting (CAS). We aimed to study perioperative results and restenosis during follow-up of CAS versus 
CEA for restenosis after prior ipsilateral CEA in an individual patient data (IPD) meta-analysis.

Methods. A comprehensive search of electronic databases (Medline, Embase) until July 1, 2013 
was performed, supplemented by a review of references. Studies were considered for inclusion 
if they reported procedural outcome of CAS or CEA after prior ipsilateral CEA of a minimum of 
five patients. IPD were combined into one dataset and an IPD meta-analysis was performed. The 
primary endpoint was perioperative stroke or death and the secondary endpoint was restenosis 
>50%, comparing CAS and CEA.

Results. In total, 13 studies contributing to 1132 unique patients, treated by CAS (10 studies, 
n=653) or CEA (7 studies; n=479) were included. Among CAS and CEA patients, 30% versus 
40% were symptomatic, respectively (P<.01). After adjustment for potential confounding, the 
primary endpoint did not differ between CAS and CEA groups (2.3% respectively 2.9%, adjusted 
OR 0.8, 95% CI 0.4-1.7). Also, no difference between the groups was identified for symptomatic 
(3.1% vs. 3.7%, unadjusted OR 0.8, 95% CI 0.3-2.5) or asymptomatic patients (2.0% vs. 2.4%, 
OR 0.8, 95% CI 0.3-2.2). 

Conclusion. In patients with restenosis after previous ipsilateral CEA, CAS does not appear to 
be superior to redo-CEA in terms of procedural stroke and death, indicating that this cannot be 
confirmed as a high-risk condition for redo-CEA.
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INTRODUCTION
Restenosis after carotid endarterectomy (CEA) hampers the long-term durability in terms of stroke 
free survival.1,2 The reported incidence of restenosis is variable according to its definition, the 
duration of follow-up and its measurement methods. Duplex ultrasound derived > 50% restenosis 
has been reported varying between 6-14% at two years.3,4 Restenotic lesions have been shown 
to be clinically important, since recurrent lesions >70% have been related to an increased risk 
for ipsilateral stroke.5 However, the optimal treatment strategy of significant restenotic lesions 
remains unclear.6-8 Redo-CEA potentially leads to a more challenging procedure9,10, and therefore 
restenosis following prior CEA has been adapted among the “high-risk” criteria within several 
registries and trials comparing outcome after carotid artery stenting (CAS) versus CEA.11,12 In 
extension, CAS has been suggested and applied as an alternative for CEA in these deemed high-
risk cases.13 Yet, there is no evidence suggesting that the (peri)procedural risk for stroke in these 
patients is lower for CAS when compared to CEA. The Stenting and Angioplasty with Protection 
in Patients at High Risk for Endarterectomy trial (SAPPHIRE) is the only randomized controlled 
trial comparing CAS versus CEA that included a subgroup of patients with restenosis after prior 
ipsilateral CEA, however no subgroup analysis was performed in these patients.11 Numerous 
single centers and several larger registries have reported on outcome of patients treated for 
restenosis after prior ipsilateral CEA through CAS or CEA14-16. Only few (non-randomized) 
studies reported on outcome of both treatment modalities.16-22 Generally, small numbers limit 
the current evidence on the treatment strategy for restenosis. Most studies were underpowered 
to stratify patients in different risk categories or to adjust for patient factors in association 
with outcome, such as symptomatic presentation. While a randomized control trial is beyond 
perspective, accurate outcome analysis with the use of individual patient data (IPD) seems the 
highest retrievable level of evidence at present.
Therefore, we used IPD and pooled all the publically available evidence regarding the surgical 
or endovascular treatment of patients with restenosis after prior CEA. The aim of this study was 
to compare CEA and CAS, hypothesizing that both techniques show similar results regarding 
perioperative results and outcome during follow-up.

METHODS
The study protocol defining the process for obtaining patient level data and the pre-planned 
analyses was designed by the core study group (MF, JV, HR, FM, GJB) and approved by all 
collaborating authors of the TREAT CARE  (optimal TREATment of CArotid REstenosis) study 
group.

Search strategy and study selection
A systematic search was performed on Pubmed and Embase databases until July 1, 2013. 
Synonyms for ‘recurrent carotid stenosis’ and ‘carotid endarterectomy’ and/or ‘carotid angioplasty 
and stenting’ were used to identify relevant studies. No filters or restrictions were applied (see 
table 1 for search query). References of relevant articles were screened for additional useful 
studies. Two independent researchers (MF and JV) screened all publications on the following 
predefined inclusion criteria: 1) patients who underwent CEA or CAS for restenosis after prior 
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Table I Search strategy

Recurrent stenosis OR Recurrent carotid stenosis OR Restenosis OR Post-CEA stenosis OR 

Post carotid endarterectomy stenosis OR Post endarterectomy stenosis 

AND

CEA OR carotid endarterectomy OR carotid surgery OR Carotid revascularization OR OCS 

OR Open surgical repair OR Redo surgery OR Endarterectomy OR CAS OR Carotid artery 

stenting OR Carotid angioplasty OR Carotid stenting

ipsilateral CEA, 2) data on the primary endpoint reported, 3) publications in English, Dutch, 
German, French or Spanish, 4) original data. Studies were excluded if there was no full text 
version available or if the number of patients treated was less than five. Duplicates were removed 
manually. All citations that met the inclusion criteria were read full-text and thoroughly assessed 
for final inclusion. 
Our search resulted in 1334 articles on Pubmed and 1207 on Embase (figure 1). After removing 
duplicates, 1521 articles remained, of which 1424 were excluded after screening citations. Of 
the remaining 93 articles, 14 were excluded for different reasons (figure 1). Reference check of 
these 93 articles yielded 5 relevant studies, resulting in a final total of 84 eligible articles.

Table II Overview of included studies

Article Type of study Years of inclusion N CEA N CAS

Alric et al., 2002 Singlecenter 1997-2000 0 15

Attigah et al., 2010 Singlecenter 1989-2007 28 41

Benitez et al., 1998 Singlecenter 1996-1997 0 5

Bettendorf et al., 2007 Singlecenter 1998-2006 28 29

Domenig et al., 2003 Singlecenter 1990-2001 82 0

Dorigo et al., 2013 Singlecenter 2005-2011 37 58

Eskandari et al., 2010 Singlecenter 2001-2009 0 70

Fokkema et al., 2013 Multicenter 2003-2012 212 220

Halabi et al., 2006 Singlecenter 1998-2004 0 72

Jain et al., 2007 Singlecenter 1988-2005 80 0

Kadkhodayan et al., 2007 Singlecenter 1996-2005 0 73

Radak et al. 2012 Multicenter (2 centers) 2000-2008 12 0

Vos et al., 2009 Singlecenter 1997-2006 0 70

Total 479 653
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Individual patient data acquisition 
Authors of eligible articles were contacted per email or per post with a request for joining 
the TREAT CARE initiative. We obtained the contact details of any author listed on the article 
(sequence of contact: corresponding author, first author, senior author, other co-authors). If we 
did not receive a response after one week, the authors were contacted again, with a maximum 
of four attempts within a timeframe of three months. From the 84 eligible articles (7609 patients, 
possibly including duplicate patients and interventions others than CEA/CAS), we received IPD 
from 13 studies. From the remaining 71 studies, IPD could not be retrieved because 29 authors 
did not respond, 30 did respond that the data was not available (reported reasons: no access to 
the data anymore because of change of institution or retirement and institutional review board 
restrictions), and 11 respond that they were not willing to participate (unknown reasons). One 
study23 was not contacted because we had recognized that this cohort was a duplicate with 
another study,24 though these were different publications. Of the studies that provided IPD, some 
included a subset of patients treated with interposition grafting (n=43), carotid bypass (n=24), 
or angioplasty only (n=2), and these subsets were excluded from our database. Furthermore, 32 
bilateral or tertiary procedures were excluded, resulting in a total of 1132 unique patients (479 
CEA, 653 CAS). Figure 1 and table II show an overview of data acquisition and the 13 included 
articles, respectively. 

 

Figure 1: Flow Diagram TREAT CARE study
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3523, CAS: 4207)  
Response, but data not available (anymore): 30 
Response, but not willing to participate: 11 
No response: 29 
No contact with authors (duplicate cohort): 1

Data available 
(n = 13) 
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Data extraction and outcome
Demographics, patient related risk factors, procedural details, perioperative outcome and follow-
up data were extracted from the received IPD files. The data was aggregated to one database, 
after we carefully checked the received data with the original manuscript. The primary endpoint 
of the current study was any perioperative stroke or death. The secondary endpoint was recurrent 
carotid restenosis (>50%) during follow-up. Other procedural complications such as cranial 
nerve injury (CNI), neck hematoma, wound infection (following CEA) and residual stenosis 
(>30%), technical failure and access site complications (following CAS) were also extracted.

Statistical analysis
Baseline characteristics between CEA and CAS patients were compared using Fisher’s exact test 
for categorical variables, and parametric (Student t-test) or non-parametric test (Mann-Whitney 
U-test) for continuous variables, where applicable. 
The primary endpoint (any perioperative stroke or death) was compared between CEA and 
CAS with the Fisher’s exact test. For adjusted analyses, potential confounders were previously 
determined based on availability (<75% missing values) and clinical relevance by four members 
of the core study group (MF, JV, HR, GB). These variables were age, gender, smoking, hypertension, 
degree of ipsilateral stenosis, symptom status, diabetes and coronary artery disease. To prevent 
bias due to exclusion of observations because of missing values in these variables, we used 
single imputation (using the multivariate imputation by chained equations algorithm in R with 
one imputation).25,26 Predictors in the imputation model included all variables to be imputed, 
including the primary endpoint, as recommended previously.26 Because of the low event rate of 
stroke or death, a propensity score including the above listed variables and obtained considerable 
balance between treatment group was constructed.  The primary endpoint comparing CEA and 
CAS was subsequently analyzed by a logistic regression model, adjusted for the propensity score. 
Odds ratios (OR) and 95% confidence intervals (CI) are reported. 
The secondary endpoint (restenosis during follow-up) was analyzed using a multivariable Cox 
proportional hazard model to allow time to event analyses, adjusted for the same propensity 
score as above. Hazard ratios (HR) and 95% CI are reported. 
SPSS version 20.0 (IBM Corp, IBM SPSS Statistics for Windows, Armonk, NY) and R Statistical 
software27 were used for statistical analyses (R packages “mice” and “survival”). P-values <.05 
were considered significant in all statistical analyses.

RESULTS
Baseline characteristics 
Baseline characteristics of patients undergoing CEA (n=479) compared to CAS (n=653) for 
restenosis after prior ipsilateral CEA are shown in table 3. While CAS patients were more likely to 
be older (mean age 70 year vs. 68 year, P<.01). CEA patients were more often symptomatic (40% 
vs. 30%, P<.01) and a greater proportion of CEA patients suffered from severe ipsilateral stenosis 
>70% (94% vs. 85%, P<.01). Data on time to restenosis from the initial CEA was available for 
56% (n=639) of patients. Median time from primary CEA to re-intervention was significantly 
shorter for CAS compared to CEA patients (14 months vs. 52 months, P<0.01), and also shorter 
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for asymptomatic versus symptomatic patients (18 months vs. 33 months, P<0.01). Of all 639 
patients, 50.5% of patients (29% CEA and 61% CAS) had early restenosis (<24 months after 
primary CEA) and 49.5% (71% CEA vs. 39% CAS) were treated for late restenosis (>24 months 
after primary CEA).  

Table III Baseline characteristics

CEA (n = 479) CAS (n = 653)

N / Total % N / Total % P - value

Age yr, mean ± SD 67.9 ± 9.3 69.7 ± 8.7 <.01

Gender (male) 238/479 49.7 345/653 52.8 0.31

Time to re-intervention Mo, median (IQR) 52 (77) 14 (39) <.01

Patch (vs primary) closure during primary CEA 30/37 81.1 68/87 78.2 0.81

Side (right) 182/399 45.6 241/504 47.8 0.55

Symptomatic 190/479 39.5 193/653 29.6 <.01

Degree of ipsilateral stenosis <.01

   50-69% 30/459 6.5 86/589 14.6

   >70% 429/459 93.5 503/589 85.4

Hypertension 400/479 83.5 505/573 88.0 0.04

Diabetes mellitus 147/479 30.7 175/570 30.7 1.0

Coronary artery disease 201/479 42.0 220/592 37.2 0.12

Renal failure 18/295 6.1 45/428 10.5 0.04

Hypercholesterolaemia 170/209 81.3 209/341 61.3 0.07

Smoking (prior or current) 388/468 82.9 332/570 58.2 <.01

Antiplatelet therapy 354/414 85.5 444/457 97.2 <.01

Statin use 270/360 75.0 284/364 78.0 0.38

Contralateral occlusion 30/318 9.4 58/566 10.2 0.72

CEA: carotid endarterectomy; CAS: carotid angioplasty and stenting; SD:standard deviation;  
Mo: months; IQR: interquartile range.

Primary endpoint
Perioperative stroke or death rate did not differ between CAS and CEA (2.3% vs. 2.9%, OR 0.8, 
95% CI 0.4 – 1.6). After adjusting for potential confounders (age, gender, smoking, hypertension, 
degree of ipsilateral stenosis, symptom status, diabetes and coronary artery disease, combined 
in a propensity score), still no difference was observed in the primary endpoint between CAS 
compared to CEA (adjusted OR 0.8, 95% CI 0.4-1.7).
Also unadjusted myocardial infarction, any stroke, and mortality (separately) were similar 
between the two treatment modalities (Table 4). Similarly, no differences in stroke or death rate 
were identified between CAS and CEA among both symptomatic (3.1% vs. 3.7%, unadjusted 
OR 0.8, 95% CI 0.3-2.5) and asymptomatic patients (2.0% vs. 2.4%, unadjusted OR 0.8, 95% 
CI 0.3-2.2). While patients treated for early restenosis tended to have lower stroke or death rates 



72 73

with CAS compared to CEA (1.1% vs. 2.9%, unadjusted OR 0.4, 95% CI 0.1-2.1), the difference 
did not reach significance. Among all patients with late restenosis, stroke or death rate after CAS 
was 2.4% and after CEA 2.7% (unadjusted OR 0.9, 95% CI 0.2 – 3.5).

Secondary endpoint
Data on restenosis during follow-up was available for 716 patients from 10 studies14,16,18,19,24,28-32, 
with a median follow-up time of 13 months (interquartile range 8.5-26). Of these 716, 97 
patients developed restenosis >50% (14%, 51% CAS patients) and 45 had restenosis >70% 
(6%, 36% CAS patients). In an unadjusted analysis comparing restenosis >50% following CAS 
versus CEA, HR was 1.3, 95% CI: 0.8-1.9. After adjustment for predefined variables we also 
found no difference between the treatments groups regarding restenosis >50% in CAS patients 
(HR 1.4, 95% CI 0.7-2.2). Symptom status was not an effect modifier in this analysis (P of 
interaction=0.40), thus, this risk was similar for both symptomatic (HR 1.8, 95% CI 0.6-3.9) and 
asymptomatic patients (HR 1.3, 95% CI 0.8-2.3). Regarding clinical outcome during follow-up, 
there were 6 strokes (1 in the CAS group, 5 in the CEA group) and 8 cardiovascular deaths (3 in 
the CAS group, 5 in the CEA group) during follow-up. These limited numbers did not allow for a 
reliable comparison between treatments or (multivariable) analysis. 

Table IV Perioperative outcome in all patients undergoing CEA or CAS 

CEA 
N/total

% CAS
N /total

% OR 
(95% CI)

Primary outcome

     Any stroke or death 14/479 2.9 15/653 2.3 0.8 (0.4 – 1.6)

   Any stroke 12/479 2.5 13/653 2.0 0.8 (0.4 – 1.7)

   Death 4/479 0.8 4/653 0.8 0.7 (0.2 – 3.0)

   Myocardial infarction 9/479 2.2 8/653 1.2 0.5 (0.2 – 1.4)

CEA

   Cranial nerve injury 26/474 5.4 na na na

   Bleeding 13/474 2.7 na na na

   Wound infections 1/462 0.2 na na na

CAS

   Technical failure na na 8/640 1.3 na

   Residual stenosis na na 2/640 0.3 na

   Access site complication na na 11/580 1.7 na

CEA: carotid endarterectomy; CAS: carotid angioplasty and stenting; OR: odds ratio; na: not applicable.
Odds ratios for CAS compared to CEA are shown. 
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Minor complications
Following CEA, CNI was identified in 5.4%, bleeding in 2.7% and wound infections in 0.2%. 
After CAS, technical failure rate was 1.3%, residual stenosis was seen in 0.3% and access site 
complications were identified in 1.7% of cases. 

Sensitivity analysis
Table 5 shows an overview of all event rates per included study separately, showing percentages 
from 0 to 5.5% for CAS and 0 to 7.1% for CEA. A sensitivity analysis was performed by excluding 
patients from the largest study.16 In these subset analysis, a similar effect size and direction 
was identified for both primary and secondary endpoints compared to the entire cohort (1132 
patients, OR stroke/death: 0.9, 95% CI 0.3-2.6 and HR restenosis: 1.1, 95% CI 0.6-2.0). In 
addition, we analyzed outcome in the 4 studies with both treatments to be able to differentiate 
treatment effect and study effects and found similar results (data not shown).

Table V Procedural stroke and death rates reported in 13 included studies

CEA CAS

Alric et al., 2002 0%

Attigah et al., 2010 7.1% 0%

Benitez et al.,* 1998 0%

Bettendorf et al.,* 2007 7.1% 3.4%

Domenig et al., 2003 2.4%

Dorigo et al., 2013 0% 0%

Eskandari et al., 2010 1.4%

Fokkema et al., 2013 3.3% 3.2%

Halabi et al., 2006 2.8%

Jain et al., 2007 1.2%

Kadkhodayan et al., 2007 5.5%

Radak et al. 2012 0%

Vos et al.,† 2009 0%

CEA: carotid endarterectomy; CAS: carotid angioplasty and stenting.
All percentages are stroke and death rate adapted from individual patient data. All rates are 30-
day postoperative event rates, unless indicated otherwise. * Postoperative event timeframe not 
specified. † 7 day postoperative event rate.

DISCUSSION
This meta-analysis of individual patients’ data from thirteen studies shows that in symptomatic 
and asymptomatic patients with restenosis after prior ipsilateral CEA, perioperative stroke and 
death rate and restenosis during follow-up were comparable following CAS and CEA. These 
results indicate that restenosis after CEA is not a strict ‘high-risk’ criterion for redo-CEA when 
revascularization is considered indicated. As a consequence, both CAS and CEA seem suitable 
options to treat restenosis after prior ipsilateral CEA. It suggests that choice of treatment should 
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probably be based on patient characteristics (use of a shunt at the primary operation, severe co-
morbidities, poor anatomical accessibility e.g. due to excessive subcutaneous fat or a short neck) 
and physician experience. 
‘High-risk’ criteria for CEA have been a matter of debate for a long time.13,33 It remains undefined 
whether these patients are considered at increased risk for stroke, death or other periprocedural 
complications after CEA. While the Centers for Medicare & Medicaid approved reimbursement 
for CAS in patients with severe, symptomatic restenosis, no evidence exists that the results with 
stenting are better than with CEA in these patients. Our study proved that the absolute stroke rates 
were considerably low among both symptomatic and asymptomatic patients undergoing CEA 
or CAS. However, the indication for revascularization of asymptomatic patients with restenosis 
after prior CEA is still under debate, since a great proportion of lesions will potentially remain 
asymptomatic. In these patients, the procedural risk for either intervention should be carefully 
balanced against the natural risk for stroke during follow-up.34 
We also found that the durability of both procedures at follow-up was comparable, regardless of 
symptom status at baseline. However, the 50% cut-of point to determine restenosis after CAS is 
questionable, because stent tortuosity in CAS patients may lead to higher velocity patterns and 
subsequent increased degree of reported stenosis.35,36 Therefore, the rate of restenosis in CAS 
patients may be overestimated when compared to CEA patients. This was illustrated by a prior 
study, that reported an increased incidence of restenosis >50% in CAS compared to CEA, while 
this difference was absent when looking at restenosis >80%.21 Unfortunately, we were not able 
to look at severe restenosis greater than 70% or 80%, because most of the received IPD only 
reported on restenosis >50%. Besides the possible apparent in-stent restenosis in CAS patients, 
patients were followed for a median of 13 months in this study, possibly indicating that some 
restenosis cases have represented residual stenosis, instead of new, recurrent stenotic lesions. Yet 
it is important to consider that restenosis is usually asymptomatic.37

An increased risk for cranial nerve injury in patients undergoing redo-CEA has been reported 
previously.10,21 Our pooled CNI rate of 5.4% was comparable with CNI rate in primary CEA 
procedures (4.7% - 8.6%) as shown in prior large trials12,38,39, suggesting that the impact of redo-
CEA on nerve injury is limited. However, the uses of objective measurement methods play an 
important role in the detection of CNI and therefore, direct comparisons on CNI rates difficult. 
In general, the clinical relevance of nerve palsies seems limited due to its transient nature and 
minor impact on health related outcomes.40 
The strength of this study is a relatively high number of patients in both CEA and CAS groups. 
We have acquired data of more than 1100 patients out of a possible 7609. This last number is 
probably an overestimation because seven groups reported about similar or overlapping cohorts 
in a total of 20 articles. In addition, studies sometimes exclusively reported about different types 
of re-interventions than CEA or CAS, such as carotid bypass and interposition grafts or angioplasty 
without stent, which we excluded for this study. 
While a selection bias could have occurred based on the response rate and availability of data, 
this effort has still resulted in the largest comparison of CEA and CAS in patients with restenosis 
after prior CEA currently available. In addition, we were able to adjust for various risk factors, 
that may have a significant impact outcome after carotid intervention. While in most comparative 
analyses CAS patients generally have increased risk factors compared to CEA patients,13 in this 



74

PA
RT

 I

75

4

study we found that comorbidities between CEA and CAS patients were overall quite balanced. 
This was also indicated by the finding that adjustment for risk factors did not substantially change 
the risk of the primary endpoint. 
This study has some limitations. Although we have made an effort to include all eligible data that 
were available in the current literature, the number of events was considerably low, particularly 
during follow-up. Therefore, we were not able to adjust for potential confounders in subgroup 
analysis (e.g. stratified by symptom status) and to perform comparative analyses on clinical 
events (stroke or death) during follow-up. While the response rate on our IPD data request was 
acceptable, we could not acquire data of numerous studies. However, we cannot make inferences 
regarding the possible influence of excluded data, because analyzing aggregate data from these 
studies would be less reliable than IPD.41 In addition, publication bias could be an issue, but 
unfortunately this is inherent in meta-analyses, because positive results of treatments are more 
likely to get published. Another concern with IPD data is that certain studies may have a greater 
impact on outcome than others. Therefore, we conducted a sensitivity analysis by excluding 
the largest study.16 This did not change the results, indicating that the reported outcomes are not 
driven by this study only. Finally, we could not reliably adjust for confounding due to clustering of 
patients within studies. Ideally, in IPD meta-analysis, this is taken into account by analyzing the 
data using a random effects model. However, for a number of studies included in our analysis, all 
patients in the particular studies were treated with the same treatment modality. Consequently, 
our analysis could not differentiate between study effects (i.e., differences between studies) and 
the actual treatment effect.
Nonetheless, this is the best (available) evidence to date, and a randomized controlled trial in 
this small group of patients, accompanied by low event rates after the intervention, would not 
be feasible.
Conclusions. In patients with restenosis after previous ipsilateral CEA, CAS does not appear to 
be superior to redo-CEA in terms of procedural stroke and death, indicating that this cannot be 
confirmed as a high-risk condition for redo-CEA.
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ABSTRACT
Objectives. CMS requires high-risk (HR) criteria for carotid stent (CAS) reimbursement. The 
impact of these criteria on outcomes after carotid endarterectomy (CEA) and CAS remains 
uncertain. Additionally, if these HR criteria are associated with more adverse events after CAS, 
then existing comparative effectiveness analysis of CEA vs CAS may be biased. We sought to 
elucidate this using data from the SVS Vascular Registry™.

Methods. We analyzed 10,107 patients undergoing CEA (6,370) and CAS (3,737), stratified by 
CMS HR criteria. The primary endpoint was composite death, stroke and MI (MACE) at 30 days. 
We compared baseline characteristics and outcomes using univariate and multivariable analyses. 

Results. CAS patients were more likely to have preoperative stroke (26% vs 21%) or TIA (23% 
vs 19%) than CEA. While age ≥ 80 years was similar, CAS patients were more likely to have all 
other HR criteria. For CEA, HR patients had higher MACE than normal risk in both symptomatic 
(7.3% vs 4.6%, p<0.01) and asymptomatic patients (5% vs 2.2%, p<0.0001). For CAS, HR status 
was not associated with a significant increase in MACE for symptomatic (9.1% vs 6.2%, p=0.24) 
or asymptomatic patients (5.4% vs 4.2%, p=0.61). All CAS patients had MACE rates similar to 
HR CEA. After multivariable risk adjustment, CAS had higher rates than CEA for MACE (OR 1.2, 
95% CI 1.0-1.5), death (1.5, 1.0-2.2) and stroke (1.3, 1.0-1.7), while there was no difference in 
MI (OR 0.8, 0.6-1.3). Among CEA patients, age ≥ 80 (OR 1.4, 1.02-1.8), CHF (OR 1.7, 1.03-2.8), 
EF<30% (OR 3.5, 1.6-7.7), angina (OR 3.9, 1.6-9.9), contralateral occlusion (OR 3.2, 2.1-4.7), 
and high anatomic lesion (OR 2.7, 1.33-5.6) predicted MACE. Among CAS patients, recent MI 
(OR 3.2, 1.5-7.0) was predictive and radiation (OR 0.6, 0.4-0.8) and restenosis (OR 0.5, 0.3-
0.96) were protective for MACE.

Conclusions. While CMS HR criteria can successfully discriminate a group of patients at HR for 
adverse events after CEA, certain CMS HR criteria are more important than others. However, CEA 
appears safer for the majority of patients with carotid disease. Among patients undergoing CAS, 
non-HR status may be limited to restenosis and radiation.
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INTRODUCTION
Over the last two decades, carotid artery stenting (CAS) has emerged as an alternative to 
carotid endarterectomy (CEA) to reduce the risk of stroke in patients with severe carotid artery 
stenosis. Meanwhile, subsequent trials have shown conflicting results with failure to meet non-
inferiority between the two revascularization procedures in average risk patients.1-4 The Centers 
for Medicare and Medicaid Services (CMS) have approved reimbursement for CAS in patients 
who are at ‘high risk’ for CEA with symptomatic ≥70% stenosis unless enrolled in a clinical 
trial.5 High risk (HR) criteria include several medical and anatomic conditions; criteria that many 
presume are associated with increased operative risk. 
As a result of these HR criteria proposed by CMS, there may be over representation of HR and/or 
symptomatic patients selected for CAS, which may introduce bias into the comparisons of CAS 
and CEA. Additionally, there is no clear evidence suggesting that the risk with CAS is lower in 
these HR patients when compared to CEA. The HR criteria used by CMS were developed years 
ago, based on outcomes from a randomized trial including mainly asymptomatic patients6 and 
several prospective – still ongoing at that time – CAS registries.7-9 The validity of these HR criteria 
was called into question by several authors.10-13 However, the results of these studies cannot be 
justified since they are limited by low numbers of patients or the inability to adequately stratify 
patients into HR groups using only administrative data. 
The Vascular Registry (VR) is the largest published database of CAS in the United States, designed 
to capture real-world practices. It therefore allows stratification of patients undergoing CAS or 
CEA by symptom status as well as the predefined HR criteria of CMS. In this study, we aimed to 
assess the validity and the impact the impact of these HR criteria on 30-day outcomes following 
CAS and CEA and to identify patient factors associated with increased procedural risk.

METHODS
VR data are reported by providers through web-based electronic data capture. The measurement 
schedule includes baseline (preoperative) demographics, medical history, carotid symptom 
status, pre-procedural diagnostic imaging and laboratory studies, procedural (CAS or CEA) 
information including clinical utility, intraoperative and pre-discharge complications, and 
follow-up information such as postoperative mortality, stroke, myocardial infarction and other 
morbidity. Specifically, the VR include all individual HR criteria outlined by CMS. The VR does 
not use inclusion or exclusion criteria for patient eligibility and is reliant on site entry of patients 
in whom CAS or CEA is performed. All data entered into the VR are fully compliant with the 
Health Insurance Portability and Accountability Act (HIPAA) regulations and are auditable. 
All data reports and analyses performed include only de-identified and aggregated data. New 
England Research Institutes, Inc (NERI, Watertown, MA) maintains the online database and 
funding for the administration and database management of the VR has been provided by the 
Society for Vascular Surgery.

Outcomes. The primary endpoint was a major adverse cardiovascular event (MACE) diagnosed 
within 30 days of treatment, defined as a composite of death, stroke, and myocardial infarction 
(MI). Secondary outcomes were combined stroke and death, death, stroke, and MI at 30-days 
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following CAS and CEA. Stroke is defined as any non-convulsive, focal neurological deficit of 
abrupt onset persisting more than 24 hours. The ischemic event must correspond to a vascular 
territory. An MI is classified as either Q wave MI in which one of the following criteria is 
required: (1) chest pain or other acute symptoms consistent with myocardial ischemia and new 
pathological Q waves in two or more contiguous ECG leads, or (2) new pathologic Q waves 
in two or more contiguous ECG leads and elevation of cardiac enzymes; or non-Q wave MI, 
defined as CK ratio >2, and CK-MB >1 in the absence of new, pathological Q waves. Analysis 
of 30-day outcomes was based on only those patients who had at least a 30-day post procedure 
visit or who experienced a MACE within 30 days of treatment. 

Statistical methods. Tests of statistical significance were conducted with χ2 or Fisher’s exact tests 
for categorical variables and two-tailed t test for continuous variable age. Descriptive statistics 
are listed as percent (frequency) for categorical variables and mean (range) for continuous 
variable age. Subset analyses were performed using the χ2 or Fisher’s exact test, as necessary, for 
discrete/categorical data. The event rates are calculated per-patient. Unadjusted and adjusted 
odds ratios were used to compare the primary outcomes across treatment groups. Odds ratios 
were adjusted for symptomatic status and HR status in the overall comparison of CEA and CAS. 
Differences were considered significant if P < .05. All statistical analyses were performed by 
NERI using SAS Statistical Software (Cary, NC).

RESULTS
Data collected in the VR from November 2001 – September 2011 from 81 institutions (community-
based, university-based, private practice, and non-university teaching hospitals) were analyzed. 
10,107 patients who underwent CEA (n=6,370; 37.5% symptomatic) and CAS (n=3,737; 45.5% 
symptomatic) with data on 30-day outcomes were identified. The majority of the procedures 
(71% CAS; 93% CEA) were performed by vascular surgeons. Baseline demographics, patient 
characteristics, CMS HR status and individual HR factors are presented in Table I and II. Mean 
age was 71 years, and approximately 59% were male and 92% were white. CAS patients were 
more likely to have a preoperative stroke (25.5% vs. 21.0% CEA, P = <0.001) or TIA (23.1% vs. 
19.1% CEA, P =<0.001) compared to CEA patients. CAS patients also had a significantly higher 
prevalence of cardiac comorbidities (coronary artery disease [57.8% vs. 48.1%], MI [22% vs. 
16.3%], chronic heart failure [14.1% vs. 7.8%]), and non-atherosclerotic disease (recurrent or 
radiation induced stenosis [31.5% vs. 1.8%]). All individual CMS qualifying high risk factors 
were more prevalent in CAS patients, except for age ≥80 (19.3% CAS vs. 20.7% CEA, P =NS). 
Only 37% of CEA patients met any of the HR factors compared to 90.5% of CAS patients (P 
<0.001).

CEA outcomes. In symptomatic patients, the 30-day rate of MACE was 7.3% in HR patients versus 
4.6% (P = 0.008) in non-HR patients. Combined stroke/death and death rates were significantly 
higher in HR patients compared to non-HR patients (6.4% vs. 3.9%, P =0.006 and 1.8% vs. 
0.6%, P = 0.008, respectively). Stroke alone did not show significant differences between HR 
and non-HR symptomatic patients (4.9% vs. 3.5%, P =0.09). 
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Table I Demographics and clinical characteristics of 10,107 patients undergoing CEA or CAS in 
SVS VR 

CEA
(n =6370)

 CAS 
(n = 3737)

 P-value

Age (year, mean, range) 70.9 (18 - 96) 70.9 (34 - 98) 0.98

Gender (male) 58.6% 60.4% 0.08

White - Caucasian 92.8% 91.9% 0.13

Symptom status 38.0% 41.0% <0.01

Preoperative Symptoms

      Stroke 21.0% 25.5% <0.001

      TIA 19.1% 23.1% <0.001

      TMB 5.4% 7.4% <0.001

Etiology of lesion <0.001

Atherosclerosis 98.2% 68.5%

Radiation 0.1% 5.2%

Restenosis 1.3% 24.0%

Diabetes 31.4% 34.0%  <0.01

Hypertension 84.3% 83.0% 0.08

Current or Past Smoker 60.8% 61.3% 0.65

Coronary Artery Disease 48.1% 57.8% <0.001

Myocardial Infarction 16.3% 22.0% <0.001

Valvular Heart Disease 7.9% 6.0%  <0.001

Cardiac Arrhythmia 12.9% 14.4% 0.03

Congestive Heart Failure 7.8% 14.1% <0.001

COPD 17.7% 20.3%  <0.01

Chronic Renal Failure 3.4% 3.8% 0.28

Peripheral Vascular Disease 43.7% 37.2% <0.001

GI Ulcer/Bleeding 3.0% 4.8% <0.001

Cancer 13.0% 19.8% <0.001

Coagulopathy 1.4% 1.1% 0.2

NY Heart Association Scale

Class I or II 95.4% 89.1% <0.001

Class III or IV 4.6% 10.9%

TIA, transient ischemic attack; TMB, transient monocular blindness; COPD, chronic obstructive pulmonary 

disease; GI, gastrointestinal; NY, New York
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The rate of MI was similar between HR and non-HR patients (1.4% vs. 1.1%, P =0.57). (Table III) 
In asymptomatic patients, the 30-day rate of MACE was 5.0% in HR patients versus 2.2% in non-
HR patients (P <0.001). Combined stroke/death, death, and stroke rates were all significantly 
higher in HR patients compared to non-HR patients. There was no difference in the rate of MI 
between HR and non-HR asymptomatic patients (1.6% vs. 1.1%, P =0.30). (Table IV) 
In univariate analysis, patients with contralateral occlusion had significantly higher risks of MACE 
(symptomatic 16.1%, asymptomatic 8.8%), stroke/death (symptomatic 16.1%, asymptomatic 
7.2%), death (symptomatic and asymptomatic 2.2%), and stroke (symptomatic 15.1%, 
asymptomatic 5.0%) compared to patients without contralateral occlusion. A multivariable model 
showed that symptomatic status, age ≥80, CHF Class III/IV, LVEF<30%, angina, contralateral 
occlusion and high anatomic lesion were independent predictors for MACE (Table V). The same 
factors were identified as predictors for stroke/death with the exception of age ≥ 80. CHF, angina, 
restenosis, and contralateral occlusion were risk factors for death. For stroke alone, symptomatic 
status, contralateral occlusion, and a high anatomic lesion were predictive. Angina was the only 
risk factor identified for MI.

Table II CMS Qualifying High Risk Factors

CEA
(n = 6370)

CAS
(n = 3737)

P-value

Age ≥ 80 years 19.3% 20.7% 0.1

NYHA CHF Class III/IV 3.5% 10.4% <0.001

LVEF < 30% 0.9% 4.1% <0.001

Unstable Angina 0.6% 3.6% <0.001

Recent MI (within 30 days) 0.5% 1.2% <0.001

Restenosis 2.5% 29.5% <0.001

Radical neck dissection 0.1% 4.0% <0.001

Contralateral occlusion 4.3% 13.4% <0.001

Prior radiation to neck 0.3% 8.4% <0.001

Contralateral laryngeal nerve injury 0.1% 0.9% <0.001

High anatomic lesion 1.2% 9.4% <0.001

At Least One High Risk Factor 37.0% 90.5% <0.001

NYHA, New York Heart Association; LVEF, left ventricle ejection fraction; MI, myocardial infarction

CAS outcomes. In both symptomatic and asymptomatic CAS patients, no significant difference 
was detected in MACE between HR and non-HR patients (9.1% vs. 6.2%, p=0.25 symptomatic, 
5.4% vs. 4.2%, P =0.6 asymptomatic) (Table III and IV). Stroke/death, mortality, stroke, and MI 
rates were similar in both groups for both symptomatic and asymptomatic patients. 
In a multivariable model, symptom status (OR 1.6, 95%CI 1.3-2.2) and recent MI (OR 3.4, 95%CI 
1.7-7.0) were independent predictors for MACE, while restenosis (MACE rate: 3.5%, OR 0.6, 
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95%CI 0.4 – 0.8) and previous cervical radiation therapy (MACE rate: 4.6%, OR 0.4, 95%CI 0.2-
0.8) were protective (Table VI). The same predictors were identified for combined stroke/death. 
Angina (OR 2.4, 95%CI 1.1-5.6), previous MI (OR 8.0, 95%CI 3.4 – 18.9) and contralateral 
occlusion (OR 1.9, 95%CI 1.1-3.4) were risk factors for mortality. Independent predictors for 
stroke alone were symptom status and age ≥80 years. Age ≥80 was the only predictor for MI (OR 
2.1, 95% CI 1.1-3.8). 

Anatomical high-risk factors. In symptomatic patients with contralateral occlusion, 30-day 
MACE rate was 16.1% after CEA and 9.3% after CAS (P = 0.13). In asymptomatic patients, MACE 
rates were 8.8% after CEA versus 6.9% after CAS (P = 0.58). Risk for MACE in patients with 
symptomatic restenosis was 7.9% after CEA versus 6.7% (P= 0.79) after CAS and 7.1% versus 
3.5% (P = 0.10) in asymptomatic patients. Patients with prior neck radiation undergoing CAS 
(n=315) had MACE risk of 4.5% (symptomatic patients) and 2.5% (asymptomatic patients). Only 
19 patients with prior neck irradiation had CEA, without any adverse events. For patients with a 
high anatomical lesion (C2 or higher), symptomatic patients had a risk for MACE of 11.9% after 
CEA versus 13.2% after CAS (P = 1.0). In asymptomatic patients, MACE rate was 12.2% after CEA 
versus 4.52% after CAS (P = 0.13).

Table III 30-Day event rates for symptomatic patients undergoing CEA and CAS stratified by risk 
group

CEA Patients

HR 
(n = 936)

Non-HR 
(n = 1470) P-value

MACE 7.3% 4.6% <0.01

Stroke, Death 6.4% 3.9% <0.01

Mortality 1.8% 0.6% <0.01

Stroke 4.9% 3.5% 0.09

MI 1.4% 1.1% 0.57

CAS Patients

HR 
(n = 1538)

Non-HR 
(n = 162) P-value

MACE 9.1% 6.2% 0.25

Stroke, Death 7.9% 4.9% 0.21

Mortality 2.4% 1.9% 1

Stroke 6.7% 3.7% 0.18

MI 1.4% 1.2% 1

HR, high risk; MACE, major adverse cardiovascular events; MI, myocardial infarction
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CAS versus CEA outcome. No significant differences in MACE were identified between CAS 
and CEA within the strata of non-HR and HR group. Symptomatic HR patients had 9.1% MACE 
risk following CAS versus 7.3% after CEA (OR 1.3, 95%CI 0.95 – 1.73, P = 0.11). MACE risk 
in asymptomatic HR patients was 5.4% after CAS versus 5.0% after CEA (OR 1.1, 95%CI 0.79 
– 1.47, P = 0.65). In non-HR group, symptomatic patients undergoing CAS had a MACE risk 
of 6.2% versus 4.6% in patients undergoing CEA (OR 1.4, 95%CI 0.69 – 2.69, P = 0.38). For 
asymptomatic non-HR patients, MACE risk was 4.2% after CAS versus 2.2% after CEA (OR 1.92, 
95%CI 0.90 – 4.09, P = 0.09). In unadjusted models assessing outcome across treatment groups, 
CAS patients had higher odds ratios for MACE (1.7, 95% CI 1.4 - 2.0), combined stroke and death 
(1.9, 95% CI 1.6 - 2.3), mortality (2.3, 95% CI 1.6 - 3.2) and stroke (1.9, 95% CI 1.5 - 2.4), but 
not for MI (0.9, 95% CI 0.7 - 1.4). After adjusting for symptom and HR status, CAS patients had 
still higher odds ratios for MACE (1.2, 95% CI 1.0-1.5), mortality (1.5 95% CI 1.0-2.2) and stroke 
(1.4 95% CI 1.0-1.7), while there was no difference in stroke/death and MI. (Table VII)

Table IV 30-Day event rates for asymptomatic patients undergoing CEA and CAS stratified by 
risk group

CEA Patients

 HR 
(n = 1418)

 Non-HR 
(n = 2546)  P-value

MACE 5.0% 2.2% <.001

Stroke, Death 3.7% 1.4% <.001

Mortality 1.3% 0.5% <0.01

Stroke 2.7% 1.1% <0.001

MI 1.6% 1.1% 0.3

CAS Patients

 HR 
(n = 1844)

Non-HR 
(n = 193)  P-value

MACE 5.4% 4.2% 0.61

Stroke, Death 4.8% 3.6% 0.59

Mortality 1.7% 1.6% 1

Stroke 3.4% 2.6% 0.68

MI 1.1% 1.0% 1

HR, high risk; MACE, major adverse cardiovascular events; MI, myocardial infarction



PA
RT

 II

88 89

5

Ta
bl

e 
V

 P
re

di
ct

or
s 

fo
r 

30
-d

ay
 o

ut
co

m
es

 o
f C

EA

M
A

C
E

St
ro

ke
/D

ea
th

 
St

ro
ke

D
ea

th
M

I

R
is

k 
Fa

ct
or

s
O

R
95

%
 C

I
O

R
95

%
 C

I
O

R
95

%
 C

I
O

R
95

%
 C

I
O

R
95

%
 C

I

Sy
m

pt
om

at
ic

1.
8

1.
4 

- 
2.

4
2.

3
1.

7 
- 

3.
1

2.
5

1.
8 

- 
3.

5
-

-
-

-

A
ge

 ≥
 8

0 
1.

4
1.

0 
- 

1.
8

-
-

-
-

-
-

-
-

C
H

F 
C

la
ss

 (I
II/

IV
) 

1.
7

1.
0 

- 
2.

8
1.

8
1.

0 
- 

3.
2

-
-

3.
5

1.
5 

-7
.8

-
-

LV
EF

 <
 3

0%
3.

5
1.

6 
- 

7.
7

3.
2

1.
3 

- 
7.

6
-

-
-

-
-

-

A
ng

in
a

3.
9

1.
6 

- 
9.

9
3.

2
1.

1 
- 

9.
6

-
-

5.
9

1.
6 

- 
21

.4
6.

8
2.

0 
– 

22
.5

C
on

tr
al

at
er

al
 O

cc
lu

si
on

3.
2

2.
1 

- 
4.

7
3.

7
2.

4 
- 

5.
8

4.
1

2.
6 

- 
6.

6
2.

5
1.

0 
- 

5.
9

-
-

H
ig

h 
A

na
to

m
ic

 L
es

io
n

2.
7

1.
3 

- 
5.

6
3

1.
4 

- 
6.

5
3.

4
1.

5 
- 

7.
6

-
-

-
-

R
es

te
no

si
s

-
-

-
-

-
-

3.
6

1.
4 

- 
9.

3
-

-

M
A

C
E,

 m
aj

or
 a

dv
er

se
 c

ar
di

ov
as

cu
la

r 
ev

en
t; 

M
I, 

m
yo

ca
rd

ia
l 

in
fa

rc
tio

n;
 O

R
, 

od
ds

 r
at

io
; 

C
I, 

co
nfi

de
nc

e 
in

te
rv

al
; 

C
H

F,
 c

on
ge

st
iv

e 
he

ar
t 

fa
ilu

re
, 

le
ft 

ve
nt

ri
cl

e 
ej

ec
tio

n 
fr

ac
tio

n

Ta
bl

e 
V

I 
Pr

ed
ic

to
rs

 fo
r 

30
-d

ay
 o

ut
co

m
es

 o
f C

A
S

M
A

C
E

St
ro

ke
/D

ea
th

 
St

ro
ke

D
ea

th
M

I

R
is

k 
Fa

ct
or

s
O

R
95

%
 C

I
O

R
95

%
 C

I
O

R
95

%
 C

I
O

R
95

%
 C

I
O

R
95

%
 C

I

Sy
m

pt
om

at
ic

2
1.

5 
- 

2.
6

1.
6

1.
2 

- 
2.

1
2

1.
5 

- 
2.

7
-

-
-

-

A
ge

 ≥
 8

0 
-

-
-

-
1.

5
1.

1 
- 

2.
1

-
-

2.
1

1.
1 

- 
3.

8

R
ec

en
t M

I
3.

2
1.

5 
- 

7.
0

4
2.

0 
- 

8.
3

-
-

8
3.

4 
- 

18
.9

-
-

A
ng

in
a

-
-

-
-

-
-

2.
4

1.
1 

- 
5.

6
-

-

C
on

tr
al

at
er

al
 O

cc
lu

si
on

-
-

-
-

-
-

1.
9

1.
1 

- 
3.

4
-

-

R
es

te
no

si
s

0.
6

0.
4 

- 
0.

8
0.

6
0.

5 
- 

0.
9

-
-

-
-

-
-

Pr
io

r 
R

ad
ia

tio
n 

to
 N

ec
k 

0.
5

0.
3 

- 
0.

9
0.

5
0.

3 
- 

0.
9

-
-

-
-

-
-

M
A

C
E,

 m
aj

or
 a

dv
er

se
 c

ar
di

ov
as

cu
la

r 
ev

en
t; 

M
I, 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n;
 O

R
, o

dd
s 

ra
tio

; C
I, 

co
nfi

de
nc

e 
in

te
rv

al



90 91

Table VII 30-day outcome of CAS versus CEA, unadjusted and adjusted for HR and symptomatic 
patients

 Unadjusted CAS vs. CEA  Adjusted CAS vs. CEA

OR 95% CI P-value OR 95% CI P-value

MACE 1.7 1.4 - 2.0 <0.001 1.2 1.0 - 1.5 0.04

Stroke, Death 1.9 1.6 - 2.3 <0.001 1.3 1.1 - 1.7 0.01

Death 2.3 1.6 - 3.2 <0.001 1.5 1.0 - 2.2 0.04

Stroke 1.9 1.5 - 2.4 <0.001 1.4 1.1 - 1.7 0.02

MI 0.9 0.7 - 1.4 0.91 0.9 0.6 - 1.3 0.46

OR, odd ratio; CI, confidence interval; MACE, major adverse cardiovascular event; MI, myocardial infarction

DISCUSSION
Patients with symptomatic or asymptomatic severe carotid stenosis and HR status have an 
increased risk for MACE following CEA compared to non-HR patients undergoing CEA. Of the 
CMS HR criteria, age ≥80, CHF, angina, contralateral occlusion and high anatomic lesion predict 
MACE after CEA. For CAS, 30-day outcomes between HR and non-HR patients were similar. Prior 
MI predicted MACE after CAS, while previous radiation and restenosis proved to be protective 
conditions. By comparing CAS and CEA after adjusting for symptoms and HR status, CAS patients 
had significantly higher rates than CEA for MACE, combined stroke/death, mortality, and stroke, 
while there was no difference in MI. 
Our results emphasize that some, but not all, CMS HR criteria identify patients at increased 
risk for MACE after CEA. However, these patients do not per se seem to benefit from CAS. CMS 
reimbursement for CAS covers HR symptomatic patients, as long as stenting is performed using 
FDA-approved systems with embolic-protection devices and at CMS-approved facilities. This 
policy was mainly based on favorable endovascular results of the SAPPHIRE trial, designed to 
compare CAS versus CEA in a HR population.14, 15 The applicability of the results was however 
questioned by several others. In SAPPHIRE, the 30-day stroke, death, and MI rates in the CEA 
arm were as high as 9.8% (vs. 4.8% CAS, P =.09). The MI rate of 6.6% strongly influenced 
this combined endpoint. Also, approximately 70% of the study population was asymptomatic. 
Outcomes of our VR real world data looking at the same HR population consequently do 
not compare with the SAPPHIRE trial, with a MACE rate of 5.0% (MI rate: 1.6%) after CEA in 
asymptomatic patients and 7.3% in symptomatic patients. Noteworthy, the primary end point in 
SAPPHIRE did not differ significantly in symptomatic patients at 30-days and at 1 year (16.8% 
CAS vs. 16.5% CEA, P = 0.95), one of the major reimbursement criteria from CMS. 
Several other studies have retrospectively sought to evaluate medical,10, 13 anatomical,16-18 or 
a combination of HR criteria11, 12, 19, 20 outlined by CMS. Most of these studies analyzed risk 
factors against a non-HR group in only one treatment arm (CAS or CEA). Our prior analysis10 
using the Nationwide Inpatient Sample identified significantly lower stroke/death rates after 
CEA compared to CAS with a stratified analysis by symptom status and HR status, questioning 
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the validity of the HR criteria. In that analysis, medical HR status was associated with worse 
outcome (stroke/death, mortality) following CEA compared to non-HR patients undergoing CEA. 
Outcomes with CAS, however, were not improved in these high risk patients (combined stroke/
death CAS vs. CEA in symptomatic patients: 14.4% vs. 6.9%, P<0.001). However, anatomic 
HR could not be determined and medical HR could not be precisely quantified due to the 
limitations of administrative data. Additionally, outcome events other than death may not be 
reliably documented with administrative data. 
We undertook the current analysis to perform a thorough identification of HR factors and better 
discrimination of pre- and postoperative outcomes. We found that recent angina was a predictor 
for all major outcomes after CEA except for stroke alone, and also a predictor for death after CAS. 
We also found that those patients aged ≥80 years had an increased risk for MACE after CEA, and 
for stroke and MI after CAS. A differential effect of advancing age on outcome was also observed 
in the CREST lead in and the randomized trial, where older patients had significantly better 
outcomes after CEA and younger patients had a non-significant trend toward better outcomes 
after CAS.21-23 
Considering anatomical HR factors, we found that patients with contralateral occlusion were at 
high risk for adverse outcomes following CEA and CAS. Controversy regarding the benefit of CEA 
exists in patients with contralateral occlusion, with some studies reporting similar outcome after 
CEA,18, 24 while others showing increased risk of adverse events.25, 26 However, little data exist to 
evaluate the impact on CAS outcomes.27 Our data suggest that the risk for adverse outcome after 
both CEA and CAS was increased in patients with contralateral occlusion, in both symptomatic 
and asymptomatic patients.  We were not able to assess shunt use during CEA, which might 
impact perioperative outcome. For patients with restenosis, this was not true. With an odds 
ratio of 3.6 (95%CI, 1.4-9.3), restenosis was predictive for death after CEA, but proved to be a 
protective condition for MACE and stroke/death after CAS. However, MACE rates were similarly 
high between symptomatic patients undergoing CAS and CEA, but for asymptomatic patients the 
MACE rate with CAS was half that of CEA (3.5% vs. 7.1%, P = NS). This expands the evidence 
of a prior report of the VR, were no differences in stroke/death/MI rate between CAS patients 
with atherosclerotic disease compared to non-atherosclerotic disease (e.g. restenosis and prior 
radiation therapy) were identified.16 These findings suggest that asymptomatic patients with 
restenosis or prior radiation therapy might be considered as the only ‘low’ risk group in CAS. 
Differences in histology may explain this observation, since intimal hyperplasia and radiation-
induced plaque have been shown to be more stable compared to atherosclerotic plaque.28, 29 
Additionally, patients with high anatomical lesions suffered from high MACE risks after both 
procedures (>10% in symptomatic patients), far beyond the accepted complication rates after 
carotid revascularization and thus questioning the benefit of revascularization over medical 
treatment in these patients. No such trials exist today and accepted rates are however based on 
trials in which these patients were specifically excluded, such as CREST.30 
Results of the CREST trial showed that both symptomatic and asymptomatic patients had equal 
low risks after CAS and CEA for combined stroke/death/MI.23 Stroke rates alone were lower 
following CEA while an increased risk for MI was seen compared to CAS. Symptomatic patients 
had lower stroke and death rates with CEA compared to CAS.31 As stated above, most HR criteria 
outlined by CMS (except for age≥80 years and contralateral occlusion) were exclusion criteria 
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in this trial. The study also required that interventionalists have documented prior performance 
of at least 35 CAS procedures, emphasizing that CAS might be a safe procedure under specific 
conditions in selected patients treated by selected physicians. Unadjusted data from a regional 
quality improvement registry (VSGNE) showed increased in-hospital risk for stroke/death/MI in 
symptomatic patients undergoing CAS (5.8%) compared to CEA (2.7%), but equal results in 
asymptomatic patients.32 In the real world data from the VR, the vast majority (90.5%) of the CAS 
patients meet CMS HR criteria and had more comorbid conditions than CEA patients where only 
37% were HR, making unadjusted comparison difficult to interpret and likely biased. 
This study has several limitations. Self-reporting bias by treating physicians and institutions is 
inherent to any registry-based study and the potential effect of reporting bias within the Vascular 
Registry has been investigated and discussed. Given that 90% of CAS patients were HR there 
were a relatively small number of patients in the non-HR group available for stratified analysis. It 
is possible that a type II error prevented finding a significant difference in subgroup comparisons 
stratified by symptom status and non-HR status. It is also possible that some of the patients 
considered non-HR were in fact HR and were mislabeled. Given that CMS reimbursement and 
site approval for performance of CAS in Medicare patients is dependent upon this documentation, 
we feel that this is unlikely. Non-HR patients may be entered into clinical trials and have CMS 
re-imbursement. Because the VR data is capturing real world data, it is reliant on site entry 
of patients without predefined exclusion or inclusion criteria. Therefore, differences in patient 
selection may have occurred for both CAS and CEA. Lastly, the combined outcome of MACE is 
flawed in that it equates death, stroke, and MI. While there has been considerable debate about 
the relative importance of stroke versus MI,33, 34 we do not think this impacts our findings as we 
had similar findings using the stroke/death outcome that had previously been considered the 
standard. 
In conclusion we find that certain CMS HR criteria are associated with adverse outcomes after 
CEA. However, outcomes in HR patients are not improved after CAS, and patients treated with 
CEA fare better than CAS after adjustment for symptom status and HR status. Therefore, our study 
finds little advantage for CAS over CEA in patients at HR for perioperative complications, and 
suggests that the strongest advantage of CAS over CEA lies in patients with restenosis or prior 
neck radiation, as compared to those patients with HR medical conditions. 
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ABSTRACT
Objectives. The impact of degree of contralateral stenosis on clinical outcome following 
carotid angioplasty and stenting (CAS) and endarterectomy (CEA) remains unknown. We aimed 
to identify those patients at increased procedural risk due to contralateral carotid stenosis or 
occlusion.

Methods. From 2003-2012, all patients undergoing CEA or CAS in the Vascular Study Group 
of New England were identified. Patients were stratified by preoperative symptom status and 
degree of ipsilateral stenosis (50-79% or 80-99% as assessed by duplex ultrasound). The primary 
endpoint was any stroke or death at 30 days postoperatively. Bivariate and multivariable analyses 
(adjusted for age, gender and procedure) were performed to assess the impact of the degree of 
contralateral stenosis. 

Results. In total 8925 CEA patients (33% symptomatic) and 614 CAS patients (34% symptomatic) 
were included. In asymptomatic patients with ipsilateral 80-99% stenosis, stroke/death rate was 
0.9% (n=45). Of those, patients with contralateral occlusion had significantly increased stroke/
death rate (3.4%, OR 4.5, 95% CI 2.1 – 9.9 [vs. <50%]). In symptomatic patients with 50-79% 
ipsilateral stenosis, stroke/death rate was 2% (n=22). Of those, patients with 80-99% contralateral 
stenosis had the highest stroke/death rate (6.9%, OR 5.1, 95% CI 1.1 – 24.7 [vs. <50%]), followed 
by patients with CCO although this was not significant (5.1%, OR 2.7, 95% CI 0.7 – 11.5 [vs. 
<50%]). Contralateral disease or occlusion did not impact outcome in asymptomatic patients 
with 50-79% ipsilateral stenosis and in symptomatic patients with 80-99% ipsilateral stenosis. 

Conclusions. The impact of contralateral disease on outcome after carotid revascularization is 
different for asymptomatic versus symptomatic patients. CCO increases the risk for asymptomatic 
patients with 80-99% ipsilateral stenosis, while 80-99% contralateral stenosis increases the risk 
for symptomatic patients with 50-79% ipsilateral stenosis.
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INTRODUCTION
Stroke is the leading cause of disability in the western world with a significant proportion 
attributable to carotid artery disease.1 Among an average risk population with severe symptomatic 
or asymptomatic carotid artery stenosis, carotid endarterectomy (CEA) reduces the risk for future 
stroke significantly, despite the risk of stroke associated with surgery.2,3 Yet, several patient related 
factors have been suggested to increase the perioperative stroke risk with CEA, and for some 
of those patients, carotid angioplasty and stenting (CAS) has been proposed as an alternative 
revascularization procedure.4 
Occlusion of the contralateral artery is one factor that potentially increases surgical stroke risk, 
however, the evidence to support this hypothesis is conflicting. While some studies, including 
the North American Symptomatic Carotid Endarterectomy Trial (NASCET) and the Asymptomatic 
Carotid Atherosclerosis Study (ACAS) demonstrated increased rates of stroke or death among 
patients with contralateral carotid occlusion (CCO) undergoing CEA,5-10 others found no 
difference or a marginally higher risk in patients with CCO compared to patients without CCO.11-

14 The risk associated with CAS in CCO patients may also be increased, because CAS does not 
offer shunting in the presence of a diminished collateral circulation.15 Previous comparative 
analyses between CAS and CEA showed equivalent outcome between CAS and CEA in patients 
with CCO.16,17 
While several prior studies have reported on the outcome of patients with CCO, limited evidence 
is available on the impact of non-occlusive contralateral carotid stenosis.18 Patients with severe 
contralateral stenosis (eg 80-99%), likely have many of the same risk factors as those patients 
with CCO including reduced collateral circulation, advanced cerebrovascular disease and 
increased risk for cerebral hyperperfusion following revascularization. 
In the present study, we hypothesized that the severity of the contralateral artery stenosis might 
influence outcome after revascularization, regardless of the type revascularization procedure. 
Therefore, we stratified patients by symptom status and degree of ipsilateral carotid stenosis 
to study the impact of contralateral carotid disease on perioperative outcome after carotid 
revascularization procedures. 

METHODS
Database. Prospectively collected data from the Vascular Study Group of New England (VSGNE) 
were used for this analysis. The VSGNE is a regional quality improvement initiative developed in 
2002, which currently includes over 180 physicians at 30 centers (14 academic, 16 community 
centers). Preoperative clinical characteristics, imaging studies, operative outcome and follow-
up data are collected and entered in the registry by trained nurses or clinical data abstractors. 
Operative details are entered by surgeons. Research analysts are blinded to patient, surgeon, and 
hospital identity. Further details on this registry have been published previously and are available 
at http://www.vascularweb.org/regionalgroups/vsgne.19

VSGNE data have been validated for completeness using audits of discharge claims data from 
each participating institution.20 Additionally, no mortality bias was seen in an audit of cases not 
initially captured.19 
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Table I Preoperative characteristics of 9539 patients undergoing carotid revascularization

N %
Procedure
        CAS 614 6.4
        CEA 8925 93.6
Age, yr (median, IQR) 70 14
Age >80 yr 1460 15.3
Gender
        Male 5732 60.1
        Female 3806 39.9
Race (non-white) 162 1.7
Any ipsilateral symptoms
        TIA 1338 14
        Stroke 865 9.1
        Ocular 971 10.2
Degree of ICA stenosis
        50-79% 2677 28.1
        80-99% 6862 71.9
Degree of contralateral ICA
        <50% 5378 56.4
        50-79% 2942 30.8
        80-99% 580 6.1
        Occluded 639 6.7
Any Smoke (prior or current) 7633 80
Hypertension (>=140/90 or history) 8375 78.8
Diabetes Mellitus 2938 31
Coronary artery disease 3083 32.3
CABG/PCI 3056 32
Congestive heart failure 796 8.3
COPD 2185 22.9
Antiplatelets 8659 90.8
Statin 7415 77.7
Stress test abnormal (MI or ischemia) 998 10.5
Creatinine (>1.78 mg/dL) 503 5.3
ASA 3 and 4 3790 39.7
Prior ipsilateral CEA 396 4.2
Urgency
    Elective 8471 88.8
    Urgent 1068 11.2

IQR, interquartile range, TIA, transient ischemic attack, ICA, internal carotid artery, CABG, coronary artery 
bypass grafting, PCI, percutaneous coronary intervention, COPD, chronic obstructive pulmonary disease, 
ASA, American Society of Anesthesiology

Patients. Our initial study sample included all patients (n = 10246) in the VSGNE database who 
underwent CEA (January 2003 - December 2011) and all patients who underwent CAS (July 2005 
and March 2012). Patients undergoing CEA with a concomitant coronary bypass procedure were 
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excluded (n = 221, 2.2%). In addition, 486 (4.7%) patients with missing values for preoperative 
evaluation of degree of stenosis of the ipsilateral (92, 0.9%) or contralateral carotid artery (372, 
3.6%) or both (22, 0.2%) were excluded. This resulted in a total population of 9539 patients 
undergoing 8925 CEAs and 614 CAS procedures. 

Endpoints and Measurements. The main exposure variable was contralateral degree of stenosis 
of the internal carotid artery (ICA), defined as <50% stenosis, 50-79% stenosis, 80-99% stenosis, 
or CCO. Degree of stenosis was defined by one or more of the following imaging modalities: 
duplex ultrasound, computed tomography angiography, magnetic resonance angiography, 
or arteriogram. Our primary endpoint was a composite of any stroke or death at 30-days 
postoperatively. Secondary endpoints were a composite of any stroke, death, and myocardial 
infarction (MI), its individual component endpoints at 30-days and postoperative hyperperfusion 
symptoms (seizure or hemorrhage) at discharge. 
The definition of stroke included ipsilateral or contralateral major stroke (cortical, vertebrobasilar, 
or ocular disability resulting in non independent living status, or blindness) and ipsilateral or 
contralateral minor stroke (other strokes not defined as major). Neurologists did not routinely 
examine patients postoperatively. Myocardial infarction included clinical, electrocardiogram, 
and troponin-only MI. Indications for obtaining postoperative troponin were variable, and not 
recorded. 
Patients were stratified by preoperative symptom status, in combination with degree of ipsilateral 
stenosis (50-79% or 80-99%). This resulted in four major groups of patients: symptomatic patients 
with ipsilateral degree of stenosis 50-79% (1) or 80-99% (2), or asymptomatic patients with 
ipsilateral degree of stenosis 50-79% (3) or 80-99% (4).  Symptomatic patients were defined as 
having an ipsilateral neurologic event preceding the intervention, including any hemispheric or 
ocular transient ischemic attack, major or minor stroke preceding the intervention. No absolute 
time frame is captured through the VSGNE.20 
Statistical Analysis. Bivariate analysis using chi-square test was performed to assess whether 
the status of the contralateral carotid artery was associated with our endpoints following 
revascularization in one of the four aforementioned patient groups. Subsequently, associations 
were independently tested in a multivariable model for stroke or death among symptomatic and 
asymptomatic patients. We choose to use these two different models because it was previously 
shown that symptom status has a strong impact on outcome.20 The models were derived through 
step-wise logistic regression using candidate variables from bivariate analyses (P-value <.01). 
(Appendix  A and B, available online.) Both models were adjusted for age and gender. Associations 
with a P-value <.05 were considered significant. SPSS version 20.0 statistical software (IBM, 
SPSS Inc., Chicago Illinois, USA) was used for statistical analyses.

RESULTS
Of 9539 patients, 60% were male, median age was 70 years and a third of patients were 
symptomatic. (Table I)  In total, 72% had severe, 80-99% ipsilateral ICA stenosis, while the 
remainder had moderate, 50-79% ipsilateral stenosis. Of all revascularization procedures, 
43.6% had contralateral disease (CCO: 7%, 80-99% stenosis: 6%, 50-79% stenosis: 31%).  
Table II shows the same preoperative patient characteristics, stratified by symptom status 
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(symptomatic vs asymptomatic) and degree of ipsilateral stenosis (moderate 50-79% or severe 
80-99% stenosis), resulting in the previously defined four groups. In asymptomatic patients, 
severe stenosis was relatively more common than moderate stenosis (ratio 3:1) compared 
to symptomatic patients (ratio of 2:1). The four groups of patients differed in several ways. 
Asymptomatic patients with 50-79% ipsilateral ICA stenosis most frequently underwent CEA. 
Symptomatic patients with 80-99% ipsilateral stenosis were more likely to be older than 80 years 
and smokers, and had the greatest proportion of patients with contralateral disease between 80-
99%.  Asymptomatic patients with 80-99% ipsilateral stenosis were more likely to be female, 
hypertensive and to have a history of coronary artery disease, while they were less likely to 
undergo emergent procedures. 

CAS versus CEA.  We identified a similar effect, both in magnitude and direction, for the primary 
outcome for patients undergoing CAS and CEA (data not shown), and therefore the results were 
not further stratified by type of procedure. Previous work using the VSGNE database did not show 
differences between procedures in asymptomatic patients, while symptomatic patients treated 
with CAS had increased stroke or death rates compared to CEA.20 The CEA vs CAS difference 
in these symptomatic patients was mainly driven by a higher rate of ipsilateral stroke or death 
(1.3% vs 5.6%, P<.001). Therefore, we adjusted for procedure type in the multivariable model 
for symptomatic patients only. 

Symptomatic patients with 50-79% ipsilateral stenosis. Among symptomatic patients with 
moderate degree of ipsilateral stenosis (50-79%), the stroke/death rate was 2% (n=22), stroke/
death/MI rate 3% (n=33), stroke rate 1.8% (n=20), death rate 0.5% (n=5) and MI rate 1.5% 
(n=16). (Table III) Most strokes (75%) were ipsilateral (7 major, 8 minor), while 5 strokes were 
contralateral (3 major and 2 minor). One patient who had a major and one patient who had a 
minor ipsilateral stroke experienced hyperperfusion symptoms.  One patient had hyperperfusion 
symptoms in the absence of stroke. On bivariate analyses, stroke/death rates were increased, but 
not statistically different, among patients with 80-99% contralateral stenosis (6.9%, n=2) and 
patients with CCO (5.1%, n=3), compared to patients with a contralateral stenosis <50% (1.4%, 
n=10) and 50-79% (2.4%, n=7). (Table III) Of the two stroke/death events that occurred in the 29 
patients with 80-99% contralateral stenosis, one was a non-fatal major ipsilateral stroke and one 
a non-fatal contralateral minor stroke. Death risk was significantly higher among patients with 
CCO (3.4%, P<.05). On multivariable analyses, contralateral stenosis of 80-99% (vs <50%) was 
an independent predictor for stroke/death (OR 5.1, 95%CI 1.1 – 24.7, P = 0.04), while CCO did 
not reach a statistically significant difference (OR 2.7, 95% CI 0.7 – 11.5, P = 0.2). Procedure 
type was also not significantly different (CAS vs CEA, OR 2.4, 95%CI 0.6 – 9.3, P=0.2). (Table IV) 

Symptomatic patients with 80-99% ipsilateral stenosis. Among symptomatic patients with 80-
99% ipsilateral stenosis, stroke/death rate was 2.1% (n=44), stroke rate was 1.8% (n=38), death 
rate was 0.5% (n=10), MI rate was 1.3% (n=27) and stroke/death/MI rate was 3.2% (n=67). 
While patients with 80-99% contralateral stenosis had the highest stroke/death rate (3.5%), no 
significant differences in outcome were identified based on the status of the contralateral artery. 
(Table III)
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Table II Indication for 9539 patients undergoing CEA (n=8925) or CAS (n=614), stratified by 
symptoms status and degree of stenosis of the ipsilateral internal carotid artery

Symptomatic Asymptomatic

50 - 79% 80 – 99% 50 - 79% 80 – 99%

 N=1082    N=2093    N=1595    N=4769

N % N % N % N % P-value

Procedure <.05

      CAS 55 5.1 150 7.6 67 4.2 333 7

      CEA 1027 94.9 1934 92.4 1528 95.8 4436 93

Age >80 yr 189 17.5 374 17.9 198 12.4 699 14.7 <.01

Male gender 693 64 1308 62.5 959 60.1 2772 58.1 <.01

Non-white race 17 1.6 36 1.7 28 1.8 81 1.8

Contralateral <.05

      <50% 698 64.5 1173 56 961 60.3 2546 53.4

      50 - 79% 296 27.4 630 30.1 498 31.2 1518 31.8

      80 - 99% 29 2.7 173 8.3 26 1.6 352 7.4

      CCO 59 5.5 117 5.6 110 6.9 353 7.4

Smoking 655 79 1685 80.6 1283 80.5 3810 80 0.73

Hypertension 911 84.3 1815 86.7 1403 88 4246 89.1 <.01

Diabetes 359 33.2 596 28.5 525 32.9 1476 30.9 0.01

CAD 300 27.8 683 32.6 489 30.7 1611 33.8 <.01

CABG/PCI 293 27.1 567 27.1 548 34.4 1648 34.6 <.01

CHF 99 9.1 170 8.1 110 6.9 417 8.7 0.09

COPD 276 25.5 479 22.9 351 22 1079 22.6 0.17

Antiplatelet 983 90.9 1888 90.2 1464 91.8 4324 90.7 0.42

Statin 823 67.1 1499 71.7 1296 81.3 3797 79.6 <.01

Stress test abnormal 74 23.7 195 31.9 156 27.9 573 29.3 0.07

Renal failure 67 6.4 88 4.4 82 5.3 266 5.8 0.06

ASA 3 and 4 450 88.6 744 90 704 86.3 1892 86.1 0.02

Prior ipsilateral CEA 35 3.2 99 4.7 48 3 214 4.5 0.01

Urgency <.01

    Elective 827 76.4 1543 73.7 1505 94.4 4596 96.4

    Urgent 255 23.6 550 26.3 90 5.6 173 3.6

CAD, coronary artery disease, CABG, coronary artery bypass grafting, PCI, percutaneous coronary 
intervention, CHF, congestive heart failure, COPD, chronic obstructive pulmonary disease, ASA, American 
Society of Anesthesiology
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Asymptomatic patients with 50-79% ipsilateral stenosis. In asymptomatic patients with a 
moderate degree of ipsilateral stenosis (50-79%), a low complication rate was seen. Stroke/death 
rate was 0.8% (n=13), stroke rate 0.8% (n =12), death rate 0.1% (n=2), MI rate 1.1% (n=17) and 
stroke/death/MI rate was 1.8% (n=28). No differences were identified based on the status of the 
contralateral artery. (Table V)  Stroke/death was 0.9% in patients with contralateral occlusion and 
0% in patients with contralateral stenosis 80-99%. 

Asymptomatic patients with 80-99% ipsilateral stenosis. In asymptomatic patients with 
ipsilateral stenosis 80-99%, overall adverse outcome was also low, with a stroke/death rate of 
0.9% (n = 45), stroke rate of 0.9% (n=41), death rate of 0.2% (n=9), MI rate of 0.9% (n=45) 
and stroke/death/MI rate of 1.8% (n=84). Approximately a third of strokes happened on the 
contralateral side (20 major, 6 minor), while the remainder were ipsilateral (11 major, 20 minor). 
Patients with CCO had a significantly higher stroke/death rate (3.4%, n=12) compared to patients 
without CCO (P<.01). (Table V)  Of these 12 patients, one patient died after a major contralateral 
stroke and one following ipsilateral stroke. Other strokes were non-fatal ipsilateral major (n=3), 
minor (n=4), contralateral major (n=2) and contralateral minor (n=1). For MI, no differences 
were identified based on status of the contralateral artery. In asymptomatic patients with 80-99% 
ipsilateral stenosis, contralateral occlusion was an independent predictor for stroke or death (OR 
4.6, 95% CI 2.1-9.9, P<.001). Other predictors on multivariable analyses were age>80 year and 
a history of ipsilateral CEA. Antiplatelet therapy proved to be protective. (Table VI)

Table III 30-day outcome in symptomatic patients undergoing carotid revascularization, stratified 
by degree of stenosis of the ipsilateral artery

CS < 50% CS 50-79% CS 80-99% CCO Total
N % N % N % N % P-value N %

50-79% ipsilateral stenosis (N=1082)
Stroke 8 1.1 7 2.4 2 6.9 3 5.1 0.02 20 1.8
Death 3 0.4 0 0 0 0 2 3.4 0.006 5 0.5
MI 10 1.2 2 0.7 2 6.9 2 3.4 0.03 16 1.5
Stroke/Death 10 1.4 7 2.4 2 6.9 3 5.1 0.05 22 2
Stroke/Death/MI 17 2.4 9 3 3 10.3 4 6.8 0.03 33 3
80-99% ipsilateral stenosis (N=2093)
Stroke 22 1.9 10 1.6 5 2.9 1 0.9 0.59 38 1.8
Death 5 0.4 2 0.3 2 1.2 1 0.9 0.49 10 0.5
MI 15 1.3 6 1 3 1.7 3 2.6 0.5 27 1.3
Stroke/Death 25 2.1 11 1.7 6 3.5 2 1.7 0.56 44 2.1
Stroke/Death/MI 38 3.2 15 2.4 9 5.2 5 4.3 0.26 67 3.2

CS, contralateral stenosis; CCO, carotid contralateral occlusion, MI, myocardial infarction
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Table IV Multivariable model for stroke or death at 30-days after carotid revascularization in 
symptomatic patients with 50-79% ipsilateral carotid stenosis

Odds Ratio
95% CI

P-value
Lower Upper

Age > 80 y 0.8 0.2 2.6 0.66

Female gender 1.2 0.5 2.8 0.72

Procedure (CAS vs. CEA) 2.4 0.6 9.3 0.22

CS 50-79%* 1.7 0.6 4.4 0.3

CS 80-99% * 5.1 1.07 24.7 0.04

CCO * 2.7 0.7 11.5 0.17

CI, confidence interval, * vs. <50%; CS, contralateral stenosis; CCO, carotid contralateral occlusion; bold, 
variable significant associated with outcome P<.05

DISCUSSION
In a large regional quality improvement database, we evaluated the impact of contralateral 
carotid artery disease on outcome after carotid revascularization procedures. We found that the 
influence of contralateral stenosis or occlusion on outcome is different for asymptomatic versus 
symptomatic patients, and is dependent on the degree of ipsilateral carotid artery stenosis. 
Our results indicate that in asymptomatic patients with ipsilateral stenosis between 80-99%, 
CCO significantly increased stroke or death risk. For symptomatic patients with moderate 50-
79% ipsilateral stenosis, high-grade contralateral stenosis had a significant adverse impact on 
perioperative stroke/death, while CCO had increased (but not significantly) risk of stroke/death. 
These results were not influenced by procedure, suggesting that contralateral disease should not 
be used to select patients preferentially for CAS. This was consistent with the results from the SVS 
Vascular Registry that showed no statistical difference between CAS and CEA in both symptomatic 
and asymptomatic patients with CCO.9,16 Yet, despite the risk of intervention in symptomatic 
patients with contralateral disease, revascularization still proves beneficial compared to medical 
management as the natural history of medically treated patients is poor with two-year stroke 
risk ranging from 26% in patients with mild-to-moderate contralateral lesions to 70% in patients 
with CCO.5 
The natural history of asymptomatic patients remains uncertain, and for those patients with high-
grade stenosis and CCO the stroke/death risk (3.4%) was above the upper limit (3%) considered 
acceptable for asymptomatic lesions in a recent inter-societal consensus guideline document.15

The increased stroke risk in patients with contralateral high-grade disease could be related to a 
diminished collateral blood flow. However, this would not account for the fact that symptomatic 
patients with severe stenosis were not impacted by contralateral disease, nor was there increased 
risk for those with severe ipsilateral disease compared to moderate disease in either symptomatic 
or asymptomatic patients. As such, the exact mechanisms of stroke are not fully understood.  
Cerebral hyperperfusion could be more common among patients with a low cerebral flow state, 
causing secondary hemorrhagic strokes. However, despite our large series, our sample size 
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remains too small to evaluate this hypothesis.
Previous studies have shown different results regarding the perioperative risk in patients with 
CCO after both CAS and CEA.7,10,21,22 The controversy among prior studies can be explained in 
several ways. First, analyzing rare events such as stroke or death after revascularization can be 
challenging, particularly since the incidence of patients with CCO is also low.23 Therefore, most 
studies are limited by small, retrospective cohorts, which are often underpowered to detect 
differences or stratify for symptom status. Finally, differences in patient population may explain 
the disparities in outcome of prior studies. Yet, the results of our study indicate that contralateral 
disease is only important for certain patient populations, and cannot be generalized among all 
patients undergoing revascularization.  

Table V 30-day outcome in asymptomatic patients undergoing carotid revascularization, stratified 
by degree of stenosis of the ipsilateral artery

CS <50% CS 50-79% CS 80-99% CCO Total
N % N % N % N % P-value N %

50-79% ipsilateral stenosis (N=1595)
Stroke 8 0.8 3 0.6 0 0 1 0.9 0.93 12 0.8
Death 2 0.2 0 0 0 0 0 0 0.72 2 0.1
MI 8 0.8 8 1.6 0 0 1 0.9 0.54 17 1.1
Stroke/Death 9 0.9 3 0.6 0 0 1 0.9 0.88 13 0.8
Stroke/Death/MI 16 1.7 10 2 0 0 2 1.8 0.87 28 1.8
80-99% ipsilateral stenosis (N=4769)
Stroke 17 0.7 11 0.7 1 0.3 12 3.4 <.001 41 0.9
Death 2 0.1 5 0.3 0 0 2 0.6 0.09 9 0.2
MI 21 0.8 18 1.2 4 1.1 2 0.6 0.57 45 0.9
Stroke/Death 18 0.7 14 0.9 1 0.3 12 3.4 <.001 45 0.9
Stroke/Death/MI 36 1.4 29 1.9 5 1.4 14 4 0.007 84 1.8

CS, contralateral stenosis; CCO, carotid contralateral occlusion, MI, myocardial infarction

While most prior work focuses on CCO, few studies have investigated symptom status in 
combination with ipsilateral degree of stenosis to assess the impact of contralateral stenosis or 
occlusion. In a subset-analysis of NASCET, patients (n=659) with severe (>70%), symptomatic 
carotid stenosis were stratified by severity of the contralateral stenosis. Compared to patients 
with severe (>80%), symptomatic stenosis in the VSGNE (n = 2093), the incidence of patients 
with CCO and severe contralateral stenosis was very similar (6.5% vs. 5.6% and 8.6% vs. 8.3% 
respectively). Contrary to our findings in patients with severe ipsilateral stenosis, the risk of 
perioperative stroke or death in patients with an occluded contralateral carotid artery raised 
sharply (14.3%) compared to mild-to-moderate (5.1%) and severe contralateral stenosis (4%).5 
However, our results showed a similar impact of the contralateral artery in symptomatic patients 
with moderate ipsilateral stenosis (50-79%). In a population-based study of more than 9000 
Medicare beneficiaries, Halm et al. identified 50-99% contralateral stenosis (not CCO) as an 
independent predictor for complications following CEA, adjusted for several other factors 
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including symptom status.18 Although these results were similar to our findings for symptomatic 
patients, no relation with the ipsilateral degree of stenosis was described. 
The results of this study must be interpreted within the context of its design. Several limitations are 
inherent to this dataset, such as the inability to look at mechanism of stroke. In addition, stroke 
rate at 30-days may be underreported, since the number of stroke is based on both the procedural 
and the long-term follow-up record. However, prior audits of the VSGNE data identified no 
missed strokes based on claims data, indicating that few, if any strokes were missed.20 We were 
also not able to compare CAS versus CEA directly, based on the small number of patients in 
the different contralateral stenosis ‘severity’ groups in combination with low adverse event 
rates. When we analyzed these outcomes separately, we identified a similar effect size and 
direction between the two procedures among both symptomatic and symptomatic patients that 
prompted us to merge these patients and further adjust for procedure in multivariable models. 
Although we were able to identify >1000 patients in each subgroup, the relatively low event 
rate after revascularization may have resulted in a type II error limiting our ability to identify 
significant differences, particularly in symptomatic patients with ipsilateral 80-99% stenosis and 
asymptomatic patients with ipsilateral 50-79% stenosis. In the current analysis, we did not focus 
on shunt use in the setting of CCO, because prior results of VSGNE data showed that among 
patients with CCO, shunt use was not associated with 30-day stroke or death. However, surgeons 
who routinely used shunts in all of their CEAs had a significantly lower stroke rate than the 
surgeons who selectively placed shunts (1.5% vs. 5.6%).7

In summary, we found that the impact of contralateral disease on outcome after carotid 
revascularization is different for asymptomatic versus symptomatic patients. Regardless of 
procedure type, CCO increases the risk for asymptomatic patients with 80-99% ipsilateral 
stenosis, while 80-99% contralateral stenosis increases the risk for symptomatic patients with 
50-79% ipsilateral stenosis. These findings may have implications on patient selection and risk 
stratification for patients with severe carotid disease undergoing revascularization procedures. 

Table VI Multivariable model for stroke and death at 30-days after carotid revascularization in 
asymptomatic patients with 80-99% ipsilateral carotid stenosis. 

Odds Ratio
95% CI

P – value
Lower Upper

Age > 80 y 2.3 1.2 4.5 0.02
Female gender 1.4 0.8 2.6 0.26
Prior ipsilateral CEA 3.1 1.3 7.7 0.01
Hypertension 5.5 0.8 40.5 0.09
Preoperative antiplatelet 0.3 0.2 0.7 0.002
Urgency 1.9 0.7 5.6 0.23
CS 50-79%a 1.3 0.6 2.6 0.46
CS 80-99% a 0.4 0.1 3.1 0.39
CCO a 4.6 2.1 9.9 <.001

CI, confidence interval, CEA, carotid endarterectomya versus <50%; CS, contralateral stenosis; CCO, 

carotid contralateral occlusion; bold, variable significant associated with outcome P<.05
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Appendix A Bivariate association of patient characteristics with 30-day stroke or death in 
symptomatic and asymptomatic patients undergoing revascularization

Symptomatic Asymptomatic

OR P OR P

Age > 80 yr 1.5 0.2 2.3 <.01

Female gender 1 0.9 1.2 0.43

Non white race 1 0.63 1 1

Procedure (CAS vs. CEA) 3.5 <.001 1.1 0.78

Prior ipsilateral CEA 1.9 0.2 2.7 0.03

Any Smoke (prior or current) 0.7 0.27 1.4 0.51

Hypertension (>=140/90 or history) 1.7 0.29 7.2 0.02

Diabetes Mellitus 1.2 0.59 0.6 0.16

Coronary artery disease 1.1 0.5 0.7 0.27

CABG/PCI 1.2 0.58 0.7 0.21

Congestive heart failure 1.7 0.17 1.2 0.58

COPD 1.4 0.24 1.4 0.21

Aspirin/clopidogrel 0.9 0.68 0.4 <.01

Stress test abnormal (MI or ischemia) 1.2 0.73 0.95

Creatinine (>1.78 mg/dL) 1.2 0.56 0.3 0.38

ASA 3 and 4 1.1 1 1.1 1

Urgency 1.6 0.09 3.8 <.001

Ipsilateral stenosis 80-99% (vs 50-79%) 1 1 1.2 0.76
OR, odds ratio, CABG, coronary artery bypass grafting, PCI, percutaneous coronary intervention, COPD, 
chronic obstructive pulmonary disease, ASA, American Society of Anesthesiology

Appendix B Independent factors associated with 30-day stroke or death in asymptomatic patients

OR
95% CI

P-value
Lower Upper

Age >80 year 2.2 1.2 3.9 0.008

History of ipsilateral CEA 2.8 1.2 6.5 0.021

Aspirin/clopidogrel 0.4 0.2 0.7 0.004

Hypertension 7.4 1.03 54 0.047

Urgency 3.4 1.6 7.3 0.002
OR, odds ratio; CI, confidence interval
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ABSTRACT
Objectives.  The benefit of carotid endarterectomy (CEA) may be diminished by cranial nerve 
injury (CNI). Using a quality improvement registry, we aimed to identify the nerves affected, 
duration of symptoms (transient vs. persistent) and clinical predictors of CNI. 

Materials and Methods. We identified all patients undergoing CEA in the Vascular Study Group 
of New England between 2003-2011. Surgeon observed CNI rate was determined at discharge 
(postoperative CNI) and at follow-up to determine persistent CNI (CNI’s that persisted at routine 
follow-up visit). Hierarchical multivariable model controlling for surgeon and hospital was used 
to assess independent predictors for postoperative CNI.

 Results. 6878 patients (33.8% symptomatic) were included for analyses. CNI rate at discharge 
was 5.6% (n=382). Sixty patients (0.7%) had more than one nerve affected. The hypoglossal 
nerve was most frequently involved (n=185, 2.7%), followed by the facial (n=128, 1.9%), the 
vagus (n=49, 0.7%) and the glossopharyngeal (n=33, 0.5%) nerve. The vast majority of these 
CNI’s were transient; only 47 patients (0.7%) had a persistent CNI at their follow-up visit (median 
10.0 months, range 0.3 – 15.6). Patients with perioperative stroke (0.9%, n=64) had significantly 
higher risk of CNI (n=15, CNI risk: 23.4% P<0.01). Predictors for CNI were urgent procedures 
(OR 1.6, 95% CI 1.2-2.1, P<0.01), immediate re-exploration after closure under the same 
anaesthetic (OR 2.0, 95% CI 1.3-3.0, P<0.01) and return to the operating room for a neurologic 
event or bleeding (OR 2.3, 95% CI 1.4-3.8, P<0.01), but not redo-CEA (OR 1.0, 95% CI 0.5-1.9, 
P=0.90) or prior cervical radiation (OR 0.9, 95% CI 0.3-2.5, P=0.80).

Conclusions. As patients are currently selected in the VSGNE, persistent CNI after CEA is 
rare. While conditions of urgency and (sub) acute re-intervention carried increased risk for 
postoperative CNI, a history of prior ipsilateral CEA or cervical radiation were not associated 
with increased CNI rate.
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INTRODUCTION
Carotid endarterectomy (CEA) has been established as the standard of care for long-term stroke 
prevention in patients with severe carotid stenosis in an average risk population.1,2 Carotid artery 
stenting (CAS) has emerged as an alternative to CEA, but the comparative effectiveness of these 
modalities remains controversial. 
The advantage of a lower perioperative stroke rate with CEA compared to CAS may be somewhat 
offset by the added risk of postoperative myocardial infarction (MI) and cranial nerve injury 
(CNI) after surgery.3-5 However, the clinical importance of CNI as a relevant safety endpoint 
is debatable.3,6-8 Although most postoperative nerve lesions seem transient, the actual rate of 
persistent CNI following CEA remains unclear.8-11 Postoperative CNI rates vary between 3 – 27%, 
depending on the observer, definition of CNI, and study design.11,12 Prior studies have been 
limited to single institution observations with small sample size and highly selected surgeons 
or patients participating in randomized controlled trials. Very few studies commented on the 
patient characteristics or operative conditions associated with increased risk for CNI.11,13 Higher 
rates are often reported after redo-CEA and prior radiation, but most of these studies were not 
designed to identify independent predictors for CNI given its low event rate. 14-16 Using a large 
quality improvement registry reflective of real world vascular surgery practice, we aimed to 1) 
establish rates of surgeon observed postoperative and persistent CNI after CEA, 2) identify the 
specific nerves at risk for injury, and 3) identify clinical predictors for postoperative CNI.

MATERIALS AND METHODS
Database. We used prospective data collected by the Vascular Study Group of New England 
(VSGNE). The VSGNE is a regional quality improvement initiative developed by vascular 
surgeons in 2001, and currently involves over 180 physicians, (vascular surgeons, radiologists 
and cardiologists) at 30 centers (14 academic, 16 community). The goal of this cooperative 
group of clinicians, hospital administrators and research personnel is to continuously 
improve the quality, safety, effectiveness, and cost of caring for patients with vascular disease. 
Preoperative clinical characteristics, imaging studies, perioperative outcome noted at discharge 
and follow-up data are collected from eight vascular procedures (including CEA), and entered 
in the registry by trained nurses or clinical data abstractors. Surgeons enter operative details 
including complications. Research analysts are blinded to patient, surgeon, and hospital identity. 
Further details on this registry have been published previously and are available at http://www.
vascularweb.org/regionalgroups/vsgne. VSGNE data have been validated for completeness 
using audits of discharge claims data from each participating institution to ensure entry of all 
patients.17,18  
 
Patients. Our study sample included all patients in the VSGNE who underwent CEA between 
January 2003 and December 2011 for whom information on CNI was available at time of 
discharge and at one later time point after discharge (nerve injury recorded during surgical 
follow-up visit). This was done to obtain a valid sample to determine CNI rate at discharge and 
to assess the proportion of CNI’s that resolved or persisted after discharge. 
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Table I Bivariate associations of preoperative patient characteristics with CNI of 6878 patients 

undergoing CEA

Total CNI

N % N % P-value OR 95% CI

Age >80 year 972 14.1 59 6.1 .45 1.1 0.8 – 1.5

Gender (male) 4141 60.2 288 5.5 .83 1.0 0.8 – 1.3

Race (white) 6778 98.6 376 5.5 .82 0.9 0.4 – 2.1

Ipsilateral symptoms 2325 33.8 148 6.4 .03 1.3 1.02 – 1.6

Smoking (prior or current) 5481 79.8 311 5.7 .39 1.1 0.9 – 1.5

Hypertension 6034 87.8 354 5.9 <.01 1.8 1.3 – 2.7

Diabetes 2090 30.4 106 5.1 .30 0.9 0.7 – 1.1

BMI .12

      <18.5 205 3.1 13 6.3

     18.5-24.9 1822 27.4 123 6.8

     25-29.9 2591 39.0 138 5.3

     30-34.9 1346 20.2 67 5.0

     35-40 472 7.1 23 4.9

     >40 214 3.2 7 3.3

Contralateral occlusion 417 6.1 28 6.7 .30 1.2 0.8 – 1.8

Previous radiation 88 1.3 4 4.5 1 0.8 0.3 – 2.2

Previous ipsilateral CEA 152 2.2 8 5.3 1 0.9 0.5 – 1.9
CNI, cranial nerve injury, OR, odds ratio, CI, confidence interval, BMI, body mass index;

Endpoints and Measurements. Primary endpoints were any CNI at discharge and the rate of 
persistent CNI at follow-up for both symptomatic and asymptomatic patients. The surgeon 
identified the clinical manifestation of the nerve injury after surgery. A CNI will be reported 
to the VSGNE if there was no palsy present before surgery. Injury to the following nerves are 
distinguished: facial nerve (VII) - facial droop, glossopharyngeal nerve (IX) - swallowing difficulty 
unless other diagnosis confirmed, vagus nerve (X) - hoarseness unless laryngoscopy normal, 
hypoglossal nerve (XII) - any tongue deviation or dis-coordination. The VSGNE also records 
other ‘non-specified’ cranial nerve injuries (e.g. accessory nerve [XI], trigeminal nerve [V], or 
injuries to one of the above mentioned cranial nerves that were not further specified during data 
entry). The real world nature of our database does not allow routine examination of patients 
postoperatively by a neurologist or otolaryngologist to identify CNI. Therefore, objective tests 
such as laryngoscopy for vocal cord function were not used routinely and their use was not 
recorded. Persistent CNI was identified by the vascular surgeon and defined as a CNI at discharge 
that was not resolved at the time of the surgical follow-up visit. In the VSGNE, the status of the 
CNI has to be entered in the registry as a categorical variable during regular follow-up visit, 
specifying ‘no CNI’ versus ‘resolved CNI’ versus ‘persistent CNI’. Because no exact time to event 
is calculated for CNI at follow-up, the median time with corresponding interquartile ranges (IQR) 
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to follow-up was calculated. Although the VSGNE aims to collect follow-up data at one year 
after the procedure, the time to follow-up in the database varies between patients reflecting real 
world practice. Symptomatic patients were defined as having preoperative ipsilateral cortical 
neurological symptoms prior to surgery.17 ‘Immediate reoperation’ included surgical revision 
after closure of the artery in the operating room (OR). Reasons for immediate re-operation may 
include intimal flap, debris or residual plaque on completion imaging studies.19 ‘Return to the 
OR’ included reoperations after a patient had left the operating room. Causes for return to the OR 
included neurologic events or bleeding that required re-intervention. The surgeon performing 
the CEA made the designation of urgent cases versus elective cases. Urgent cases may include 
patients with stroke in evolution or crescendo TIA’s. This was reflected by the fact that the vast 
majority of urgent cases were symptomatic and admitted to the hospital preoperatively (as 
opposed to same day admissions). (Appendix, online)

Statistical Analysis. Associations of preoperative patient characteristics, operative details and 
perioperative outcome with postoperative CNI were examined using χ2 test and Fisher’s exact 
test for categorical variables. To gain insight into factors independently associated with CNI, 
all variables with values of P <.2 in the previously described bivariate analyses were used to 
develop a multivariable regression model. A multilevel hierarchical model (data structure: 
patient, surgeon, center) was used to adjust for surgeon and centers within the VSGNE.20 This 
type of modelling uses a random intercept that accounts for all variable factors between hospitals 
and surgeons in the VSGNE, including surgeon and hospital volume. 
Associations were calculated using manual elimination procedure, in which all candidate 
variables were entered in the first step and removed stepwise based on the highest non-significant 
P-value. P-values < .05 were considered significant. Odds ratios (OR) and corresponding 95% 
Confidence Interval (CI) were reported. SPSS version 20.0 statistical software (IBM, SPSS Inc, 
Chicago Illinois, USA) was used for statistical analyses.

RESULTS
Of all 9362 patients undergoing isolated CEAs, 2484 (26.5%) had missing data for CNI and were 
therefore excluded from this analysis. Of those, 1% died (n=24) during hospital admission and 
14.9% (n=370) after discharge. For the remaining missing patients (84.1%), CNI information 
was not available at one later time point after discharge due to lack of follow-up. We performed 
a subgroup analysis of these excluded patients confirming that no important information on 
CNI was lost for the purpose of this study. In particular, CNI rate at discharge in these excluded 
patients was similar to CNI rate in our final study sample (n= 136, 5.5%). This had also no impact 
on the predictors for CNI. 
In total, 6878 CEAs (33.8% symptomatic) from 23 centers performed by 104 surgeons were 
included. Median caseload per center and surgeon were 85 and 27 respectively. The mean 
age was 69 year (SD ± 9.3) and 60.2% were men. 152 (2.2%) patients underwent redo-surgery 
following prior ipsilateral CEA and 88 (1.3%) had a history of previous cervical radiation 
therapy. (Table I) 10% of patients were operated under loco-regional anesthesia and 10% were 
urgent procedures (as opposed to elective procedures). In 217 (3.2%) patients, immediate re-
exploration after closure was performed. Another 111 patients (1.6%) were taken back to the OR 
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for neurologic events (TIA or stroke, n=26), bleeding (n=62) or unknown (n=23) complications 
after awakening from anesthesia. Median length of stay was 1.5 days (IQR 0). At 30-days, the 
stroke rate was 0.9% (n=64) (symptomatic 1.2% [n=29] and asymptomatic 0.8% [n=35]) and MI 
rate was 0.9% (n=63). 

Table II Bivariate associations of procedural variables and outcome with CNI of 6878 patients 
undergoing CEA

Total CNI P-value OR 95% CI

N % N %

Anesthesia .60 0.9 0.6 – 1.3

     General 6189 90.0 347 5.6

     Loco-regional 689 10.0 35 5.1

Urgency .02 1.4 1.1 – 2.0

     Elective 6186 89.9 330 5.3

     Urgent 692 10.1 42 7.5

CEA type .37 1.2 0.8 – 1.6

     Longitudinal endarterectomy 6226 90.5 341 5.5

     Eversion technique 651 9.5 41 6.3

Shunt use .37 0.9 0.7 – 1.1

     No 3641 52.9 211 5.8

     Yes 3237 46.8 171 5.3

Patch use .32 0.8 0.5 – 1.2

     No (primary closure of longitudinal  
     endarterectomy)

327 5.3 22 6.7

     Yes 5899 94.4 319 5.4

Drain .33 0.5 0.1– 1.7

     No 655 79.6 23 3.5

     Yes 168 20.4 3 1.8

Re-exploration after closure 217 3.2 21 9.7 .01 1.9 1.2– 3.0

Return to the operating room 111 1.6 16 14.4 <.001 2.9 1.7– 5.1
CNI, cranial nerve injury, OR, odds ratio, CI, confidence interval

Cranial nerve injury. Overall, 382 patients had any CNI at discharge (5.6%). Symptomatic 
patients had higher rates (6.4%) than asymptomatic patients (5.1%, P<0.05). The hypoglossal 
nerve (injured in 185 [2.7%]) and the facial nerve (injured in 128 [1.9%]) were most frequently 
involved, followed by the vagus nerve (injured in 49 [0.7%]) and the glossopharyngeal nerve 
(injured in 33 [0.5%]). Another 0.5% (n=31) involved unspecified cranial nerves. Of all patients, 
296 (4.3%) had a single deficit, 42 had two nerves (0.6%) and 13 patients (0.1%) had three or 
more nerves affected. Of the 382 patients who had a nerve injury at discharge, the deficit resolved 
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over time in 88% (n=335). Only 47 patients (0.7%) had a persistent injury at their follow-up visit 
(median 10.0 months, range 0.3 – 15.6). Median time to follow-up for all patients was 12.1 
months (range 0.3 – 57.6). Lesions of the hypoglossal (n=7, 0.1%) and the facial nerve (n=6, 
0.1%) were the most persistent, followed by the vagus (n=3, 0.1%) and the glossopharyngeal 
nerves (n=1, 0.02%). Length of hospital stay was prolonged in patients with CNI compared to 
those without (2 days vs. 1.5 day, P<0.01).

Figure Cranial nerve injury per predictor

Predictors for postoperative nerve injury. On bivariate analyses of preoperative patient 
characteristics with CNI, no clinical relevant associations were identified for CNI. (Table I) 
Urgent procedures, immediate re-exploration and return to the OR were associated with 
increased risk for CNI. (Table II) Type of procedure (eversion versus longitudinal), shunt use, 
patch use (versus primary closure of longitudinal endarterectomy) and type of anaesthesia 
(loco-regional versus general) did not influence CNI. Patients with a perioperative stroke within 
30 days (n=64, 0.9%) had increased CNI (23.4% vs. no stroke 5.4%, P<0.01). On multivariable 
regression, urgent procedures (OR 1.6, 95% CI, 1.2-2.1, P=0.006), re-exploration (OR 2.0, 
95% CI 1.3-3.0, P=0.004) and return to the operating room (OR 2.3, 95% CI 1.4-3.8, P=0.004) 
were independent risk factors for CNI. (Table III) Specifically, return to the OR for stroke or TIA 
was predictive of CNI (OR 4.8, 95% CI 2.1-11.2, P=0.002), while return to the OR for bleeding 
did not reach significance (OR 1.6, 95% CI 0.8-3.3, P=0.3). In a subgroup analyses among 
urgent cases, symptomatic patients had increased CNI compared to asymptomatic patients 
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(8.5% vs. 4.0%, OR 2.3, 95% CI 0.9-5.4, P=0.08). Among elective cases, CNI rate between 
symptomatic and asymptomatic patients was comparable (5.7% vs. 5.2%, OR 1.1, 95% CI 0.9 
– 1.4, P=0.4). Because others have previously reported that prior radiation therapy and redo-
CEA can be predictive conditions for CNI, we forced them into our prediction model.15,16,21 
However, no impact on CNI was identified among these variables (prior radiation therapy: OR 
0.9, 95% CI 0.3-2.5, P=0.8 and redo-CEA (OR 1.0, 95% CI 0.5-2.1, P=0.9).

Nerves at risk. In the situation of immediate re-intervention after closure, a significant increased 
risk for vagus injury (n=6, 2.8%) was identified. Patients who had to returned to the OR after 
surgery were at increased risk for facial (n=9, 8.1%), glossopharyngeal (n=4, 3.6%), vagus (n=5, 
4.5%), and other non-specified nerves (n=4, 3.6%), but not for hypoglossal nerve (n=5, 4.5%) 
injury. (Figure) Urgent procedures were not associated with specific nerve injuries.

Table III Independent predictors for cranial nerve injury following CEA

Odds ratio 95% CI P-value a

Urgent cases b 1.6 1.2 – 2.1 0.006

Immediate re-exploration 2.0 1.3 – 3.0 0.004

Return to the operating room 2.3 1.4 – 3.8 0.004

a Based on a hierarchical multilevel regression model accounting for surgeon and centers within the VSGNE 
b vs. elective procedures

DISCUSSION
The postoperative risk for any CNI was 5.6% among patients undergoing CEA in the Vascular 
Study Group of New England. While most lesions were transient, 0.7% of patients had a persistent 
lesion at their follow-up consultation. Independent risk factors for postoperative cranial nerve 
injury were urgent cases, immediate re-exploration after closure and return to the operating 
room. 
The reported frequency of CNI in the published literature ranges from 3 to 27%.11,12 Variable 
study design (prospective vs. retrospective), the use of objective measurements (e.g. otolaryngeal 
examinations), the observer, and variation in the definition of CNI (sensory deficits vs. purely 
motor injuries) contribute to this wide variability. Yet, cranial (motor) nerve injury at discharge 
in the VSGNE (5.6%) was similar to prior large studies, such as the New York Carotid Artery 
Surgery study (NYCAS, 5.5%)22, the European Carotid Surgery Trial (ECST, 5.1%),13 the North 
American Symptomatic Carotid Endarterectomy Trial (8.6%)23 and the Carotid Revascularization 
Endarterectomy versus Stenting Trial (CREST, 4.7%)5. In the randomized trials, CNI was identified 
by an independent stroke neurologist that was not involved in the performance of the CEA itself, 
as opposed to surgeon observed CNI in the large registries such as the NYCAS and the VSGNE. 
We found that symptomatic patients had higher rates of postoperative CNI than asymptomatic 
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patients (6.4% vs. 5.1%), which was also seen in CREST (5.1% vs. 4.3%). This can be explained 
by a high CNI risk among symptomatic patients who underwent urgent procedures (8.5%), 
which proved to be independent predictor for CNI in our study.
Among the aforementioned studies, only the ECST reported CNI rates beyond hospital discharge. 
The ECST showed a persistent CNI rate of 0.5% at 4 months and one year.13 We found a 
comparable persistent CNI rate of 0.7% at a median interval of 10 months, confirming that most 
lesions are transient.8,9 The transient nature of most lesions suggests that the majority of CNIs are 
related to traction or cautery rather than transections.12,24 In CREST, CNI was not associated with 
a sustained impact on quality of life at one year, but at two weeks, CAS patients reported less 
difficulty eating or swallowing as compared with CEA patients.6 However, some have suggested 
that the effects from a CNI can be likened to having a minor stroke.3,7,8 
Our results indicate that patients are at greatest risk for CNI during times of surgeon stress and 
that surgeons should take particular care to protect specific nerves in conditions of urgency, re-
exploration, and return to OR. In particular, the vagus nerve was at greatest risk in re-exploration 
cases, while all nerves but the facial nerve were at risk in patients who were taken back to the 
OR. Patients who returned to the OR for stroke had greater risk for CNI than patients who were 
taken back for bleeding. The relation of local complications (e.g. CNI) with stroke was previously 
shown.22  
Only one prior study with preoperative and postoperative examinations by an otolaryngologist, 
reported on associations of specific nerves with patients or operative factors.11 They showed an 
overall CNI risk of 27% (51/ 190) at 2 days after surgery and found that plaque extension >2cm 
was related to lesions of the vagus nerve (OR=3.5; CI 1.09-12.3, P=0.03). The ESCT analysed a 
limited number of risk factors to identify predictors for all nerve injuries. Operation longer than 
two hours was found to be the only predictive factor (HR 1.56, 95% CI 1.31–1.81 per 30-minute 
increment).13 While others have previously reported an increased risk for CNI after redo-CEA 
and prior radiation,14,15,25 in this study we did not. Theoretically, these conditions can lead to 
more complex CEA procedures and therefore, CNI’s may be more frequent.26 Reported causative 
factors include absent tissue planes in the diseased vessel wall and (radiation-induced) fibrosis.27 
The condition of the preoperative tissue in the cervical area could have result in differences in 
patient selection (CAS vs. CEA), and may possibly explain the difference with prior reports. 
In reports prior to 1995, CAS was not readily available and accepted for patients with a hostile 
neck due to extensive radiation or prior neck surgery.21,25 In the current era of carotid stenting, it 
is likely that those with the most hostile necks are no longer selected for redo-CEA.28

While the strength of the VGSNE database is its large size and detailed clinical data, reporting 
bias is inherent to any registry-based study and potentially leads to under-reporting of events. 
Yet, the lack of follow-up data on CNI for several patients in the VSGNE is most likely rather a 
data collection issue then reporting bias, since the postoperative rate of CNI in patients with 
and without follow-up data was similar (5.5% vs. 5.6%). Our subgroup analysis also affirmed 
that there was no impact on the identification of predictors. Therefore, it is very unlikely that 
the subset of excluded patients due to lack of follow-up will change the results of this study. The 
exact time to recovery remains unknown due to the lack of follow-up at set time points in the 
VSGNE. Our analysis was also limited by the lack of a formal protocol including objective CNI 
measurement at set time points. Therefore, it seems reasonable that subtle nerve lesions may have 
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been missed and our rate of 5.6% could be underestimating CNI.24 Some hoarseness may have 
been incorrectly ascribed to trauma from endotracheal intubation rather than CNI due to the lack 
of routine otolaryngoscopic evaluation. Since the rate of CNI was similar for those undergoing 
loco-regional and general anaesthesia, this is not very likely. The clinical assessment of persistent 
injury to the vagus nerve seems also difficult, since patients are often able to compensate deficits 
resulting in a ‘normal’ voice. On the other hand, it has also been suggested that the use of 
objective methods may lead to the inclusion of several asymptomatic deficits with minor clinical 
relevance.13,24 Therefore, we believe that the majority of clinically relevant injuries are captured 
in the VSGNE and that these rates of CNI could serve as a benchmark for every-day practice. 
As patients are currently selected in the VSGNE, persistent CNI after CEA is rare. CNI is more 
likely in urgent procedures and after re-exploration in the OR, or return to the OR; while redo-
CEA and a history of prior cervical radiation were not associated with increased CNI rate.
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ABSTRACT
Introduction and objectives. Most studies based on state and nation-wide registries evaluating 
perioperative outcome after carotid endarterectomy (CEA) rely on hospital discharge data 
only. Therefore, the true 30-day complication risk after carotid revascularization may be 
underestimated. 

Methods. We used the National Surgical Quality Improvement Program (NSQIP) database 2005-
2010 to assess the in-hospital and post discharge rate of any stroke, death, cardiac event (new 
Q-wave MI or cardiac arrest), combined stroke/death and combined adverse outcome (S/D/CE) 
at 30 days following CEA. Multivariable analyses were used to identify predictors for in-hospital 
and post discharge events separately, and in particular, those that predict post discharge events 
distinctly. 

Results. A total of 35,916 patients who underwent CEA during 2005-2010 were identified in the 
NSQIP database. 59% were male (median age 72 years) and 44% had a previous neurologic 
event. Thirty-day stroke rate was 1.6% (n=591), death rate was 0.8% (n=272), cardiac event rate 
was 1.0% (n=350), stroke or death rate was 2.2% (n=794) and combined S/D/CE rate was 2.9% 
(n=1043). 33% of strokes, 53% of deaths, 32% of cardiac events, 40% of combined stroke/death 
and 38% of combined S/D/CE took place after hospital discharge. Patients with a prior stroke 
or TIA had similar proportions of post discharge events as compared to patients without prior 
symptoms. Independent predictors for post discharge events, but not for in-hospital events were 
female gender (stroke [OR 1.6, 95% CI 1.2-2.1] and stroke/death [OR 1.4, 95% CI 1.1-1.7]), 
renal failure (stroke [OR 3.0, 95% CI 1.4-6.2]) and COPD (stroke/death [OR 1.8, 95% CI 1.4-
2.4] and S/D/CE [OR 1.8, 95% CI 1.4-2.3]). 

Conclusions. With 38% of perioperative adverse events after CEA happening post hospitalization, 
regardless of symptoms status, we need to be alert to the ongoing risks after discharge particularly 
in women, patients with renal failure, or a history of COPD. This emphasizes the need for 
reporting and comparing 30-day adverse event rates when evaluating outcomes for CEA, or 
comparing carotid stenting to CEA.
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INTRODUCTION
The benefit of carotid endarterectomy (CEA) and carotid angioplasty and stenting (CAS) is highly 
influenced by the rate of perioperative adverse events, defined as stroke, myocardial infarction 
(MI), or mortality up to 30-days after the procedure. Many studies reporting and comparing 
perioperative complication rates following carotid revascularization rely on state and nation-
wide registries, which only include in-hospital data.1-3 However, procedure related complications 
and mortality after revascularization procedures might also take place after hospital discharge. 
Results from the Society for Vascular Surgery Vascular Registry suggest that in-hospital events do 
not reflect the full procedural event rate after CAS and CEA, as an additional 31% and 22% of 
combined adverse events, respectively, occurred after discharge from the hospital.4 However, 
in that analysis less than 50% of the total patients completed 30-day follow up, and thus these 
estimates may under- or overestimate the true event rates. Others have suggested that 10-37% of 
strokes took place after discharge, but these studies are limited by small study size or incomplete 
follow-up.5, 6 Also, these analyses did not include adverse outcomes after CEA other than stroke. 
In order to compare and evaluate outcomes of CEA and CAS, it seems crucial to report 30-day 
outcome. For patients, it is important to understand the true operative risk they are facing when 
deciding whether to undergo CEA. Those patients who are at high risk to develop procedural 
related events after discharge might benefit from closer surveillance after discharge and possibly 
changes in management. Different preoperative patient characteristics may be related to the 
timing of events. Our objective was to assess the in-hospital and post discharge rate of adverse 
events following CEA in a 100% follow-up cohort at 30 days and to identify independent 
predictors for the timing of these events. 

METHODS
Database. Data were obtained from medical records of patients undergoing CEA between 
2005-2010 in the American College of Surgeon’s (ACS) National Surgical Quality Improvement 
Program (NSQIP) database. The NSQIP is a multicenter, prospective quality-improvement 
registry that includes academic and private U.S. hospitals. In 2005, 37 institutions participated 
in the program, and the number has increased to 258 by 2010. Demographics, preoperative risk 
factors, intraoperative variables, and 30-day postoperative mortality and morbidity outcomes 
are collected, validated, and submitted by a trained and audited surgical clinical nurse-reviewer 
designated by the ACS. No specific procedural information on CEA (such as reconstruction 
technique, shunt use, type of artery closure or neurologic monitoring) is captured by the current 
iteration of NSQIP. Postsurgical data are obtained for the entire 30-day time period, regardless of 
whether the patient is discharged to the outpatient setting before this time. A detailed description 
of the NSQIP study methods has been previously published and validated.7 The NSQIP data are 
subject to annual auditing and the reliability of accurate data acquisition has improved with 
each year.8 

Patient selection. The NSQIP database was queried to identify patients undergoing CEA between 
2005 and 2010 using the Current Procedural Terminology (CPT) codes 35301 and 35390. Cases 
were selected in which CEA was the primary procedure. Patients undergoing concurrent cardiac 
surgery were excluded. The remaining procedure data were searched to ensure that no other 
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major procedure was included. Indication for surgery (symptom status and degree of stenosis) 
is not available in the database. Therefore, we were not able to formally stratify patients by 
symptom status. However, NSQIP captures a history of a previous neurologic event (stroke, 
TIA) and hemiplegia, without the timing and laterality of these events. This variable was used 
to distinguish patients who were clearly asymptomatic (ASX) from those who had previous 
neurological symptoms (SXS). Recent work from our group showed that those with prior SXS 
were most likely to be symptomatic.9 

Endpoints and Measurements. Our primary endpoint was the development of stroke, death, 
or a cardiac event within 30 days after CEA. Stroke was defined as the development of an 
embolic, thrombotic, or hemorrhagic vascular accident or stroke with motor, sensory, or 
cognitive dysfunction (e.g. hemiplegia, hemiparesis, aphasia, sensory deficit, impaired memory) 
that persists for 24 or more hours. A cardiac event was defined as a new Q-wave myocardial 
infarction on ECG or cardiac arrest that necessitated cardiopulmonary resuscitation. Our 
secondary endpoint was wound infection, defined as either involving the carotid artery, deep 
(involving deep soft tissues e.g., fascia and muscle layers of the incision) or a superficial surgical 
site infection (limited to skin and subcutaneous). 
Results were stratified for the in-hospital period (intra-operative or pre-discharge) and the post 
discharge period through 30-days after surgery. Timing to adverse event was recorded per day, 
starting from the day of surgery (day 0). The proportion of post discharge events was analyzed for 
both patients with a history of neurologic symptoms and patients without a history of neurologic 
symptoms. For in-hospital analysis, patients with post discharge events were excluded. Likewise, 
for post discharge events, patients with in-hospital events were excluded. If patients suffered 
both in hospital and post discharge events, the in-hospital event was counted for analysis. 
Predictor variables for the primary outcome included demographics and preoperative variables. 
Continuous variables were categorized for the purpose of this study. Detailed definitions of these 
variables are listed in the Appendix. 

Statistical Analysis. Bivariate analysis was carried out to assess the relation of the preoperative 
variables with the primary outcome (stroke, death, cardiac event or a composite of stroke/death 
and S/D/CE) at the different time points (in-hospital, post-discharge, 30-day) using Pearson χ2 
test and Fisher’s exact test. Initial bivariate analysis included 29 preoperative demographic and 
comorbidity variables. Multivariable logistic regression was used to assess independent risk factors 
for outcome events at each of the above specified time points. Demographics and preoperative 
variables were entered into the multivariable regression analysis if P < .2 in bivariate analysis. 
Associations were calculated using backward elimination procedure, in which all variables were 
entered in the first step and removed stepwise based on the highest non-significant P-value (P 
≥0.05).  After carrying out this iterative process, covariates were included in the final model if 
predictive of primary outcome events in any of the three specified clinical time intervals with this 
model demonstrating the contribution of each covariate to timing of events. Odds ratios (ORs) 
with 95% confidence intervals (CIs) were reported. Hosmer and Lemeshow test was used to test 
the goodness of fit in each model. Statistical analysis was performed using SPSS version 19.0 
statistical software (SPSS Inc, Chicago Illinois, USA).
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Table I Demographics and clinical characteristics of 35,916 patients undergoing carotid 
endarterectomy

N or 
Median

 % or 
(IQR)

N or 
Median

 % or 
(IQR)

Demographics Alcohol use > 2 eh/day 1557 4.3

Age, y 72 (13) BMI

Age      < 18.5 537 1.5

     < 60 y 5123 14.4      18.5 – 24.9 9507 26.5

     60 – 69 y 11283 31.8      25 – 29.9 13814 38.5

     70 – 80 y 13226 37.3      30 – 34.9 7470 20.8

     > 80 y 5871 16.5      35 – 40 2687 7.5

Gender      ≥ 40 1154 3.2

     Male 21184 59.1 Height

     Female 14657 40.9      < 64 inch 12040 34

Race, non-white 3046 8.5      64 – 70 inch 14750 41.6

Clinical characteristics      > 70 inch 8636 24.4

Redo CEA 82 0.2 Renal failure 476 1.3

Hx stroke/ hemiplegia 8936 24.9 Hx of COPD 3792 10.6

Hx of TIA 9954 27.7 Dyspnea 6847 19.1

Hx of Angina or MI 1364 3.8 Steroid use 747 2.1

Congestive Heart Failure 371 1 Hx of revascularization for PVD 3499 9.7

Previous PCI 6710 18.7 Restpain/gangrene 344 1

Previous Cardiac Surgery 8196 22.8 Functional status

Diabetes Mellitus 9984 27.8 Independent 33952 94.5

Hypertension 30658 85.4 Dependent 1961 5.5

Current smoker 10033 27.9 Emergency procedure 614 1.7

Hx of smoking ASA class > 3 4753 13.2

     <10 pack-y 11161 32.3 General anesthesia 30184 84.1

     10 – 29 pack-y 4939 13.8 Vascular surgeon 34019 94.7

     30 – 49 pack-y 3726 10.4 PGY level ≤ 3 4152 11.6

     50 – 70 pack-y 3517 9.8

     > 70 pack-y 2921 8.1

Hx, history, TIA, transient ischemic attack, MI, myocardial infarction, PCI, percutaneous coronary intervention, 
BMI, Body Mass Index; COPD, chronic obstructive pulmonary disease, PVD, peripheral vascular disease, 
ASA, American Society of Anesthesiologists; PGY, post-graduate year of resident
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RESULTS
A total of 35,916 patients undergoing CEA between 2005 and 2010 in the NSQIP database were 
identified and included for analysis. The median age was 72 years (Interquartile Range [IQR] 13), 
59.1% were men, and 44.1% had a history of stroke, TIA or hemiplegia. Demographics, clinical 
characteristics and operative details are shown in Table I. 
Stroke rate at 30-days was 1.6% (n=591, prior neurologic SXS: 2.4%, ASX 1.1%, P <.001, OR 
2.25 95% CI 1.89-2.66), death rate was 0.8% (n=272, prior neurologic SXS 1.1%, ASX 0.5%, 
P<.001, OR 2.03 95% CI 1.59-2.59) and cardiac event rate was 1.0% (n=350, prior neurologic 
SXS 1.1%, ASX 0.8%, P = .003, OR 1.38 95% CI 1.12-1.70). Combined stroke/death rate was 
2.2% (n= 794, prior neurologic SXS: 3.1% vs. ASX 1.5%, P<.001, OR 2.16 95% CI 1.87-2.50) 
and combined S/D/CE rate was 2.9% (n=1043, prior neurologic SXS 3.9%, ASX 2.1%, P <.001, 
OR 1.86, 95% CI 1.64-2.11). The median length of hospital stay was 1 day (IQR 1).

Timing of events. In-hospital S/D/CE occurred in 656 patients (1.8%). After discharge, an 
additional 38% of S/D/CE (n=399, 1.1%) occurred: 33% of strokes (n=195, 0.5%), 53% of 
deaths (n=144, 0.4%), 32% of cardiac events (n=122, 0.3%) and 40% of stroke/death (n=320, 
0.9%) occurred after discharge. The proportion of combined S/D/CE after discharge was similar 
in patients with prior neurological symptoms versus those without (39% and 38%, respectively). 
Post discharge, stroke happened in 34% of patients with prior neurologic symptoms, and in 32% 
of ASX patients. 52% of deaths, 31% of cardiac events and 40% of stroke/death occurred after 
discharge in patients with prior neurologic symptoms, versus 55% of deaths, 33% of cardiac 
events and 40% of stroke/death in ASX patients. (Table II) In-hospital adverse events happened 
at a median of 1 day (IQR 1). These patients were discharged from the hospital at a median of 7 
days (IQR 8) postoperatively. Patients who experienced post discharge events were discharged at 
day one (median) post operatively (IQR 1). Post discharge stroke occurred at a median of 8 days 
after the operation (IQR 11). (Figure) MI or cardiac arrest (cardiac events) after discharge took 
place at a median of 6 days (IQR 17) and 11 days (IQR 19), respectively. Patients who survived 
to discharge but did not survive the post discharge period, died at a median interval of 11 days 
(IQR 15). 
Thirty-day wound infection rate was 0.5% (N=197). The majority of wound infections took 
place after discharge; 94% of superficial wound infection (N=141, 0.4%), 94% of deep wound 
infection (N=47, 0.1%) and 89% of carotid infection (N=9, 0.03%). 

Predictors for stroke.  In-hospital. Independent predictors for in-hospital stroke were redo-
CEA, a history of stroke/hemiplegia, history of TIA, history of angina/MI, underweight (versus 
normal weight) and obesity class II (versus normal weight) , functional dependent status (versus 
independent), emergency procedures and ASA class >3. (Table III)
Post discharge. History of stoke/hemiplegia, history of TIA, renal failure and female gender were 
associated with increased risk of post discharge stroke on multivariable analyses. (Table III) 
Women were more likely to have a post discharge stroke than men (38.1% vs. 29.0%, OR 1.57, 
95% CI 1.18 – 2.09, P =0.002). In patients with a previous neurological event, a significantly 
higher stroke rate was seen in women compared to men (1.0% vs. 0.7% P = 0.02, OR 1.5, 95% 
CI 1.1 – 2.1). In ASX patients, the stroke rate was again higher in women with a similar odds 



136 137

PA
RT

 II
I

8

ratio, however this did not reach statistical significance (0.4% vs. 0.3%, P=0.08, OR 1.6, 95% CI 
0.97 – 2.5). Stroke in woman took place at a median of 2 days (IQR 6), compared to 1 day (IQR 
6) in men (P =0.4). Stroke in patients with renal failure took place at a median of 7 days (IQR 
9) after discharge, compared to 1 day (IQR 6) in patients without renal failure (P<.001). Female 
gender and renal failure were both predictive for post discharge stroke in multivariable analysis, 
but not for in-hospital stroke. (Table III) 

Predictors for stroke or death.  In-hospital. In multivariable analysis, age>80 year, history of 
stroke/hemiplegia, history of TIA, history of angina/MI, renal failure, history of revascularization 
for peripheral vascular disease (PVD), dependent functional status, emergency procedures and 
ASA class >3 were independent predictors for stroke or death. (Table IV)
Post discharge. Female gender, history of stroke/hemiplegia, history of angina/MI, renal failure, 
COPD and dependent functional status were independently associated with post discharge 
stroke or death. Female gender and COPD were predictive for post discharge stroke/death, but 
not for in-hospital events. (Table IV) 

Predictors for other adverse events.  A history of COPD or dyspnea was predictive for post 
discharge and 30-day death, but not for in-hospital death. (Table V, available online) For cardiac 
events, no differential predictors were identified in the post discharge time period compared 
to in-hospital time frame. (Table VI, available online) As was seen with death and stroke/death, 
patients with a history of COPD were at increased risk for post discharge and 30-day combined 
S/D/CE, but not for in-hospital adverse events. (Table VII, available online). Although the risk 
factors identified for post discharge events (but not for in-hospital outcome) predicted different 
endpoints, the cumulative effect of these risk factors (female gender, renal failure and COPD) is 
shown in table VIII (online appendix) for all different time points. Patients undergoing emergency 
procedures were at increased risk for all in-hospital events, but not for post discharge events. 
All independent predictors for death (Table V), cardiac events (Table VI) and combined S/D/CE 
(Table VII) with respect to the different time intervals are available as an online supplement.

DISCUSSION
In a large number of patients among both community and academic institutions in the United 
States, carotid endarterectomy was performed with very low complication rates for stroke, death 
or cardiac events (MI or cardiac arrest). Approximately one third of procedural related events 
occur after discharge from the hospital. This was true for both patients with prior neurologic 
symptoms and for those who were asymptomatic. In this study we identified predictors for 
post discharge events, which have not previously been reported. We found that independent 
predictors for post discharge events, but not for in-hospital events were female gender (stroke 
and stroke/death), renal failure (stroke) and COPD (death, stroke/death and S/D/CE). 
Previously, Sidawy et al.4 described the occurrence of adverse events happening after discharge 
but within 30-days of revascularization. For CAS they found that 31% of combined strokes/deaths 
or MI’s were not captured during hospital admission; for CEA 28% of events were missed when 
only analyzing in-hospital data. Although less than half of patients in that analysis had 30-day 
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follow-up, our results confirm these estimates in a 100% follow-up cohort.  Most administrative 
vascular registries do not include post discharge events. The results of this study indicate that this 
may be a confounding feature for many studies based on such datasets.1-3, 10 It is well known that 
that hospital administrative data are not reliable to estimate non-fatal operative complication 
rates for surgical procedures in general.11 Recently, the reliability of administrative data to 
determine outcomes specifically for carotid revascularization procedures was questioned.9, 12 
Consistent entry of data beyond the in-hospital period seems to be not only important for true 
perioperative event risk estimation, but also to identify patients at risk for adverse perioperative 
events. Registries such as the NSQIP are critical to evaluate rare events such as postoperative 
stroke after CEA since single surgeon or single center experience are typically underpowered to 
evaluate procedures with low event rates. Our results demonstrate that in a subgroup of patients 
adverse events are more likely to happen after discharge, possibly influencing preoperative 
counseling and perioperative management. The timing of strokes suggests that some may be 
due to hyperperfusion and subsequent intracerebral hemorrhage.13, 14 Intracerebral hemorrhage 
occurs at unpredictable intervals in the postoperative course and its mechanism remains unclear. 
Previous analyses identified high-grade stenosis and severe intra- or postoperative hypertension 
as possible risk factors.13 Better blood pressure control and perhaps selective transcranial 
Doppler monitoring might benefit these patients.15 ‘Late’ stroke might also occur due to 
thrombo-embolism13 in patients who do not respond to anti-platelet therapy. Preoperative testing 
for antiplatelet responsiveness may identify subgroups at risk that may benefit from additional 
antiplatelet medication. Unfortunately, the type and laterality of post-operative stroke is not 
captured in the NSQIP. Future research efforts should evaluate the mechanism of post-operative 
stroke to guide further changes in perioperative management.
In our study we found that stroke in women seems to happen more frequently after discharge. 
Studies based on in-hospital results did not find differences in stroke and death rates after CAS 
and CEA in relation to gender.10, 16 However, several others have also identified women as a 
subgroup of patients at higher risk for 30-day adverse outcome after CEA.6, 17 Especially for 
asymptomatic women, the benefit of surgery may be less than that for men.18, 19 In our analyses, 
the difference between men and woman in post discharge events was identified for both those 
with, and without a previous neurological event, although this did not quite reach statistical 
significance for asymptomatic patients. Gender differences in outcome of CEA are still not well 
understood and merit further investigation.20, 21 Renal failure was also an independent predictor 
for post discharge stroke, but not for in-hospital or 30-day stroke. Two studies based on NSQIP 
data6, 22 found that impaired renal function was an independent risk factor for mortality and 
cardiac and pulmonary morbidity after CEA, but was not associated with increased risk of 
neurologic complications at 30-days, which was consistent with our results. Also other reports 
have suggested that renal failure is a risk factor for increased stroke risk and a marker for advanced 
atherosclerotic disease causing morbidity and mortality.23-25 
Several authors have reported risk factors associated with adverse outcome after CEA in order 
to identify high-risk groups and optimize management of patients with carotid artery disease.5, 

6, 18, 26, 27 Similar to prior reports we found that symptom status was a consistent predictor for 
adverse events (both in-hospital and post discharge), and that a history of preoperative stroke 
was more predictive than a history of TIA.27, 28 Among other risk factors for only in-hospital 
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or both in-hospital and post discharge outcome, we identified several patient characteristics 
previously described by others,  including diabetes26, 27and age >80 27, 29. Interestingly, we found 
that patients with redo-CEA had increased risk for in-hospital stroke, whereas others did not30, 31 
or only identified increased risk for local complications such as cranial nerve injury.32 However, 
these studies might not have detected a difference due to low event rates and small sample 
sizes. Adequately powered studies are needed to define optimal treatment in these patients. 
Under- and overweight patients had increased risk for stroke, suggesting that obesity is not only 
a risk factor for mortality,33, 34 but also for morbidity after CEA. This obesity paradox has been 
previously identified with vascular surgery procedures with a reverse J-shaped relation of BMI 
and adverse outcome, with the highest risk in the underweight and morbidly obese extremes, and 
the lowest rates in the overweight and mildly obese patients.33-36  Not surprisingly and consistent 
with previous literature,5, 27, 37 emergent procedures were predictive for all in-hospital adverse 
outcomes. This increased risk was, however, not persistent after discharge. This is understandable 
as most emergent procedures would be presumed to be performed for either stroke-in-evolution 
or crescendo TIA.28, 38 
This study has several limitations. NSQIP does not define preoperative symptom status in the 
same manner as most clinical trials.6 Although a recent report from our group showed that 
NSQIP does identify symptomatic patients with a high sensitivity, the number of false positives 
was about 25% (due to stroke or TIA occurring > 6 months prior to surgery or contralateral to the 
CEA).9 Therefore, we were only able to stratify the analysis regarding timing of events for patients 
with and without a previous neurological event and accounted for these symptoms individually 
in multivariable prediction models.  However, importantly, we did not find a difference in the 
occurrence of post-discharge stroke in those who were clearly asymptomatic compared to a 
group who had pre-operative neurologic events, the vast majority of which were likely within 6 
months of and ipsilateral to their CEA. Another limitation inherent to this database is the lack of 
anatomical preoperative factors such as history of previous neck radiation, degree of stenosis, 
or radical neck dissection. Also, the retrospective nature of the data may introduce a selection 
bias, which might have influenced the results.  Because non-fatal cardiac events proved to have 
a strong effect on patient survival, we included cardiac events as one of our primary outcome 
measures. Our definition of a cardiac event will capture both cardiac arrest and new Q-wave MI 
on ECG, but is somewhat limited by the NSQIP database because patients with ST-elevation MI 
(troponin leak) will be missed. Lastly, CAS procedures are not yet included in the NSQIP, but will 
be in the future allowing comparison of the two procedures. 
Conclusion. With 38% of perioperative adverse events after CEA happening post hospitalization, 
regardless of symptom status, surgeons should be alert to the ongoing risks after discharge 
particularly in women and patients with renal failure or a history of COPD. For research and 
quality improvement purposes, the full 30-day adverse event rates should be reported and 
compared when evaluating CEA or comparing CAS and CEA. 
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Table VIII Cumulative risk for stroke and stroke or death in the high risk groups (female gender, 
renal failure and COPD)* for post discharge events

Stroke Stroke/Death

# of risk 
factors

In-hospital Post Discharge 30-Day In-hospital Post Discharge 30-Day

0 1.0% 0.4% 1.4% 1.2% 0.7% 1.8%

1 1.2% 0.7% 1.9% 1.5% 1.1% 2.6%

2 0% 2.5% 2.5% 3.5% 5.0% 8.5%

3a 0% 0% 0% 4.3% 4.3% 8.7%
 
*High risk group based on the independent predictors identified for post discharge events by 
multivariable models. a 23 patients with all three risk factors present

Figure Days from operation until post discharge stroke after carotid endarterectomy
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ABSTRACT 
Introduction. Administrative data are often hampered by coding errors, absent data, and the 
difficulty of distinguishing pre-existing conditions from perioperative complications. We 
evaluated whether the introduction of the present on admission (POA) indicator improved 
outcome analysis of carotid endarterectomy (CEA) and carotid angioplasty and stenting (CAS) 
using administrative data.

Methods. State inpatient databases from CA (2005-2008), NY (2008) and NJ (2008) were used 
to identify patients undergoing CAS and CEA. We first analyzed morbidity data without the POA 
indicator, using ICD-9 complication codes (eg 997.02, iatrogenic cerebrovascular infarction or 
hemorrhage, postoperative stroke) and diagnosis codes (eg 433.11, occlusion and stenosis of the 
carotid artery with cerebral infarction). Then we applied the POA indicator to both diagnosis and 
complication codes and calculated the proportion of events that were labeled POA. Symptom 
status and perioperative stroke rate were compared using these coding approaches.

Results. We identified 21,639 patients who underwent CEA and 3,688 patients who underwent 
CAS. Without the POA indicator, the complication code for stroke indicated a postoperative 
stroke rate of 1.4% for CEA and 2.4% for CAS. After applying the POA indicator, 54% (CEA) and 
62% (CAS) of these strokes were labeled POA. These POA strokes were either preoperative or 
intraoperative events. Proportion of symptomatic patients ranged from 7 – 16% for CEA and from 
5 – 22% for CAS. Perioperative stroke rate was the lowest in the POA method (1.1% CEA, 1.8% 
CAS) compared to two other methods without POA information (1.4% and 9.5% CEA and 2.4% 
and 16.4% CAS). Kappa indicated a poor (0.2) to fair (0.7) agreement between these approaches.

Conclusions. Administrative data has known limitations for assignment of symptom status and 
non-fatal perioperative outcomes.  Given the uncertain timing of POA events as preoperative 
versus intraoperative and its apparent underestimation of the perioperative stroke rate, the use 
of administrative data even with the POA indicator for symptom status and non-fatal outcomes 

after CEA and CAS is hazardous. 
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INTRODUCTION
The use of administrative data to analyze population-based outcomes after carotid 
revascularization has recently been called into question.1,2 Despite the benefit of large patient 
samples, administrative data are often hampered by coding errors, absent data, and the difficulty 
of distinguishing pre-existing conditions from post-operative complications. More specifically, 
stroke may be either the indication for revascularization of a symptomatic carotid stenosis, or 
an adverse event after carotid angioplasty and stenting (CAS) or carotid endarterectomy (CEA). 
Such misclassification may lead to under- or overestimating both the proportion of symptomatic 
patients and the number of perioperative complications. Previous comparisons of CAS and 
CEA utilizing administrative data have been further limited by a lack of standardized outcome 
definitions. While some reports considered only complication codes (eg 997.02 iatrogenic 
cerebral infarction or hemorrhage - postoperative stroke) to identify postoperative strokes, others 
included diagnosis codes (eg 434.11 cerebral embolism with cerebral infarction) as well.3-5 A 
present on admission (POA) indicator has been developed to improve coding accuracy beyond 
the standard International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-
CM) diagnosis and complication codes. When the Centers for Medicare and Medicaid Services 
(CMS) implemented a new pay-for-performance policy in 2008, they mandated that all pre-
existing diagnoses or conditions be identified as POA in patient discharge abstracts. Whereas 
hospitals would not be penalized for pre-existing conditions designated as POA, management 
of ten pre-specified hospital acquired conditions (stroke not included), those without a POA 
identifier, would be non-reimbursable and ineligible for contribution to higher reimbursement 
diagnosis related groups (DRG).6 The refinement of administrative claims data through the addition 
of a POA indicator has been shown to improve the validity of surgical outcome measures, as 
investigated by prior studies.7-10  However, the impact of the new POA methodology has not yet 
been evaluated for carotid interventions. Therefore we utilized the State Inpatient Databases 
(SID), which consist of inpatient hospital discharge abstracts in participating states (about 90% 
of all U.S. hospital discharges) translated into a uniform format containing a core set of clinical 
and nonclinical information on all patients, regardless of payer. Our aim was to investigate the 
impact of the POA indicator on administrative data in order to evaluate outcomes of CAS and 
CEA.

METHODS
Database. The SID from three states (California 2005-2008, New York 2008 and New Jersey 
2008) was used to identify patients undergoing CEA and CAS. Database selection was made 
based upon data availability and sample size. Our inclusion criteria generated a study population 
>25,000 patients, which is comparable to other population based studies in the field.11,12 The SID 
is a component of the Healthcare Cost and Utilization Project (HCUP) produced by the Agency 
for Healthcare Research and Quality (AHRQ) and captures all hospitalizations that occur in 
community and academic hospitals in the participating states.13 Quality and comparison reports 
of the data are available online (http://www.hcup-us.ahrq.gov). Effective October 1, 2007, the 
Hospital Uniform Bill was enacted which set forth specific data requirements for hospital claims 
including a POA indicator for each diagnosis field. However, pioneering the practice in the 
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1990s, New York and California were early adopters of the POA indicator and required to report 
POA information in all in hospital discharge data as of that time. Thus, the POA indicator was 
a requirement for all included states during the study period.  For the purposes of the POA 
indicator, hospitals code (using a uniform format across all states) any conditions the patient has 
at the time of inpatient admission as POA. Medical record documentation from any provider 
involved in the care and treatment of the patient may be used to support the determination of 
whether a condition was present on admission. Hospitals and other facilities are required to use 
a standardized set of requirements and definitions to report the POA indicator as delineated in 
the Official UB-04 Data Specifications Manual and the ICD-9-CM Official Guidelines for Coding 
and Reporting.

Data retrieval. The SID was queried for patient selection using both ICD-9-CM procedure and 
diagnosis codes. Patients undergoing CEA (38.12) and CAS (00.61, 00.63) were identified. 
Patients undergoing cardiac procedures during the same hospital stay were excluded (coronary 
artery bypass, cardiac valve repair, percutaneous coronary artery intervention or a diagnostic 
cardiac catheterization). To ensure accurate coding on POA information, patients were selected 
with at least one diagnosis listed as POA. ICD-9 diagnosis codes include a separate set of codes 
for ‘Complications of surgical and medical care, not elsewhere classified’. For the purpose of this 
manuscript we will refer to these codes as ‘complication codes’, as others have done previously.1 
We used all diagnosis and complication codes (in each diagnosis field) that potentially represent 
comorbidities or outcome following carotid revascularization, as specified in the Appendix A. 
Codes were obtained by a thorough review of the coding literature and include all codes that 
were previously used for carotid interventions.

Present on Admission (POA) Defined. Present on admission is defined as any condition present 
at the time the inpatient admission order is placed. For carotid revascularization procedures, 
POA codes can refer to different events depending on the specific order of events for a particular 
patient. If the patient is admitted to the hospital prior to carotid revascularization, a POA event 
refers to a preoperative, pre-hospital condition, e.g. a complication stroke coded as POA will 
refer to a symptomatic patient. However, when the inpatient order is written after the procedure 
(e.g. same day admission patients scheduled for elective procedures), a POA event most likely 
refers to an intraoperative event. In the latter scenario, it is unclear which event or condition was 
present before the operation and which events were complications during procedures.  

Data analyses. For all patients undergoing CAS or CEA, frequencies and event rates for potential 
preadmission comorbidities and perioperative outcomes were calculated using diagnosis and 
complication codes without the application of the POA information. We then analyzed these 
rates in the presence of the POA information, which was applied on those same diagnosis and 
complication codes. The proportion of events that were POA and revised rates for each event were 
calculated, distinguishing the rate of ‘POA event rate’ from ‘non-POA event rate’. Subsequently, 
the proportion of symptomatic patients and postoperative stroke rate in symptomatic and 
asymptomatic patients was evaluated using three different previously described methodologies. 
3-5,14 While the first method (A) uses the complication code for stroke to identify perioperative 
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stroke, the second method (B) uses diagnosis codes for stroke together with the complication 
code for stroke to identify perioperative stroke. (Table I) In administrative data that contains POA 
information, a third methodology (POA) was used.11 Under the assumption that a complication 
code of stroke with a POA label refers to a pre-procedural condition, preoperative symptom 
status could be identified using both diagnosis and complication codes for neurologic symptoms 
(stroke, TIA, amaurosis fugax)5 with the POA flag. (Appendix B) Patients without any diagnosis 
codes for neurological symptoms are considered asymptomatic. Perioperative outcomes include 
both diagnosis codes and the complication code for stroke in the absence of POA flags. We 
calculated Cohen’s Kappa (К) to measure agreement of Method A and B with the POA Method 
to identify symptom status and perioperative stroke rate. Kappa values > 0.75 indicate excellent 
agreement between methodologies, 0.4 to 0.75 indicate fair to good agreement, and values < 0.4 
indicate poor agreement. In addition, mortality rates and stroke to death ratios were investigated.
Queries of the SID data were performed with SAS version 9.2. (SAS Institute, Cary, NC).  IBM 
SPSS version 19.0 (IBM Corp., Armonk, NY) was used for all statistical analyses. 
   
Table I Different methodologies to identify symptom status and perioperative stroke rate using 
administrative data

Symptom status Perioperative stroke

Method A Diagnosis codes for stroke, TIA and 
amaurosis fugax 

Complication code for stroke 

Method B Diagnosis codes for TIA and amaurosis 
fugax 

Diagnosis codes and the complication code 
for stroke 

Method POA Diagnosis codes for stroke, TIA and 
amaurosis fugax and the complication code 
for stroke with POA label 

Diagnosis codes and complication code 
without POA label 

TIA, transient ischemic infarction, POA, present on admission

RESULTS
A total of 41,684 patients were identified who underwent CEA (n=36,002; 86.4%) or CAS 
(n=5,682; 13.6%). 60.7% of those patients had at least one diagnosis listed as POA, resulting 
in a final study sample of 25,327 patients including 21,639 (85.4%) undergoing CEA and 3688 
(14.6%) undergoing CAS.

The proportions of comorbidities and adverse events that were POA. Without POA information, 
diagnosis codes for stroke were found in 9.1% (n=1960) of those undergoing CEA and 15.6% 
(n=574) of those undergoing CAS. After applying the POA information, 90.3% (CEA) and 91.3% 
(CAS) of these strokes were labeled POA. (Table II and III) The complication code for stroke 
was present in 1.4% (n=296) of patients undergoing CEA and 2.4% (n=87) of patients who 
underwent CAS. In 54% of CEA and in 62% of CAS patients, these strokes were labeled as POA. 
The vast majority of diagnosis codes for other neurologic or acute cardiac diagnoses such as 
TIA, amaurosis fugax and acute myocardial infarction (MI) were POA. The cardiac complication 
code was designated POA in 58% of CEA and 62% of CAS. Conditions that are infrequently 
encountered after carotid interventions, but are more likely to represent a postoperative 
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complication than a pre-existing condition, were most impacted by the POA indicator: between 
40 – 61% of peripheral vascular complications, respiratory complications, pneumonia and acute 
renal failure diagnosis were labeled POA for both CEA and CAS. Conditions that are regularly 
pre-existing conditions were correctly designated as being POA in more than 88% of diagnoses. 

Defining preoperative symptom status using administrative data. 15.9% (n=3436) of CEA 
patients were considered symptomatic using Method A (no POA information) and 7.1% (n=1540) 
using Method B (no POA information). In Method POA, 15.4% (n=3324) of CEA patients were 
considered symptomatic. (Table IV). Kappa indicated an excellent agreement between Method 
A compared to Method POA (0.96), while a fair agreement (0.57) was seen between Method B 
and Method POA.   
Among CAS patients, 21.7% (n=801) of patients were symptomatic using Method A, 4.6% 
(n=243) using Method B and 21.0% (n=776) using Method POA. Similar to CEA, kappa indicated 
an excellent agreement between Method A and Method POA (0.95) and a fair agreement (0.40) 
between Method B and Method POA. 

Defining perioperative stroke and mortality using administrative data. Following CEA, the 
perioperative stroke rate was 1.4% (5.9% symptomatic and 0.5% asymptomatic) using Method 
A. Using Method B, the perioperative stroke rate was 9.5% (4.8% symptomatic and 9.9% 
asymptomatic). Using Method POA, the perioperative stroke rate was 1.1% (2.5% symptomatic 
and 0.9% asymptomatic). (Table V) Between Method A and Method POA, kappa indicated a fair 
agreement in the identification of postoperative strokes (kappa 0.7).  Although the stroke rate 
in Method A (1.4%, n=296) and Method POA (1.1%, n=247) was fairly similar, 23.9% (n=59) 
of strokes that were designated as perioperative events with the POA Method were not picked 
up as perioperative strokes with Method A. Similarly, Method A designated 36.5% (n=108) of 
strokes as perioperative events, while these strokes were pre-existing with the POA methodology.   
Method B clearly identifies all strokes that were found using Method POA, but 88% (n=1817) of 
these strokes were designated as being POA with the POA Method. A kappa of 0.2 showed poor 
agreement between Method B and Method POA. Mortality for all patients was 0.5% and varied 
between symptomatic and asymptomatic patients according to the different methodologies that 
were applied. (Table V) Using the POA Method, death rate was 1.3% and stroke to death ratio 
was 1.9:1 for symptomatic patients, while death rate in asymptomatic patients was 0.4% and 
stroke to death ratio 2.5:1.
Following CAS, the perioperative stroke rate was 2.4% (7.5% symptomatic and 0.9% 
asymptomatic) using Method A. Using Method B, the perioperative stroke rate was 16.4% 
(8.4% symptomatic patients and 11.4% asymptomatic). Using Method POA, the perioperative 
stroke rate was 1.8% (3.4% symptomatic and 1.6% asymptomatic patients). (Table V). Similar 
inaccuracies and agreements between the three methodologies were identified as after CEA, 
illustrated by kappa values of 0.6 (Method A and Method POA) and 0.2 (Method B and Method 
POA).  
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In this study we examined the impact of the POA indicator on the accuracy of administrative 
data in order to evaluate outcome after CAS and CEA. While the majority of diagnosis codes 
represented conditions that were POA, we found that nearly half of complication codes were 
coded as POA. Our evaluation of the POA indicator identified several flaws with the use of this 
method as well as the others, indicating that the use of administrative data for carotid outcome 
analysis is limited.
A major limitation of the POA indicator is its variable designation of intraoperative strokes as 
either pre-existing or perioperative complications depending on the timing of admission order 
placement. Most elective carotid procedures will be scheduled as same day admissions with 
admission order placed only after the procedure. Following the coding guidelines, an intraoperative 
stroke during carotid intervention should then be coded as a complication code of stroke with 
a POA label. While the goal of the CMS pay-for-performance policy was to differentiate pre-
admission conditions (unrelated to hospital stay) from conditions or complications that develop 
during the hospital stay (and can be thus attributed to medical or surgical management), this 
interpretation is not applicable to a large proportion of carotid procedures. Therefore, the coding 
of such intraoperative strokes is confusing and potentially subject to error. This is reflected by 
an inconsistency in the proportion of strokes that would have occurred intraoperative in the SID 
(54% of all CEA strokes and 62% of all CAS strokes) compared to the proportion of intraoperative 
stroke identified in the SVS Vascular Registry (16% of all CEA and 33% of all CAS strokes)12 and 
in a large institutional review (15% of all CEA strokes).15 
While it is unclear what proportion of patients are admitted before or after their procedure, 
many will interpret POA events as preoperative comorbidities and conditions without a POA 
label as periprocedural events.11 Although the POA indicator was never validated by physician 
chart review, this POA methodology has the potential to improve outcome analyses based on 
administrative data compared to traditional methodologies. However, in all methodologies 
that were examined in this study, we identified serious shortcomings. The most important 
limitation of the POA method is that the POA indicator eliminates the ability to detect a second 
(perioperative) stroke in those patients who have a stroke complication code labeled POA. Under 
the assumption that this stroke represents a symptomatic patient, all perioperative events in this 
exceptionally high-risk group of patients would be missed. This also translates to a reduced 
apparent perioperative stroke rate for the Method POA even in comparison to Methods A and B, 
of which Method A is known to underestimate perioperative strokes. 3-5,14 
The low stroke rate in combination with an unexpectedly high proportion of asymptomatic 
patients in the NIS was recently criticized.1,2 The reported periprocedural stroke rate in these 
studies was lower than in major randomized controlled trials (RCT) such as the Carotid 
Revascularization Endarterectomy versus Stenting Trial (CREST).16 This is unexpected, because 
these RCT’s were executed in ideal circumstances with highly selected patients, surgeons and 
interventionalists. Using administrative data, mortality rate following CEA was higher in non-
trial hospitals compared to death rates in a trial setting.17 We found that the ratio of stroke 
to death after CEA and CAS in SID was half that or less compared to the combined stroke to 
death ratio’s of three major RCT’s among symptomatic patients ([CEA 1.9:1 in SID versus 3.8:1 
in RCT’s]; [CAS 0.6:1 in SID versus 4.3:1 in RCT’s]).18 However, the NIS and SID capture only 
in-hospital outcome while the RCT’s were based on 30-day outcome. A recent report from our 
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group found that over 30% of strokes happen after discharge but within 30 days of surgery.19 
These findings indicate that the non-fatal outcome of stroke is underreported in administrative 
databases particularly in comparison to mortality, which is a more readily definable endpoint. 
Similarly, symptom status is unreliable in administrative data.3,20 Using the POA method, we 
calculated that 15% of CEA’s and 21% of CAS procedures were performed in symptomatic 
patients. In other large vascular registries such as the VSGNE, one third of patients were 
reported as being symptomatic.21 The SVS vascular registry reported even higher rates between 
40-50%.12,16 The low rates found with the POA methodology thus do not ameliorate concerns 
regarding the use of administrative data to assign symptom status to patients undergoing carotid 
revascularization. Although it is highly unlikely that the NIS data represents the true proportion of 
symptomatic patients undergoing carotid revascularization in the US, certain societal guidelines 
still draw heavily on data derived from these administrative studies.22  Though the inclusion of 
administrative data to determine societal guidelines is well intentioned, it may be relying on 
inaccurate data.23 Hopefully future studies and the improvement of administrative data accuracy 
may confirm the generalizability of RCT’s to a broad spectrum of healthcare centers.
In our opinion, the only way to improve the reliability of administrative data for carotid 
interventions is to use diagnosis codes strictly for pre-existing conditions and complication 
codes strictly for postoperative outcome. In the ICD-10 coding system (goal implementation 
by October 2014), the current ICD-9 ‘complication’ code for stroke will be converted to a new 
code that will further define whether a complication of stroke occurred intra-operatively or 
postoperatively, with the addition of stroke laterality. Under this system, if the diagnosis codes 
for stroke were used for preoperative symptoms, the POA indicator would not be needed for 
carotid interventions. This methodology will also take away the possibility of miscoding an 
intraoperative event as a preoperative condition. Until the ICD-10 is implemented, the NIS 
and SID are inappropriate for analysis of stroke risk outcomes. However, the POA indicator is 
still of general interest for hospital and/or surgeon quality improvement programs and for pay-
for-performance initiatives as this assists in appropriately categorizing DRGs and calculating 
hospital reimbursements.  
This study must be interpreted in the context of its design including the inherent limitations of 
administrative data as discussed in this manuscript. The POA indicator is subject to coding error 
with improved accuracy for chronic conditions as compared to acute conditions.24 Although no 
evidence was found of systematic undercoding of POA, we limited our analyses to those patients 
with at least one diagnosis listed as POA to minimize coding errors on POA information. Finally, 
administrative data do not capture anatomic risk factors such as severity of carotid stenosis 
nor do they provide detailed information regarding preoperative symptoms such as laterality, 
frequency or severity.  However, it is unlikely that these limitations of administrative data had a 
significant effect on our overall findings.  
In conclusion, we found that the vast majority of diagnosis codes and nearly half of complication 
codes for stroke were coded POA.  Whether with the POA indicator or previously described 
methods for assignment of symptom status or perioperative strokes, administrative data appears 
to significantly underestimate the proportion of symptomatic patients undergoing carotid 
revascularization and the proportion of patients suffering perioperative strokes in comparison 
to RCT’s and other clinical registries of vascular surgery.  This demonstrates a persistent concern 
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about the validity of administrative data in defining symptom status and perioperative outcome 
after CEA and CAS. The primary benefit of this analysis is that it provides further evidence that 
administrative data have limited usefulness for non-fatal outcome analysis after CEA and CAS.

Table IV Symptom status of patients undergoing CEA or CAS using different methodologies (A, 
POA and B)

Method A Method POA Method B

n % n % n %

CEA

     Symptomatic 3436 15.9 3324 15.4 1540 7.1

     Asymptomatic 18203 84.1 18315 84.6 20099 92.9

CAS

     Symptomatic 801 21.7 776 21.0 243 4.6

     Asymptomatic 2887 78.3 2912 79.0 3445 95.4
POA, present on admission

Table V Stroke and death rate in patients undergoing CEA or CAS using different methodologies 
(A, POA and B)

Method A Method POA Method B

Stroke 
(%)

Death 
(%)

Stroke:
Death

Stroke 
(%)

Death 
(%)

Stroke:
Death

Stroke 
(%)

Death 
(%)

Stroke:
Death

CEA

     All patients 1.4 0.5 2.8:1 1.1 0.5 2.2:1 9.5 0.5 19:1

     Symptomatic 5.9 1.4 4.2:1 2.5 1.3 1.9:1 4.8 0.5 9.6:1

     Asymptomatic 0.5 0.4 1.3:1 0.9 0.4 2.3:1 9.9 0.5 19.8:1

CAS

     All patients 2.4 1.5 1.6:1 1.8 1.5 1.2:1 16.4 1.5 9.4:1

     Symptomatic 7.5 5.6 1.3:1 3.4 5.3 0.6:1 7.4 0.8 10.5:1

     Asymptomatic 0.9 0.4 2.3:1 1.4 0.5 2.8:1 17.0 1.6 9.5:1
 POA, present on admission 
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Appendix B: ICD-9 Codes used throughout the manuscript to evaluate symptom status and 
perioperative complications with and without POA information

Symptom ICD-9 Code Description
Stroke 99702a Iatrogenic cerebrovascular infarction or hemorrhage

43301 Occlusion and stenosis of basilar artery with cerebral infarction
43311 Occlusion and stenosis of carotid artery with cerebral infarction
43321 Occlusion and stenosis of vertebral artery with cerebral infarction
43331 Occlusion and stenosis of multiple and bilateral precerebral arteries with cerebral infarction
43381 Occlusion and stenosis of other specified precerebral artery with cerebral infarction
43391 Occlusion and stenosis of unspecified precerebral artery with cerebral infarction
43401 Cerebral thrombosis with infarction
43411 Cerebral embolism with infarction

43491 Cerebral artery occlusion, unspecified with infarction
431 Intracerebral hemorrhage
3429 Hemiplegia, unspecified, affecting unspecified side
36231 Central retinal artery occlusion
36232 Retinal arterial branch occlusion
4371 Other generalized ischemic cerebrovascular disease

Transient ischemic attack 4350 Basilar artery syndrome
4351 Vertebral artery syndrome
4352 Subclavian steal syndrome
4353 Vertebrobasilar artery syndrome
4358 Other specified transient cerebral ischemias
4359 Unspecified transient cerebral ischemia
7814 Transient paralysis of limb

Amaurosis fugax 36234 Transient retinal arterial occlusion
36812 Transient visual loss
36284 Retinal ischemia

ICD-9, International Classification of Diseases, Ninth Revision 
a The ‘complication code’ for stroke
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General discussion

Since DeBakey performed the first successful carotid endarterectomy (CEA) in 1953, the precise 
role of carotid revascularization procedures in the prevention of stroke has been the subject of 
much literature and controversy. While four landmark randomized trials have clearly validated 
the use of CEA for the management of asymptomatic and symptomatic significant carotid artery 
stenosis, its risk-to-benefit ratio is variable for different patients.1-4 With the advent of carotid 
artery stenting (CAS) and the recent improvements in medical therapy, an added degree of 
complexity has emerged in the effort to optimize management for patients with carotid artery 
disease. While insight toward this clinical dilemma has come from a number of study designs, 
(comparative) outcome analyses of CAS and CEA form the cornerstone of the evidence presented 
in this thesis. 
In 1902, Boston surgeon Codman was pioneering the ‘End Result Idea’, and he developed 
the first registry on bone sarcoma.5,6 Though this was considered curious at the time, he 
advocated transparency to promote quality improvement, patient selection, and physician 
education. Nowadays, this systematic approach to evaluate postoperative outcomes is just as 
crucial and informative as it was a century ago. High quality clinical outcome research has 
impacted healthcare tremendously and will continue to do so.  Following Iezzoni’s ‘Algebra of 
Effectiveness’ theory, health care outcome is a function of clinical patient factors, quality of care 
and random events.7 In this thesis we investigated how these three aspects influenced outcome 
of patients with high-risk comorbid conditions undergoing CEA or CAS, ultimately enabling 
optimal decision making for the individual patient. In this final chapter I will outline our main 
findings within the context of the current literature. I will also discuss future directions for further 
investigation in this area. 

Consequences of the high-risk stratification
Patients with unfavorable anatomical features or medical comorbidities are generally considered 
a ‘high-risk group’ for CEA.8  Based on this potential increased surgical risk, patients were 
excluded from the large randomized controlled trials (RCT) that compare the effectiveness of CAS 
versus CEA.9-11 The consequences of these exclusions were two-fold. First, RCT’s were executed 
in circumstances with highly selected patients, surgeons and interventionalists, leading to an 
‘ideal’ setting among ‘average’ or even ‘low’ risk patients. While the results of such studies serve 
as a benchmark for many vascular practices, they cannot simply be applied to all patients with 
carotid artery disease. This phenomenon was illustrated by increased mortality rates following 
CEA in non-trial hospitals compared to death rates in the trial setting.12 Although the composite 
outcome of stroke, death, myocardial infarction (MI) was similar between endovascular and 
surgical treatment, literature suggests that CEA has a lower stroke or death rate at 30-days than 
CAS.9,11,13,14 This benefit of CEA is generally counterbalanced by a greater risk of cranial nerve 
injury (CNI) and MI as compared to CAS. While this evidence indicates that CAS may be a 
safe procedure under specific conditions in selected patients treated by selected physicians, the 
generalizability of these results remains unknown. CEA remains the standard of care for treating 
patients with severe carotid disease in the absence of high-risk factors. 
Second, the effectiveness of CAS in these ‘high-risk’ patients for CEA was assessed in various CAS 
trials and registries.15-17 While most suggested 30-day safety, the SAPPHIRE trial is the only RCT 
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designed to compare CAS and CEA in a high-risk population.18,19 In this non-inferiority study, 
the 30-day stroke, death, and MI rates in the CEA arm were as high as 9.8% (vs. 4.8% CAS). The 
MI rate of 6.6% strongly influenced this composite endpoint. The generalizability of this cohort 
may be limited as approximately 70% of the study population was asymptomatic and the study 
design lacked stratification within the various high-risk groups. Despite this limited evidence, 
the Centers for Medicare and Medicaid Services (CMS) have approved reimbursement for CAS 
in patients meeting high-risk criteria with symptomatic ≥70% stenosis.20 This led to a significant 
increase in CAS use among these patients, particularly in the United States.21 Since that time, 
the debate as to what precisely defines ‘high-risk’ and as to whether the CMS criteria correctly 
identify high-risk patients has emerged.22-25 Is the risk of undergoing CAS in these patients 
decreased, equal to, or even increased as compared to CEA?

The concept of high-risk
Increased surgical risk is a relatively nebulous concept encompassing patients at increased risk 
for several adverse events after CEA including ‘major’ complications such as stroke, MI or death, 
as well as ‘minor’ complications such as CNI, bleeding or infection. The incidence of these 
events are often used as measures of effectiveness, but the risk of these procedures may vary 
only minimally between CAS and CEA, if the quality of care is considered equal.9,26 Following 
Iezzoni’s theory, ultimate outcome is determined by clinical patient factors associated with the 
risks of either procedure (CAS or CEA). The likelihood of complications during an intervention 
generally increases with increasing baseline patient risk. Comorbid conditions impact the 
relative safety of both CAS and CEA, but often to a different extent. This point is emphasized in 
several chapters of this thesis. 
The results of chapter 5 indicate that some, but not all, CMS high-risk criteria identified patients 
at increased risk for 30-day stroke or death after CEA. For both treatment modalities, symptom 
status was a significant predictor of adverse outcome. Of the high-risk criteria, congestive heart 
failure class III/IV, left ventricle ejection fraction <30%, angina, contralateral occlusion and high 
anatomic lesion predicted stroke or death after CEA. For CAS, only recent MI was predictive 
of stroke or death. Despite this, 30-day CAS outcomes between high-risk patients and patients 
who did not meet any of the high-risk criteria were statistically similar for both symptomatic 
(7.9% vs. 4.9%, P=NS) and asymptomatic (4.8% vs. 3.6%, P=NS) patients. On the other hand, 
all CEA patients with a high-risk status had an increased risk for adverse events compared to 
non high-risk patients (symptomatic: 6.3% vs. 3.9%, P<.01, asymptomatic: 3.7% vs. 1.4%, 
P<.01). These results indicate several things: 1) That ‘high-risk status’ only includes certain 
patient-related characteristics; 2) That these criteria are different for CAS and for CEA; 3) That 
outcomes in high-risk CEA patients are not improved with CAS; and 4) That CAS and CEA may be 
complementary procedures in patients with certain high-risk factors. These general implications 
(Figure) were confirmed in chapters 1, 3, 4 and 6 where we assessed the outcome of CAS and 
CEA per anatomic high-risk factor. 
In chapter 1 we concluded that CAS and CEA were equally effective in patients with prior cervical 
radiation therapy. We performed a systematic literature review to overcome the limitations related 
to study of rare events with small sample size cohort studies. Even in chapter 5, the number of 
patients with prior radiation therapy who underwent CEA was too small to draw any conclusions 
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on outcome (n=19, no events). However, combined stroke, death, MI rate after CAS in this 
study (4.5% in symptomatic patients, 2.5% in asymptomatic patients) compared favorably to the 
rate of 3.9% that we identified in our pooled analysis in the first chapter. Due to heterogeneity 
among the included studies, we were unfortunately not able to stratify for symptom status in 
this meta-analysis. In chapter 5, we identified a protective effect for major adverse events after 
CAS (OR 0.5, 95% CI 0.3 – 0.9) among patients with a history of prior radiation compared to 
patients without prior radiation. The protective effect among patients treated with CAS may be 
attributed to a more stable, less vulnerable lesion27, as shown in chapter 2. Despite a more stable 
plaque, patients with prior radiation therapy seem to have an increased risk for symptomatic 
carotid stenosis. The mechanism for these apparently contradictory findings remains unclear and 
may be the subject of future projects. Possibly, factors other than plaque rupture or thrombus 
formation may contribute to neurological symptoms, such as progressive stenosis through 
intima-media thickening.28 Unfortunately, neither chapter informs us on the exact condition of 
the preoperative tissue in the neck that may influence outcome.29 Therefore, we believe that 
choice of treatment for patients with a history of prior radiation therapy should be individualized 
taking into consideration other patient factors (e.g. the status of the cervical area, life expectancy 
or age) that could impact outcome. Future work should focus on the identification of these other 
factors and to the long-term benefit of CAS and CEA in this population. 
In agreement with the results chapter 5, chapters 3 and 4 demonstrated that CEA and CAS 
yielded similar results in both symptomatic and asymptomatic patients with restenosis after prior 
CEA. In chapter 3 we found that the risk associated with CEA in these patients was increased 
compared to patients undergoing primary CEA, while the risk with CAS was lower in patients 
with restenosis after prior CEA compared to patients without restenosis. Similar to our findings 
in the previously irradiated patients, the combination of a higher risk population in the primary 
CAS group and a supposedly more stable plaque in restenotic lesions may explain these results. 
For symptomatic patients, both CAS and CEA are suitable options for carotid revascularization 
in the setting of restenosis. For asymptomatic patients, the benefit of intervention for restenosis 
is less clear with stroke/death rate of 2.9% after CEA, generally the upper limit of acceptable risk 
cited in societal guidelines. Future work should focus on identifying those asymptomatic lesions 
that will eventually become symptomatic, and which asymptomatic patients have increased risk 
for perioperative events. 
Both radiation and restenosis have historically been thought to confer increased risk of 
intraoperative CNI.  While others have reported an increased risk of CNI after redo-CEA and prior 
radiation therapy,30,31 our data did not demonstrate this finding. Because the clinical importance 
of CNI as a relevant safety endpoint remains debatable,14,32-34 we undertook a thorough analysis 
identifying transient and persistent CNI in chapter 7. In this chapter we confirmed that cranial 
nerve risk is not necessarily higher in patients with an impaired neck due to prior radiation 
or redo-surgery. On the contrary, we identified several operative factors such as urgency and 
(sub) acute re-operation as independent predictors of CNI. Although these results were based on 
standard of care and quality in the New England region and CNI was not evaluated by objective 
methods, our results were comparable to previous large studies and major RCTs (4.7 – 8.6%).9,35-

37 This chapter also emphasized the value of a large database to determine the true effects of 
patient related variables on outcome.  
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In chapter 6 we assessed contralateral occlusion, another anatomical criterion thought to confer 
‘high risk’ after CEA. Based on our findings in chapter 5, we designed our study to assess the 
impact of the status of the contralateral artery, stratified for different degrees of severity. Our 
results indicated that the influence was different for different subgroups, depending on symptom 
status and degree of stenosis of the ipsilateral artery. The increased stroke risk in patients with 
contralateral high-grade disease could be related to diminished collateral blood flow. However, 
this would not account for the fact that symptomatic patients with severe stenosis were not 
impacted by contralateral disease. As such, the exact mechanism of stroke is not fully understood. 
It would be very interesting to unravel these mechanisms and relate patient characteristics to 
different types of stroke, leading to better risk stratification. This would be also of importance to 
better explain our findings in chapter 8, where we identified that women, patients with renal 
failure and patients with COPD were at increased  risk for ongoing stroke after discharge (until 
30-days after the procedure). The timing of post-discharge strokes suggests that some may be due 
to hyperperfusion and subsequent intracerebral hemorrhage.38,39

Pitfalls of outcome analyses in carotid revascularization
In this thesis, we used data from prior literature, institutional data and registry data to help select 
the optimal mode of revascularization therapy for ‘high-risk’ patients. While one might prefer 
randomized data to select the optimal procedure for a particular patient, this is likely many years 
away and as discussed previously, the ideal circumstances of RCT’s limit the generalizability of 
the results to the real world setting. In addition, the large sample size and ‘real world’ setting of 
registry data favor its use for the purpose of this thesis. However, some serious difficulties must be 
addressed and discussed. For example, in the real world data from the SVS Vascular Registry (VR) 
in chapter 5, the vast majority (90.5%) of CAS patients meet Centers for Medicare & Medicaid 
(CMS) high-risk criteria and had more comorbid conditions than CEA patients, where only 37% 
met criteria for one or more high-risk factors, making unadjusted comparison difficult to interpret. 
As a result of the high-risk criteria proposed by CMS, there may be over-representation of high-
risk and/or symptomatic patients selected for CAS. However, after multivariable risk adjustment, 
CAS had higher rates than CEA for major adverse events (OR 1.2, 95% CI 1.01-1.5), death (OR 
1.5, 95% CI 1.01-2.2) and stroke (OR 1.3, 95% CI 1.01-1.7), while there was no difference in 
MI (OR 0.8, 95% CI 0.6-1.3).21 Although these results compare favorably to the outcomes of the 
large RCT’s, the resulting imbalance in the underlying risk profile between CAS and CEA patients 
can generate biased results. In all our chapters, we carefully adjusted for differences in patient 
characteristics. By looking at anatomic high-risk factors separately, patient characteristics were 
reasonably well balanced across treatment arms. In chapter 4, the CEA group had even ‘worse’ 
comorbid conditions than the CAS group. However, unknown factors could be missed that made 
the surgeon decide CEA such as the physician’s experience or patient’s preference. 
In chapter 8 we identified another issue limiting the comparison of CAS and CEA in many studies. 
Many reports that are based on institutional, registry and administrative data do not include 
post discharge events. In the (NSQIP) Surgical Quality Improvement Database we found that 
approximately a third of adverse events occurred after hospital discharge. These results suggest 
that the lack of post-discharge follow up may represent a serious limitation in the many studies 
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based on such datasets.40-43 Consistent entry of data beyond the in-hospital period seems to be 
not only important for true perioperative event risk estimation, but also to identify patients at risk 
for adverse perioperative events. Our results demonstrate that in a subgroup of patients adverse 
events are more likely to happen after discharge, possibly influencing preoperative counseling, 
perioperative management, post-hospital disposition and follow up. 
The last major issue in outcomes analyses with large databases is the source of the data. It is 
well known that hospital administrative data are generally not reliable for estimation of non-fatal 
perioperative complication rates.44 While others have questioned the reliability of administrative 
data to determine outcomes specifically for carotid revascularization procedures,45,46 we 
proved that the Nationwide Inpatient Sample, data predominantly used for billing purposes, 
contain inaccurate data for the purposes of outcome analyses after CEA and CAS (chapter 9). It 
seems highly unlikely that these datasets represent the true proportion of symptomatic patients 
undergoing carotid revascularization in the United States and accordingly, the postoperative 
stroke rate is likely grossly underestimated. The present on admission indicator did not improve 
these inaccuracies. However, certain societal guidelines still draw heavily on data derived from 
these administrative studies.47 Hopefully future studies and the improvement of administrative 
data accuracy may confirm the generalizability of RCT’s to a broad spectrum of healthcare centers. 
While administrative data have many limitations, registries developed for quality improvement 
purposes (in contrast to billing purposes) such as the NSQIP, SVS-VR and the Vascular Study 
Group of New England are critical to evaluate rare events such as postoperative stroke after CEA 
and CAS. Single surgeon or single center experiences are typically underpowered to evaluate 
procedures with low event rates such as these. It would be very interesting to introduce such 
quality improvement auditing for specific vascular procedures to Europe to systematically track 
outcomes and subsequently improve vascular care on patient-, surgeon- and population levels. 
As part of the Dutch Institute for Clinical Auditing, the recently started (July 1, 2013) Dutch Audit 
for Carotid Interventions does have this potential for The Netherlands. 

Future directions

The goal of this thesis was to evaluate the concept of risk in relation to both CEA and CAS 
in an attempt to help guide present-day clinical decision-making and to highlight gaps in 
knowledge that may serve as areas of further investigation. This thesis proved that anatomical 
and physiologic conditions could affect the anticipated outcome of each treatment modality. We 
found that high-risk patients, when included in the risk-to-benefit analysis of a given therapeutic 
modality, often have a greater impact on safety and efficacy analysis than the remainder of the 
study group. We also found that the initially ‘high-risk’ patient for CEA does not seem to benefit 
from CAS per se, but that the role of CAS is rather complementary to CEA than competitive.  
Ultimately, a tailored approach to each patient’s clinical situation is likely to result in the best 
outcome following treatment. Outcome is not determined by one high-risk factor, but relies 
on a combination patient’ factors. Ideally, clinicians should be able to estimate the outcome 
of individual patients, expressed in risks and benefits (stroke-free survival) for intervention 
and best medical therapy. In order to reach this goal, the unanswered questions discussed in 
this chapter should be explored in future endeavors. Furthermore, future work should focus 
on the identification of those asymptomatic patients that are likely to become symptomatic. 
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These patients will benefit from carotid intervention. Because ‘high-risk’ conditions increase 
the likelihood of adverse events during CAS and CEA, in patients who remain asymptomatic, 
revascularization will be hazardous. 

Figure General patterns of the impact of high-risk factors on outcome after CEA or CAS
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Nederlandse samenvatting - Summary in Dutch

Een cerebrovasculair accident (CVA) is de meest voorkomende oorzaak van invaliditeit in 
de westerse wereld. 80% van de CVA’s berust op een kortdurende, of langere ischemische 
periode van een deel van het brein. Dit lijdt tot voorbijgaande (transient ischemic attack, TIA) 
of blijvende uitvalsverschijnselen (herseninfarct of stroke). Een vernauwing van de diameter 
van de de arteriae carotides (halsslagaders) is een belangrijke oorzaak van deze symptomen. 
Atherosclerose (aderverkalking) ligt meestal ten grondslag aan deze vernauwing. Atherosclerose 
wordt omschreven als een ontstekingsproces van de vaatwand, dat begint met een opeenstapeling 
van vetten. Als deze zogenaamde ‘plaque’ langzaam groter wordt, wordt de diameter van het 
vat nauwer en spreekt men van een stenose. Dit proces kan jaren duren. De plaque belemmert 
de bloedtoevoer naar de hersenen, maar kan ook deels of volledig afscheuren. Beide situaties 
lijden tot ischemie (zuurstoftekort) van de hersenen en de daarbij behorende (invaliderende) 
symptomen zoals hierboven beschreven. Dit proefschrift richt zich op de optimale behandeling 
van patiënten met een carotis stenose, om zo een CVA of een recidief CVA in de toekomst te 
voorkomen.

Revascularisatie mogelijkheden 
De behandeling van een carotis stenose is gericht op twee pijlers. De eerste is de medicamenteuze 
behandeling, waarbij het bloed dun gehouden wordt en het atherosclerotisch proces wordt 
geremd door middel van medicijnen. De tweede pijler bestaat uit het revasculariseren van de 
arterie carotis, ofwel het herstellen van de vascularisatie (doorbloeding). De eerste, en oudste 
methode hiervoor is de carotis endarteriëctomie (CEA). Deze operatie werd vanaf de jaren ’50 
in toenemende mate uitgevoerd. Jaarlijks worden er ongeveer 100.000 carotisoperaties in de VS 
verricht. De plaque, die meestal ter plaatse van de carotis bifurcatie zit (daar waar de carotis 
communis zich splitst in de carotis interna en externa), wordt hierbij operatief verwijderd. 
De resultaten van enkele belangrijke studies hebben de toegevoegde waarde van de CEA bij 
een symptomatische (doorgemaakte TIA of stroke) stenose ≥70% bewezen ten opzichte van 
medicamenteuze behandeling alleen. Een gunstig effect van een CEA bij een asymptomatische 
stenose (nog geen TIA of stroke doorgemaakt) lijkt alleen stand te houden als de incidentie 
van complicaties gedurende de operatie laag is. Omdat de operatie als inherente complicatie 
soms juist datgene veroorzaakt (een CVA), wat het beoogt te voorkomen, is een zorgvuldige 
risicoafweging  noodzakelijk. Als alternatief voor de conventionele CEA is in de afgelopen 
twee decennia de endovasculaire methode middels stentplaatsing (CAS) ontstaan. CAS heeft 
de potentiële voordelen van een minimaal invasieve revascularisatie procedure, zoals het 
vermijden van lokale chirurgische complicaties, geen risico’s van algemene anesthesie en een 
korter  ziekenhuisverblijf. Echter, CAS verwijdert niet de atherosclerotische plaque, en zou 
daarom potentieel minder duurzaam kunnen zijn dan CEA. 

Behandel strategie 
Een aantal belangrijke gerandomiseerde trials hebben de resultaten van CAS en CEA met elkaar 
vergeleken. Hieruit blijkt dat CAS mogelijk een iets hoger risico op een stroke geeft gedurende 
de procedure in vergelijking met CEA. De verschillen op lange termijn zijn miniem. Deze 
vergelijkende onderzoeken zijn destijds uitgevoerd in de ‘normale’ patiëntpopulatie met een 
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‘gemiddeld’ risico op complicaties tijdens de procedure. Een belangrijke groep patiënten zijn 
voor deze trials uitgesloten, omdat zij een potentieel hoger risico zouden hebben op complicaties 
tijdens de CEA.  Deze groep omvat patiënten met uiteenlopende kenmerken, gecategoriseerd 
in anatomische en fysiologische karakteristieken (zie tabel). Voor deze patiëntengroep wordt 
vaak CAS voorgesteld als alternatieve, minimaal invasieve behandeling voor CEA. CAS wordt 
in de VS zelfs alleen vergoed indien patiënten aan deze bepaalde karakteristieken voldoen. 
Dit heeft ertoe geleid dat CAS in toenemende mate wordt uitgevoerd onder deze patiënten. De 
absolute risico’s met CAS zijn echter onbekend en er is onvoldoende bewijs dat de behandeling 
daadwerkelijk beter is dan CEA. 

Dit proefschrift
In dit proefschrift zijn de risico’s van zowel CAS als CEA in de verschillende hoog-risico patiënten 
naast elkaar gezet en met elkaar vergeleken. We zien dat er in geen van alle specifieke hoog-
risico groepen een duidelijke voorkeur voor een procedure is. In de meeste gevallen zien we dat 
het stroke risico’s in ieder geval niet lager is na CAS dan na CEA. 
In het eerste deel hebben we de resultaten van CAS en CEA vergeleken in twee hoog-risico 
patiënt categorieën, namelijk 1) patiënten met eerdere radiotherapeutische bestraling in 
de hals regio (hoofdstuk 1 en 2) en 2) patiënten met een restenose na een eerdere operatie 
aan dezelfde arterie carotis (hoofdstuk 3 en 4). Deze twee factoren maken de hals regio 
een minder aantrekkelijk operatiegebied, doordat het weefsel is aangetast door eerdere 
therapie. Een endovasculaire procedure geeft hier mogelijk minder lokale problemen, zoals 
hersenzenuwletsel en wondinfecties. We zien inderdaad dat er iets meer zenuwletsel is bij CEA, 
maar dat het stroke risico gelijk is bij CEA en CAS. In hoofdstuk 7 tonen we echter aan dat het 
risico van hersenzenuwletsel niet verhoogd is onder deze groep patiënten in vergelijking met 
de ‘normaal-risico’ patiënt. Ook zijn de meeste hersenzenuwletsels van voorbijgaande aard en 
deze complicatie zal daarom niet als doorslaggevend criterium gebruikt moeten worden om 
te kiezen voor CAS boven een CEA. Ook in patiënten met een contralaterale occlusie zagen 
we geen duidelijk verschil in uitkomst tussen CAS en CEA (hoofdstuk 5). Daarom hebben we 
de procedures samengenomen en gekeken welke patiënten er een groter risico hebben op een 
complicatie na de ingreep door de aanwezigheid van een carotis stenose of occlusie (volledige 
afsluiting) aan de contralaterale zijde. We vonden dat een contralaterale occlusie in een 
symptomatische patiënt geen hoger risico op complicaties geeft dan een symptomatische patiënt 
zonder contralaterale occlusie. Een asymptomatische patiënt met een hooggradige stenose en 
een contralaterale occlusie heeft echter wel een significant hoger stroke risico. De manier van 
revascularisatie (CAS of CEA) is hier niet op van invloed. De laatst genoemde patiëntengroep 
zou mogelijk in aanmerking komen voor medicamenteuze therapie alleen, zonder interventie. 
In de verschillende hoofdstukken in dit proefschrift tonen we aan dat er vele, vaak uiteenlopende, 
factoren samenhangen met het uiteindelijke behandelresultaat. Andere factoren dan de genoemde 
anatomische ‘hoog-risico’ factoren die het risico op stroke of overlijden met CEA verhogen zijn 
bijvoorbeeld geslacht (vrouwen), nierfalen, COPD, spoedoperatie, een ‘zorgbehoevende’ status 
en perifeer vaatlijden. De juiste behandeling kiezen voor de individuele patiënt met een carotis 
stenose blijft dus een uitdaging. Het is echter onmogelijk om de therapiekeus af te laten hangen 
van één hoog-risico factor. De besproken anatomische hoog-risico factoren mogen dan ook 
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zeker niet het enige argument zijn om een stentplaatsing te doen, maar deze beslissing zal 
verder onderbouwd moeten worden. In het algemeen zijn de procedurele risico’s van zowel 
CAS en CEA echter laag en lijken beide behandelingen elkaar eerder aan te vullen dan dat ze 
concurrenten van elkaar zijn. 
In dit proefschrift zijn niet alleen de risico’s van CAS versus CEA met elkaar vergeleken, maar 
is ook kritisch gekeken naar de bron van de gepresenteerde data. Grote databases zijn populair 
om uitkomsten van grote groepen mensen te objectiveren en te vergelijken. De registraties die 
erop gericht zijn om de kwaliteit van het onderzoek te verbeteren zijn hier uitermate geschikt 
voor. Er wordt op deze manier op vlotte wijze grote aantallen data verzameld, waardoor er 
met een relatief hoge zekerheid een statistisch verschil kan worden aangetoond, ondanks dat 
de complicatie (bijvoorbeeld stroke) zelf niet vaak voorkomt. Het voordeel is dat men ‘real 
world’ data kan analyseren en het directe effect van een (kwaliteits-) verandering of maatregel 
kan meten, om hier vervolgens op te kunnen anticiperen. Ondanks dat er vaak onafhankelijke 
personen zijn aangenomen om de gegevens in de database in te voeren, blijven het zogenaamde 
‘zelfgeraporteerde’ data. Als de resultaten geanonimiseerd blijven voor derden lijkt dit geen 
probleem. Echter als de data (ook) voor andere, met name financiële, doeluiteinden gebruikt 
worden blijken de data zeer onbetrouwbaar. Wij concluderen dat de grootste database in 
the USA (Nationwide Inpatient Sample) uiterst ongeschikt is om CAS en CEA met elkaar te 
vergelijken. Alle conclusies die uit eerder onderzoek in deze database volgen zijn hierdoor 
ook onbetrouwbaar en zullen niet gebruikt moeten worden om aanbevelingen te doen in de 
(internationale) richtlijnen voor de behandeling van de carotis stenose. 

Tabel: Definitie van hoog-risico door de Centers for Medicare & Medicaid Services

Patiënten met een hoog-risico voor CEA worden gedefinieerd als patiënten met comorbiditeiten of anato-

mische risicofactoren, waardoor zij als ‘slechte’ kandidaten voor CEA worden gezien door de behandelend 

chirurg.

Fysiologische risicofactoren 

• Hartfalen klasse III/IV;

• Linker ventrikel ejectie fractie <30%; 

• Onstabiele angina pectoris;

• Recent myocard infarct;

Anatomische risicofactoren 

• Contralaterale occlusie van de arterie carotis. 

• Eerdere ipsilaterale CEA met restenose; 

• Eerdere radiotherapie in de cervicale regio; en

Overige condities die eerder gebruikt zijn in grote vergelijkende onderzoeken tussen CAS en CEA om 

patiënten met een hoog-risico voor CEA uit te sluiten. 
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lijke liefde en ongekende vertrouwen in alles wat ik doe. Met z’n tweeën kunnen jullie denk ik letterlijk de 

wereld aan, en daar word ik een heel blij en trots meisje van. Hou van jullie!

Bart, ik hou zo veel van jou!! Samen lachen, samen leven, samen delen. Straks twee boeken in misschien 

wel een kast. En als niet dan toch, geniet ik van elke seconde met jou...! Dank voor je zijn piefie. Heb 

zoveel zin in alle dingen die het leven voor ons in gedachten heeft!
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