


Therapeutic perspective of the revascularized carotid artery
Thesis, University Utrecht, Faculty of Medicine, with summary in Dutch
Proefschrift, Universiteit Utrecht, met een samenvatting in het Nederlands

Copyright © by B.L. Reichmann 2013

All rights reserved. No part of this publication may be reproduced, stored in a retrieval 
system of any nature or transmitted in any form or by any means, electronic, 
mechanical, photocopying, recording or otherwise, without prior permission of the 
author, or when appropriate, the publishers of the papers.

ISBN: 978-90-3935-908-2
Layout & cover design: Wendy Schoneveld, www.wenziD.nl
Printed by: Gildeprint Drukkerijen Enschede

The printing of this thesis was financially supported by:
Chipsoft B.V., WL Gore & Associates, Krijnen Medical Innovations BV, Vascutek,  
Chirurgisch Fonds UMC Utrecht, Directiecomité Amphia Ziekenhuis, Takeda 
Nederland BV en Mundipharma Pharmaceuticals B.V.

Financial support by the Dutch Heart Foundation for the publication of this thesis is 
gratefully acknowledged. 



THERAPEUTIC PERSPECTIVE OF THE 
REVASCULARISED CAROTID ARTERY

THERAPEUTISCH PERSPECTIEF VAN DE 
GEREVASCULARISEERDE HALSSLAGADER

(met een samenvatting in het Nederlands)

Proefschrift

ter verkrijging van de graad van doctor aan de Universiteit Utrecht  
op gezag van de rector magnificus, prof.dr. G.J. van der Zwaan,  

ingevolge het besluit van het college voor promoties in het openbaar  
te verdedigen op donderdag 4 april 2013 des middags te 4.15 uur

door

Boudewijn Lodewijk Reichmann

geboren op 11 december 1978 te Hilversum



Promotor: 
Prof. dr. F.L. Moll

Co-promotor:
Dr. G.J. de Borst



Aan mijn ouders en Marianne



CONTENTS

Chapter 1 Introduction and outline of the thesis 9

Part I  |  The Internal Carotid Artery

Chapter 2 Is age of 80 years a threshold for carotid revascularization
Current Cardiology Reviews: 2011;7(1); 15-21

23

Chapter 3 Atherosclerotic plaque vulnerability as an explanation for the 
increased risk of stroke in elderly undergoing carotid artery 
stenting
Stroke. 2011 Sep;42(9):2550-5

37

Chapter 4 Treatment of Recurrent Stenosis After Previous Carotid 
Endarterectomy. 
Current therapy in vascular and endovascular surgery, 
5th Edition
Accepted for publication

49

Chapter 5 Interprocedural comparison of changes in natural flow velocity 
patterns in the internal carotid artery following CAS or CEA
Accepted for publication in the European Journal of Vascular and 
Endovascular Surgery 

59

Chapter 6 Carotid endarterectomy for treatment of in-stent restenosis 
after carotid angioplasty and stenting 
Journal of Vascular Surgery. 2011 Jul;54(1):87-92

75

Part II   |  The External Carotid Artery

Chapter 7 The fate of the external carotid artery after carotid artery 
stenting. A follow-up study with duplex ultrasonography
European Journal of Vascular and Endovascular Surgery 
2007 Jun;33(6):657-63 

89

Chapter 8 Selective external endarterectomy in patients with ipsilateral 
symptomatic internal carotid artery occlusion
Accepted for publication in Journal of Vascular Surgery

103



Chapter 9 Duplex follow-up after standardized eversion endarterectomy 
of the external carotid artery during carotid endarterectomy  
Manuscript in preparation

117

Chapter 10 External Carotid Artery patency following carotid endarterec-
tomy or stenting
Accepted under conditions in European Journal of Vascular and 
Endovascular Surgery

129

Part III  |  Summary and General Discussion

Chapter 11 Summary, general discussion and future perspectives 145

Chapter 12 Samenvatting in het Nederlands 161

Part IV  |  Appendices

Chapter 13 Review committee
List of publications
Acknowledgements 
Curriculum Vitae Auctoris

174
175
177
181



8



General introduction and
Outline of this thesis

Chapter 1



GENERAL INTRODUCTION

10

Stroke

Stroke is the most common cause of transient or permanent disability. In the 
Netherlands alone, 41.000 patients suffer from stroke each year. 1 A stroke can be 
caused by hemorrhage, hemodynamic factors or ischemia of the certain parts of the 
brain. Ischemic stroke (approximately 66% of total amount of strokes) is a condition 
in which a part of the brain is (temporarily) deprived from blood and oxygen, which 
causes neurologic deficits. These deficits range from paresis or paralysis in one or more 
extremities or a part of the face to loss of speech and language skills. The most common 
cause of ischemic stroke is thrombo-embolic. An embolus is dislodged from the heart 
or aorta in the body and transported through the arterial system to the brain. When 
the diameter of the arteries in the brain decreases, the embolus can cause complete 
occlusion in a cerebral artery. With this blockage, cerebral tissue, which depends on 
oxygen and nutrients by the affected artery, becomes ischemic which causes the 
neurological deficits. The range of neurological deficits depends on the region of the 
brain that is affected by ischemia. 
The greater part of emboli has its origin in the heart. Patients with cardiac arrhythmias 
are prone to develop emboli due to clotting of blood due to inadequate contraction 
of the heart. About thirty percent of patients affected by stroke have ipsilateral 
extracranial stenotic carotid lesions. 2 This plaque is mostly situated at the carotid 
bifurcation. When an artery is stenotic, the diameter decreases and blood flow velocity 
through the affected part of the artery increases. These high velocities and the 
concomitant turbulence of flow can cause fragments of the carotid plaque to dislodge 
and become cerebral emboli. These emboli can cause stroke (with permanent 
neurological deficit) or Transient Ischemic Attacks (TIA). There is a strong association 
between TIA and the subsequent occurrence of stroke. About 10-20% of patients who 
suffered a stroke had preceding TIA. Therefore, TIA’s can be seen as a warning and 
gives clinicians some time to search for the cause of the cerebral symptoms and, in 
case of carotid stenotic lesions, perform an endarterectomy in order to prevent further 
emboli from the carotid plaque. 
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Carotid plaque composition

Atherosclerosis is the leading cause of mortality in developed countries. Approximately 
twelve million people die due to myocardial infarction or cerebrovascular accidents 
each year. 3 The exact pathophysiology of progression of plaque and stenosis is still 
unclear. Cardiovascular risk factors have been described to be risk factors for stenosis 
as well and include smoking, family history of cardiovascular disease, diabetes mellitus, 
coronary heart disease and hyperlipidemia. Since the last decade biobanks have been 
set up to evaluate specimens of plaque obtained by carotid endarterectomies (CEA). 
When plaque composition was analyzed, investigators could identify stable and 
unstable plaque phenotypes. 4 These different phenotypes have been proven to have 
different clinical implications. Patients do not become symptomatic from carotid 
lesions due to a gradual increase in luminal narrowing but primarily due to an acute 
disruption of the plaque. This acute disruption leads to exposure of thrombogenic 
components in the bloodstream, which leads to superimposed thrombus formation. 
When the formation of thrombus is suddenly accelerated, emboli or occlusion of the 
affected artery can occur and the patient can become symptomatic. The vulnerable 
plaque is histologically associated with a large lipid core, a thin fibrous cap and 
infiltration of inflammatory cells. Hellings et al described three types of vulnerable 
plaque with a high risk of clinical symptoms; 1) the plaque that is prone to rupture 
due to a large lipid core; 2) plaque with superficial erosion and 3) a plaque with a 
calcified nodule protruding in the arterial lumen. 5 
A more stable plaque phenotype is histologically associated with a small lipid core, a 
thick fibrous cap and no or minor infiltration of macrophages. The plaque phenotype 
is also associated with the initial presentation of patients. 6 Symptomatic patients have 
relatively unstable plaque characteristics compared to asymptomatic patients in which 
the plaque has a more stable phenotype. 5, 7

Imaging

During the first decades of carotid surgery determination of degree of stenosis required 
the performance of conventional angiography. However, angiography has been related 
to angiogram-induced stroke in 1-3% of procedures. 8, 9 In the 1980’s a non-invasive 
but accurate alternative with no need to use intra-arterial contrast agents was found 
in Duplex Ultrasound (DUS), which can be performed without the risk of renal or 
allergic complications. For DUS, the severity of stenosis has been defined using specific 
threshold velocities of the PSV, the end diastolic velocity (EDV), and/or the internal 
carotid artery / common carotid artery (ICA/CCA) PSV ratio. These velocities are 
mainly derived from large trials such as the NASCET en ACST. Most of the world’s 
vascular laboratories use; the (modified) Strandness criteria to grade restenosis after 
CEA. The consensus report of the consensus panel Gray-Scale and DUS criteria for 
diagnosis of ICA stenosis in 2003 indicated that the ICA/CCA PSV ratio and the ICA 
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EDV are useful parameters when the ICA PSV may not be representative of the extent 
of carotid disease because of technical or clinical factors, such as the presence of 
contralateral high-grade stenosis or occlusion, discrepancy between visual assessment 
of the carotid plaque and the ICA PSV, elevated CCA velocity, low cardiac output, or 
hyperdynamic cardiac state. 10 A recent development in DUS is the measurement of 
intima-media thickness (IMT). Carotid IMT measurements might correlate well with 
histology, and increased IMT could be associated with cardiovascular risk factors and 
the presence of more advanced atherosclerosis. 11 Data on IMT is however limited. 
Some authors state that enhancing DUS by administrating contrast during DUS 
Contrast-enhanced ultrasound (CEUS) is another emerging advancement in 
ultrasound technology. While not routinely used, contrast agents can be adjunct to 
DUS and have two potential benefits. First, they can be used to identify 
neovascularization within the adventitial layer of the common carotid artery, which 
precedes the development of increased IMT. 12, 13 Clinical application includes 
management of atherosclerosis at its earliest stage of development. Second, CEUS 
can be used to quantify plaque morphology by identifying intraplaque 
neovascularization. 14 There is a direct correlation between intraplaque 
neovascularization and cardiovascular events (myocardial infarction, TIA, stroke). 12-15

Nowadays, other non-invasive imaging modalities, like Computer Tomography 
Angiography (CTA) or Magnetic Resonance Angiography (MRA) are also widely used. 
These modalities supplement DUS data and are used to provide additional diagnostic 
information on brain perfusion, plaque morphology and intracranial collateralization. 
An additional advantage of CTA and MRA is that computer enhanced images can 
provide a 3D image of the affected arteries, which can be very helpful in preoperative 
planning. 
The analysis of regional cerebral blood flow with Single Photon Emission Computerized 
tomography (SPECT) scans could also be beneficial for clinicians. The SPECT scan 
has the capability of demonstrating ischemic areas not shown by CT scan, and these 
ischemic areas generally correlate with neurologic symptoms. The anatomic condition 
of a carotid artery stenosis does not always correlate with the hemodynamic 
significance of the lesion. Vasodilation, autoregulatory mechanisms and collateral 
circulation all play important roles in the occurrence of neurological symptoms and 
therefore physiological data acquired by SPECT scans could aid in risk assessment 
prior to treatment. A positive SPECT scan is predictive of poor collateral circulation 
and may possibly identify those “at risk,” if they have no symptoms, and those who 
will require shunting during surgery. 16, 17 

Indication for carotid revascularization

In our vascular referral center (University Medical Center Utrecht, The Netherlands), 
patients with recent neurological symptoms and a degree of stenosis of >70% (in 
women) or >50% (in men) are considered for carotid revascularization. A vascular 
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neurologist first examines the patients and neurological symptoms are assessed. A 
duplex ultrasound of both the ipsi- and contralateral carotid- and vertebral arteries is 
performed. We generally perform a CTA or MRA as a secondary imaging modality to 
confirm initial findings at DUS. When a carotid lesion of sufficient extent (>50% or > 
70%, depending on the gender of the patient) is confirmed on imaging and the 
symptoms of the patient relate to the presence of the carotid lesion, patients are 
considered for carotid revascularization. All patients eligible for carotid revascularization 
are discussed in a multidisciplinary cerebrovascular meeting with neurologists, 
interventionalists and vascular surgeons. Since CEA is the gold standard in the 
treatment of stenotic carotid lesions, all patients are initially offered CEA. In some 
cases, e.g. in the case of “hostile necks”, “high-risk” patients, restenosis or young 
patients CAS is considered an option and the option of CAS is discussed with the 
patient. Asymptomatic patients are generally only treated in our center in the context 
of randomized trials. There are some indications, e.g. patients with a symptomatic 
contralateral occlusion and a complete circle of Willis, when carotid revascularization 
in an asymptomatic patient is considered. Carotid revascularization of the 
asymptomatic, contralateral side in these patients can improve cerebral perfusion 
through collateral circulation in the brain and therefore relief symptoms. 

The External Carotid Artery (ECA)

The majority of high-grade carotid atherosclerotic stenotic lesions are located at the 
level of the carotid bifurcation, usually at the distal common carotid artery (CCA) and 
the proximal internal carotid artery (ICA). Frequently the ECA is also involved. The 
ipsilateral ECA can potentially provide an important collateral pathway for retinal and 
cerebral blood flow in the presence of occlusion or severe stenosis of the ICA, especially 
in patients with an incomplete circle of Willis. 18-21 Even in patients with a limited 
collateral supply focal brain regions might strongly depend on the contribution to 
cerebral perfusion of the ipsilateral ECA. 20 In 60% of patients filling of anterior and/
or middle cerebral artery by the ECA collateral pathway in case of an occlusion or 
severe stenosis of the ipsilateral ICA was noted. However, other authors doubt the 
clinical relevance of the ECA blood flow as a collateral pathway of cerebral perfusion. 
22 Progression of disease and limited patency of the ECA due to treatment of a stenotic 
ICA lesion during carotid revascularization could jeopardize collateral blood flow to 
the brain and retina, especially in the case of restenosis in the ICA.
In our institution we perform a standard endarterectomy of the ICA and an additional 
eversion endarterectomy of the ECA during CEA. With eversion endarterectomy of 
the ECA during CEA we aim to increase patency of the ECA by clearing the orifice of 
the artery of atherosclerotic plaque. During CAS the stent is often placed in the ICA, 
extending in the CCA and therefore covering the origin of the ECA. The main focus 
during CAS is on the patency of ICA and the ECA is often ignored. Covering the origin 
of the ECA during CAS could limit the patency of the ECA by pushing part of the 
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stenotic lesion in the origin of the ECA during stent placement. This could be a further 
argument against CAS. 
In contrast to the ICA, evaluation of development of ECA stenosis has been reported 
rarely 23-26. The fate of the ipsilateral ECA following CEA has been investigated with 23 
and without 24 additional endarterectomy of the ECA. Only two (non-randomized) 
studies have been published so far concerning the effect of carotid stent placement 
on the ipsilateral ECA immediately after the procedure and during follow-up 26, 27. 
However, only one of these studies differentiated between overstented en non-
overstented bifurcations. Further studies concerning the fate of the ECA following 
carotid revascularization are needed to increase insight in patency rates and the exact 
contribution of the ECA in cerebral perfusion. 

Treatment of stenotic carotid disease

Carotid endarterectomy
Two large randomized trials (ESCT 28 and NASCET 29) compared Carotid Endarterectomy 
(CEA) with best medical treatment in patients with a symptomatic stenosis of the 
ipsilateral internal carotid artery (ICA). In large randomized cohorts these trials 
showed that in symptomatic patients with an ipsilateral degree of stenosis of the ICA 
≥70%, CEA is superior to best medical treatment. In patients with recent cerebrovascular 
symptoms associated with severe carotid stenosis the risk of recurrent stroke can be 
reduced by more than a half following carotid endarterectomy. 30 In asymptomatic 
patients with high grade carotid lesions there is still benefit from CEA but the number 
needed to treat is considerably higher compared to symptomatic patients with 
comparable lesions, and depends highly on low surgical complication rates. 31, 32 Since 
the results of these trials were published, CEA has been the gold standard in the 
treatment of carotid stenotic disease and prevention of stroke. 
The surgical treatment of stenotic disease of the carotid artery began in 1953 when 
DeBakey performed the first CEA. 33 One year later Eastcott, Pickering and Rob 
resected the carotid bifurcation and anastomosed the common with the ICA. 34 Since 
then, CEA has evolved and techniques and materials further developed to improve 
procedural outcome. There are two widely used techniques to perform CEA; the first 
is the standard endarterectomy and second is eversion endarterectomy. With standard 
CEA, an arteriotomy is made along the length of the common carotid artery extending 
to the internal carotid artery. The intima and plaque are removed in toto by separating 
the intima from the rest of the arterial wall along the length of the arteriotomy. The 
endarterectomy can be closed with a patch to prevent further tapering of the artery 
following surgery (standard procedure in our institution). Closing of the arteriotomy 
with a patch has found to be superior to primary closure and reduces the risk on 
perioperative death or stroke, and long-term risk for ipsilateral ischemic stroke. 35, 36 
During eversion endarterectomy a perpendicular arteriotomy of the common or 
internal carotid artery is performed. The intima is the dissected in and the intima and 
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plaque are removed in toto by everting (folding) the artery and “pulling out” the plaque. 
The ICA is then primarily closed when partially transected or re-anastomosed with 
the common carotid artery when totally transected. Several studies have proven that 
the outcome of both techniques is comparable in restenosis rate and major adverse 
event (myocardial infarction, stroke or death) rates. 37, 38 

Carotid Angioplasty and Stenting
In balloon angioplasty and stenting the atherosclerotic lesion is first dilated with the 
angioplasty and then “secured” through placement of a stent. The radial force of the 
stent ensures that, following angioplasty, the lumen of the treated artery remains 
patent. Carotid Angioplasty and Stenting (CAS) has emerged as an alternative for 
CEA in the treatment of carotid occlusive disease in the late 1970’s and early 1980’s. 
First used for fibromuscular dysplasia and later also for atherosclerotic lesions, CAS 
became more widely used. 39-41 CAS was proposed as a minimally invasive alternative 
to CEA and, due to the endovascular nature of the treatment, could avoid, or minimize, 
common surgical complications like peripheral cranial nerve damage and surgical site 
infections. Length of in-hospital stay and costs could be reduced when patients can 
be treated with a minimally invasive procedure. Another major advantage could be 
that patients who were regarded as “unfit for surgery” (e.g. due to severe 
cardiopulmonary comorbidity, previous neck surgery, high cervical location of the 
carotid bifurcation or previous cervical radiotherapy) could also be treated without 
the additional risk of surgery. The CAVATAS investigators were among the first to 
compare endovascular treatment to CEA in symptomatic patients with high-grade 
carotid lesions. Their group randomized patients for percutaneous carotid balloon 
angioplasty versus CEA. The investigators concluded that endovascular treatment had 
similar major risks and effectiveness at prevention of stroke during 3 years compared 
with carotid surgery. 42 However, in most cases in CAVATAS balloon angioplasty was 
performed without stent placement. Due to the development of stents and the 
evidence of trials concerning the benefit of stent placement following balloon 
angioplasty in other arteries, the need for trials that compared balloon angioplasty 
with stent placement in the carotid artery versus CEA grew. Several large trials have 
been performed since CAVATAS comparing CAS with CEA in symptomatic patients. 
43-46 Pooled data of these trials showed that the any stroke and death rate was 
significantly higher following CAS compared to CEA especially in older patients. 
Bonati et al concluded from pooled data from the EVA-3S, SPACE and ICSS trials that 
stenting for symptomatic carotid stenosis should be avoided in older patients (age 
≥70 years), but might be as safe as endarterectomy in younger patients. 47 Long-term 
data has to be awaited in order to evaluate the safety and efficacy of CAS. Until then, 
CAS has to be reserved for high-risk and young patients in high-volume centers or 
as an option within randomized trials. 
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Restenosis

The benefit of carotid revascularization is hampered by the occurrence of restenosis, 
which is associated with a modestly increased risk for stroke. Recurrent stenosis, or 
restenosis, in its broadest sense implies recurrent narrowing at the site of initial 
intervention for an atheromatous stenosis. Some authors have also included residual 
disease, adjacent (untouched) stenoses and technical defects after surgery in their 
definition of restenosis. The pathophysiology of restenosis is not fully understood but 
a process called remodelling could explain narrowing of the lumen of the treated 
artery. Remodelling is an ambiguous process; two different aspects have been 
described. Positive remodelling is the process of expansion of plaque, which does not 
affect the diameter of the lumen of the affected artery. Plaque extends outwards and 
increases the total diameter of the artery but does not affect the intraluminal diameter. 
Plaques derived from positive remodelling are described as more “vulnerable” due to 
a more inflammatory and proliferative composition and could therefore be more prone 
for plaque rupture with subsequent cerebrovascular symptoms. Negative remodelling 
is defined as a decrease of vessel area with a plaque that expands intraluminal, which 
does not affect the total arterial diameter but decreases the intraluminal diameter. 
Restenosis after CEA is a drawback of the surgical treatment of significant carotid 
artery stenosis. Restenosis can lead to renewed ipsilateral cerebrovascular symptoms 
and thereby limits long-term treatment effect of CEA. Restenosis is defined as 
recurrence of atherosclerotic plaque resulting in diameter reduction greater than 50%. 
Symptomatic recurrent stenosis has been reported to range between 0.6% to 3.6%, 
and asymptomatic restenosis, based on non-invasive studies, from 8.8% to 19%. The 
risk for restenosis is the highest in the first 2 years after surgery. 48 A systematic review 
in 1998 concluded that the risk of developing restenosis after CEA was 10% in the 
first year, 3% in the second year, and only 1% per year thereafter. Early restenosis is 
considered to be a result of intimal hyperplasia and smooth muscle cell proliferation, 
opposed to late restenosis which has been hypothesized to be caused by renewed 
atherosclerotic plaque formation.49 Smoking, age, diabetes mellitus, female sex and a 
history of ipsilateral carotid surgery have previously been reported as clinical risk 
factors for restenosis. 50, 51 
Following CAS higher restenosis rates have been reported compared to CEA. 
Restenosis rates following CAS have been reported as high as 56% within the first 
year of follow-up. 52, 53 Restenosis is about three times more common after endovascular 
treatment than after endarterectomy and is associated with recurrent ipsilateral 
cerebrovascular symptoms; however, the risk of recurrent ipsilateral stroke is low. 54, 55 
Whether these restenosis rates accurately describe an actual decrease in the 
intraluminal diameter is not certain. Stent placement in the carotid artery changes the 
hemodynamics in de stented artery due to increased stiffness of the arterial wall. 
Therefore accurately grading in-stent restenosis with DUS remains challenging. In 
some studies the accepted velocity criteria for native carotid arteries classified 
angiographically normal stented arteries as being stenotic, and this discrepancy 
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persisted into the follow-up period. The question therefore remains whether current 
DUS criteria can be applied to the stented carotid artery. Until a consensus on 
accurately grading restenosis following CAS is reached and duplex measured flow 
velocities are correlated and validated with another radiological modality like CTA or 
MRA in a large cohort, a variety of different criteria throughout different institutions 
will be used. 

General aims of this thesis

To study the fate of the revascularised carotid artery. Different aspects such as 
hemodynamics, plaque composition and the treatment of restenosis in both the 
internal and the external carotid artery were studied. Part I describes various studies 
concerning the internal carotid artery and Part II focuses on the external carotid artery. 

OUTLINE OF THIS THESIS

Elderly patients with an age exceeding 80 years are often excluded from large trials. 
In Chapter 2 we studied whether elderly patient should be withheld from treatment 
due to increased risks on complications. Current literature on carotid revascularization 
in the very elderly was reviewed. The main question addressed in this chapter was 
when an elderly patient is considered for carotid revascularization, what should be 
the treatment of choice and what are the reported complication rates following both 
treatments in the very elderly? 
Current literature and large randomized trials suggest that elderly patients are more 
at risk for major adverse events during endovascular treatment of carotid stenosis 
than during endarterectomy. In Chapter 3 we studied whether plaque composition 
was an explanation for the increased risk on periprocedural stroke during CAS. Carotid 
plaques were quantitatively analyzed for macrophages, smooth muscle cells (SMC) 
and microvessels; and semi-quantitatively analyzed for collagen, calcifications lipid 
cores and intraplaque hemorrhages. Patients were divided in 4 groups by age: <60, 
60-69, 70-79 and ≥80 years. Measures of association between age as a continuous 
variable and histological characteristics were also calculated.
As previously mentioned in this introduction, a drawback of CEA is recurrent stenosis 
and especially the management of recurrent stenotic lesions. In Chapter 4 we 
summarize the different imaging modalities to visualize restenosis and address 
treatment options for recurrent stenosis. 
Hemodynamics in a treated artery changes due to several factors like increased 
stiffness of the arterial wall, changes in postprocedural diameters of the artery and 
changes in distribution of flow. Chapter 5 addresses the question whether 
postprocedural flow velocities differ following CAS and CEA. We aimed to describe 
the natural pattern of changes in duplex measured flow velocities following both CAS 
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and CEA during follow-up. In total, 254 patients (70% male; 129 CAS, 125 CEA) were 
included. Differences in Mean Peak Systolic Velocities (PSVmean) were assessed at 
baseline, 30 days, 12 and 24 months and compared between both procedures. 
Following both treatments, restenosis ≥ 50% was defined as PSVmean >125cm/s. 
CAS is known to have higher restenosis rates compared to CEA. Evidence on the 
optimal treatment of in-stent restenosis (ISR) is limited. In Chapter 6 we describe a 
series of 15 patients with in-stent restenosis who were treated by explantation of the 
stent by carotid endarterectomy. The analysis included 15 patients from three Dutch 
vascular centers who underwent CEA for symptomatic (n = 10) or hemodynamically 
significant (≥80%) asymptomatic ISR (n = 5). Median time between CAS and CEA 
was 18.3 months (range, 0-51 months).
The contribution of the external carotid artery tot cerebral perfusion is still unclear. It 
could provide an important collateral pathway for cerebral perfusion, especially in 
patients with an incomplete circle of Willis or ipsilateral occlusion. The patency of the 
ECA following CAS is described in Chapter 7. We prospectively registered the pre- 
and post-interventional duplex ultrasound data obtained from 312 patients (mean 
age 70 years) who underwent CAS. Duplex ultrasound was scheduled the day before 
CAS, 3 and 12 months post-procedurally and yearly thereafter to study progression 
of obstructive disease in the ipsilateral ECA compared to the contralateral ECA. The 
duplex ultrasound criteria used to identify ECA stenosis ≥ 50% were Peak Systolic 
Velocities of ≥125 cm/s. 
When patients with an occluded ipsilateral ICA are symptomatic, selective 
endarterectomy of the ECA can improve collateral circulation and perfusion of the 
ipsilateral hemisphere. In Chapter 8 we describe a series of twenty-seven patients 
undergoing selective endarterectomy of the ECA. In a single center, twenty-seven 
consecutive patients who underwent selective ECA endarterectomy between 2000-
2010 were retrospectively analyzed. All patients presented with neurological symptoms 
(<6 months of surgery, 78% repeat events) referable to an ipsilateral occlusion of the 
ICA and concomitant stenosis of the ECA. We assessed 1) Perioperative clinical 
outcome <30 days; 2) Mid-term clinical outcome; and 3) Mid-term ECA patency in 
terms of freedom of Duplex Ultrasound-detected ≥50% restenosis.
In Chapter 9 we studied the outcome of standardized eversion endarterectomy of 
the ECA during routine CEA. During all routine CEA procedures, we performed an 
eversion endarterectomy of the proximal ECA and blind endarterectomy of the distal 
ECA. Pre- and postoperative duplex ultrasound (DUS) flow velocities were used to 
grade stenosis in the endarterectomized ECA at baseline, 3 months, 1 and 2 years of 
follow-up. A peak systolic velocity (PSV) of 125cm/s was used as a threshold for a 
stenosis >50%. A total of 660 patients with a follow-up of at least 24 months were 
analyzed in this study. We also performed a subgroup analysis for patients (N=392) 
without a high-grade stenosis at baseline. Restenosis and occlusion rates as well as 
restenosis free survival during follow-up were analyzed. 
Chapter 10 describes an analysis within a randomized study concerning the patency 
and hemodynamics of the ECA following CAS and CEA measured by duplex 
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ultrasound. In total, 224 patients (mean age, 68.8 years; 154 males) were included in 
our study (116 CAS, 108 CEA). Peak systolic velocities (PSV) were assessed with duplex 
ultrasound (DUS) at baseline, at 30 days and at 12 and 24 months after treatment and 
compared between both procedures. Our primary outcome measures were the changes 
in blood flow velocities in the ECA (ΔPSV). The prevalence of occlusion in the 
ipsilateral ECA during follow-up was also studied.
The appendices of this thesis consist a summary of the results of the various studies, 
a general discussion and future perspectives of carotid revascularization. It also 
contains a summary of this thesis in Dutch. 
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Abstract

Background and purpose
Carotid Angioplasty and Stenting (CAS) has emerged as an alternative to Carotid 
Endarterectomy (CEA) in treatment of carotid stenotic disease. With increasing life 
expectancy clinicians are more often confronted with patients of higher age. 
Octogenarians were often excluded from randomized trials comparing CAS to CEA 
because they were considered high-risk for revascularization. Conflicting results on 
the peri-procedural outcome of carotid revascularization in these patients have been 
reported. In order to objectively evaluate whether age above 80 years should be an 
upper limit for indicating carotid revascularization we systematically reviewed the 
currently available literature.  

Methods
Literature was systematically reviewed between January 2000 and June 2010 using 
Pubmed and Embase, to identify all relevant studies concerning CAS and CEA in 
octogenarians. Inclusion criteria were 1) reporting outcome on either CEA or CAS; 
and 2) data subanalysis on treatment outcome by age.  The 30-day Major Adverse 
Event (MAE) rate (disabling stroke, myocardial infarction or death) was extracted as 
well as demographic features of included patients.

Results
After exclusion of 23 articles, 46 studies were included in this review, 18 involving CAS 
and 28 involving CEA.  A total of 2.963 CAS patients and 14.365 CEA patients with 
an age >80 years were reviewed. The MAE rate was 6.9% (range 1.6 - 24.0%) following 
CAS and 4.2% (range 0 – 8.8%) following CEA. 
A separate analysis in this review included the results of one major registry (140.376 
patients) analyzing CEA in octogenarians only reporting on 30-day mortality and not 
on neurological or cardiac adverse events. When these data were included the MAE 
following CEA is 2.4% (range 0 – 8.8%)

Conclusions
MAE rates after CEA in octogenarians are comparable with the results of large 
randomized trials in younger patients. Higher complication rates are described for 
CAS in octogenarians. In general, age >80 years is not an absolute cut off point to 
exclude patients from carotid surgery. In our opinion, CEA should remain the golden 
standard in the treatment of significant carotid artery stenoses, even in the very elderly.
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Introduction

Carotid Angioplasty and Stenting (CAS) has emerged as an alternative to Carotid 
Endarterectomy (CEA) for the treatment of carotid artery stenoses in the prevention 
of stroke 1. Recent results of large randomized trials have shown that CAS however 
has a higher peri-procedural complication rate compared to CEA 2-4. The authors 
concluded that CAS should only be considered in high-risk patients not suitable for 
surgery and that CEA remains the gold standard until long-term results of randomized 
trials can be reported. 
The question remains which patients should be considered as high-risk patients? 
Previous neck surgery, prior neck cancer with radiation therapy, clinical significant 
cardiopulmonary disease or an age above 80 have been exclusion criteria in many 
large carotid trials that were conducted to evaluate the durability of CEA for the 
prevention of stroke 5-9. Age has also been identified as an independent predictor of 
complications in carotid interventions 10-12. Mean life expectancy has steadily increased 
over time, and elderly people have become the fastest growing population segment 
in industrialized countries. Hence, elderly people are typically seen in everyday clinical 
practice and will become an increasingly important group of patients in the future. 
“High-risk” patients were often offered the endovascular alternative to surgical 
treatment because CAS is considered to be a less invasive revascularization option. 
Some authors state that CAS can be performed safely in high-risk patients 13-15, but 
subgroups often are too small to draw any conclusions on the procedural risk of for 
example patients of higher age. Octogenarians however, were excluded from most 
trials evaluating CAS. To date, there has not been a randomized trial comparing CAS 
with CEA in octogenarians. 
In order to answer two specific questions; 1) is carotid revascularization in 
octogenarians safe to perform; and 2) is CAS compared to CEA a safer treatment 
option for octogenarians in terms of perioperative MAE; we systematically reviewed 
current literature on carotid revascularization in octogenarians. 

Methods

Literature was searched to identify all relevant studies on carotid revascularization in 
octogenarians. The search was restricted to papers published between January 2000 
and June 2010. Studies were initially identified from the Medline/Pubmed database, 
EMBASE and the Cochrane database using the search terms “carotid stenosis”, “carotid 
angioplasty”, “carotid stenting”, “carotid revascularization”, “carotid endarterectomy”, 
“octogenarians” and “(very) elderly”.
Studies were included if they reported on octogenarians treated by CAS or CEA. 
Results of major adverse events (MAE) (disabling stroke, myocardial infarction or 
death) had to be described in order to be included. Studies however were excluded 
if: 1) The age of the patient population was <80 years, 2) review articles or letters did 
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not describe rates of major adverse events, 3) articles were written in non-English 
language. The reference list of the included articles was also screened for additional 
studies concerning our subject. Data on 30-day MAE rates as well demographic 
features of the included patients were extracted from the articles and analyzed. 

Results

Search results
Sixty-nine studies were initially identified with our search strategy (figure 1; flow 
chart). Of these 69 initial articles, 10 articles did not meet our inclusion criteria, 2 were 
case reports, 4 articles were written in non-English languages and 4 articles lacked 
description of Major Adverse Event (MAE). Six articles were excluded because there 
was a lack of demographic data on included patients and 7 articles described carotid 
revascularization in a patient population with an average age <80 years. After exclusion 
46 articles met our inclusion criteria (18 CAS and 28 CEA) 16-60.   

Carotid Angioplasty and Stenting in octogenarians
The combined amount of CAS procedures performed in the included articles was 
10.896. Of these procedures 2.837 were performed in octogenarians. Demographic 
features and an outline of included articles are shown in Table 1. 

Figure 1  |  Flow chart of search results
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Forty-nine percent of patients treated by CAS were symptomatic. In two series, a 
significant higher complication rate was observed in symptomatic octogenarians 
compared to asymptomatic octogenarians 21, 24. 
Other series included in this review did not analyze the difference between 
symptomatic and asymptomatic octogenarians. An Embolic Protection Device (EPD) 
was used in 86% of the patients. Usman et al who conducted a meta-analysis on 
carotid revascularization in octogenarians describe a review of 826 patients 19. They 
concluded that octogenarians undergoing CAS have a 3.46-times higher absolute risk 
of stroke than those undergoing CEA, with no significant difference in mortality and 
a trend toward a lower rate of myocardial infarction. The rate of MAE (disabling stroke, 
myocardial infarction or death) varied from 1,6 to 24%. The total number of MAE was 
206 which corresponds to a combined MAE rate of 6,9% in the 2.837 included patients. 

Table 1  | Carotid Angioplasty and Stenting (CAS) study collection and 30-day MAE rates
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Micari 16 2010 198 198 68% 83.2 39% 100% 5 2.5%

Grant 17 2010 418 418 63% 83.2 32% 79% 14 3.3%

Bacharach 18 2010 235 78 72% 83.5 20% 99% 7 9.0%

Usman* 19 2009 826 826 NR 82.2 65% 100% 84 9.9%

Linfante 20 2009 178 24 67% 82.4 71% 100% 2 8.4%

Cremonesi 21 2009 1.523 237 72% NR 24% 88% 5 2.1%

Jackson 22 2008 215 35 53% NR 41% 92% 4 11.4%

Henry 23 2008 930 121 72% 82.0 64% 95% 2 1.6%

Velez 60 2008 816 126 56% 82.9 40% 50% 3 2.7%

Zahn** 24 2007 2.878 321 65% 82.5 61% 68% 18 5.5%

Lam 25 2007 135 37 65% 85.0 100% 99% 4 10.8%

Villalobos 26 2006 75 75 55% 83.1 56% 54% 18 24.0%

Stanziale 27 2006 382 87 83% 83.0 18% 62% 8 9.2%

Setacci 28 2006 1.222 144 75% 82.0 65% 92% 5 3.5%

Longo 29 2005 158 29 74% 82.3 17% 89% 1 3.4%

Hobson 30 2004 749 99 64% NR 30% 100% 12 12.1%

Roubin 31 2001 604 66 67% NR 52% 100% 11 16.0%

Shawl 32 2000 170 42 59% NR 61% 0% 1 2.9%

Total 11.712 2.963 67% 82.9 49% 86% 203 6.9%

* Meta-analysis of CAS vs. CEA in octogenarians. ** All non-fatal strokes and death. MAE: Major Adverse 
Events (disabling stroke, myocardial infarction or death)



PART I  |   THE INTERNAL CAROTID ARTERY

28

These MAE’s were mainly stroke related; myocardial infarction was relatively rare 
following CAS. Zahn et al reported only non-fatal strokes and death and did not 
analyze cardiac complications 24. Their MAE rate of 5,5% is therefore probably 
underestimated. An age > 80 years is as an independent risk factor for peri-procedural 
MAE 25, 27, 31, and thus age over 80 was an exclusion criterium in many carotid trials. 
This policy however was not endorsed by the results of other authors in this review. 
They did not observe significant increases in complication rates of octogenarians 
compared to younger patients. The use of an EPD is essential in the prevention of 
peri-procedural cerebrovascular events according to three authors, because of the 
observed higher event rate compared to unprotected CAS procedures 23, 24, 26.  

Carotid Endarterectomy in octogenarians
Much more data are available on CEA in octogenarians. The included articles and 
their demographic features are outlined in table 2. The by far largest cohort was 
reported by Lichtman et al. who analyzed data of all 140.376 patients older than 80 
years undergoing CEA in the United States during a period of 6 years (1993-1999) 33. 
They collected data on patients from their medical records. Their group reported a 
30-day mortality rate of 2,2% but did not specify the cause of death nor did they report 
on cerebrovascular complication rates. Ninety-three of the total included patients in 
this review are coming from their patient population. If this group is included the 
combined MAE rate would be 2,4%. This however considerably underestimates the 
exact MAE rates because of the lack of figures about neurological and cardiac 
complications. 
When the study of Lichtman is not included, a patient population of 60.060 containing 
14.365 octogenarians remains for analysis. In total 47% of the included patients 
undergoing CEA were symptomatic. The MAE rates in the included articles varied 
between 0-8,3%. The total number of MAE was 606 on a total of 14.365 CEA’s in 
patients older than 80. The combined MAE rate was 4.2%. Two authors describe that 
especially symptomatic octogenarians are more at risk for peri-procedural 
complications compared to asymptomatic patients undergoing CEA 39, 59. 

Discussion

With the increasing life expectancy clinicians are more often confronted with elderly 
patients affected by carotid obstructive disease. It has been estimated that 30-40% of 
strokes in octogenarians are secondary to stenotic or occlusive disease of the carotid 
bifurcation 61. Carotid revascularization in the elderly remains controversial and 
conflicting results on peri-procedural outcome have been reported. Two studies 
however, have shown that, on average, 80% of octogenarians survive at least 4 years 
after endarterectomy and that the vast majority is stroke free at 5 to 10 years follow-
up 58, 62. Norman et al conclude that the likelihood of living long enough to gain benefit 
from a carotid endarterectomy is not jeopardized by being too old 49. Elderly patients 
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Table 2  |  Carotid Endarterectomy (CEA) study collection and 30-day MAE rates
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Lichtman 33 2010 140.376 140.376 NR 83.0 NR 3.088 2.2%

Usman* 19 2009 7.017 7.017 NR 82.7 54% 316 4.5%

Halm 34 2009 9.308 2.198 NR NR NR 106 4.8%

Bremner 35 2008 195 105 62% 83.7 43% 6 5.7%

Ballotta 36 2006 1.260 112 62% 84.2 66% 1 0.9%

Teso 37 2005 14.679 2.379 54% NR 11% 100 4.2%

Pulli 38 2005 1.883 149 70% NR NR 1 0.6%

Miller 39 2005 2.217 360 NR 83.6 59% 15 4.2%

Lau 40 2005 286 33 100% 82.0 51% 3 8.0%

Grego 41 2005 1.733 125 66% NR 50% 1 0.8%

Durward 42 2005 1.800 26 NR 91.3 81% 0 0.0%

Varghese 43 2004 359 33 61% NR 76% 3 8.8%

Hingorani 44 2004 565 299 51% NR 43% 8 2.7%

Ballotta 45 2004 1.150 92 52% 83.7 66% 0 0.0%

Witz 46 2003 360 47 66% 82.0 51% 4 8.3%

Rockman 47 2003 698 161 52% NR 46% 4 2.5%

Pruner 48 2003 3.430 269 62% 82.9 83% 8 3.1%

Norman 49 2003 2.023 151 67% NR NR 4 2.6%

Salameh 50 2002 293 42 NR NR NR 2 4.8%

Ozsvath 52 2002 3.932 125 45% 83.0 50% 3 2.4%

Metz 53 2002 32 32 50% 82.0 100% 1 3.2%

Cartier 54 2002 475 65 51% 82.6 76% 2 2.8%

Saha 51 2002 101 101 NR 86.5 71% 3 3.0%

Ommer 55 2001 2.262 70 63% 82.9 74% 3 4.2%

Lepore 56 2001 366 42 63% 82.8 40% 1 2.4%

Ting 57 2000 656 57 58% 82.0 86% 4 6.8%

Schneider 58 2000 582 88 61% 83.2 75% 1 1.1%

Maxwell 59 2000 2.398 187 47% 83.0 65% 8 4.1%

Total incl. Lichtman et al 200.436 154.741 NR 83.5 47% 3.695 2.4%

Total excl. Lichtman et al 60.060 14.365 NR 83.5 NR 606 4.2%

* 30-day Mortality rates, stroke not analysed, * Meta-analysis of CAS vs. CEA in octogenarians, MAE: 
Major Adverse Events (disabling stroke, myocardial infarction or death)
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with a symptomatic carotid stenosis treated by best medical treatment have the highest 
risk on future cerebrovascular events 63. It might therefore be beneficial to offer any 
carotid revascularization, whether surgical or endovascular, to octogenarians to 
decrease this relatively high risk of  (recurrent) stroke. The result of this systematic 
review shows that octogenarians have an increased risk of major adverse events during 
CAS compared to CEA. A recent meta-analysis concerning carotid revascularization 
in octogenarians showed that the peri-procedural all-stroke rate was significantly 
higher during CAS 19. The absolute risk on stroke was 3.46-times higher compared to 
patients undergoing CEA. There was also a trend towards higher mortality and 
myocardial infarction rates but these results did not reach statistical significance. 
Several other authors like the CREST investigators endorse the conclusion of this 
meta-analysis. After interim analysis of the results of the lead-in phase of the CREST 
trial the inclusion of octogenarians was stopped. Octogenarians showed a 30-day 
stroke/death rate of 12.1% compared to 3.2% in younger patients 30. 
Other authors invalidate inferiority of CAS in octogenarians and showed excellent 
results in their patient populations 16, 18, 20, 28. A recent meta-analysis by Bonati et al. 
containing the pooled data of three recent large randomized trials confirmed the 
significant higher complication rates following CAS in patients > 75 years 64.
The explanation for this increase in major adverse events after CAS compared to CEA 
is poorly defined. Anatomic characteristics might play an important role in the 
occurrence of major adverse events. Octogenarians have an increased incidence of 
complex anatomic risk factors compared to younger patients 25, 65. Lam et al have 
described several of these characteristics. They concluded that octogenarians have 
an increased incidence of unfavorable arch elongation, arch calcification, common 
carotid or innominate artery origin stenosis, common carotid artery tortuosity, and 
internal carotid artery tortuosity. Increased arch calcium content and type II aortic 
arches may be markers of increased potential for embolization during endovascular 
manipulation that transverses the aortic arch 66. The rate of embolic events during 
CAS is considered to decrease when an embolic protection device (EPD) is used but 
preliminary manipulation of interventional devices through a calcified aortic arch 
might already have contributed to cerebral lesions, prior to EPD placement. The 
discussion on the standard use of CPD not closed; also in the light of recent findings 
that new cerebral infarctions were higher in CAS than in CEA, especially in CPD 
assisted CAS 67. Kastrup et al also described the correlation between the incidence 
of new lesions on diffusion–weighted imaging and aortic arch calcification in the 
elderly 68.
Another explanation might be found in plaque characteristics at the target site. 
There are no data available in the current literature reporting on specific carotid 
plaque characteristics in octogenarians, but plaque stability has been reported to 
decrease with age 69. It might be conceivable that the underlying plaque composition 
in octogenarians is more unstable and rupture prone, compared to carotid plaques  
in younger patients, which might contribute to the increased risk for thrombo-
embolic events during CAS, due to plaque disruption initiated by endovascular 
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devices and stents. Our study group is currently conducting a study concerning 
plaque stability in octogenarians compared to younger patients, but results have 
to be awaited. Embolization is not uncommon during CAS. The use of EPD might 
prevent some events but the embolization can occur during each step of the 
procedure. A lot of these micro-emboli occur subclinically but some factors could 
provoke subclinical events and lesions to become clinical. One of these factors is 
cerebral reserve but data concerning the effect of cerebral reserve on outcome of 
carotid revascularization is poorly defined in octogenarians. Chaer et al studied 
cerebral reserve and saw that an age ≥=70 is associated with poor cerebral reserve 
in patients with significant carotid stenosis as measured by Cerebral Blood Flow 
response to an acetazolamide challenge 70. This poor reserve might make older 
patients more sensitive to micro-emboli and therefore explain the higher risk of 
stroke during CAS compared to CEA. 
Interventionalists often attribute higher rates of major adverse events during CAS in 
large randomized trials to the fact that less experienced interventionalists are compared 
to experienced surgeons. Experienced interventionalists are more likely to recognize 
treacherous anatomy and make adjustments to minimize procedural risks than less 
experienced operators. Patient selection and a well considered choice for an either 
surgical or endovascular approach remains a key factor in carotid revascularization. 
Some authors therefore believe that when appropriate patient selection and evaluation 
of their preoperative risk factors is performed equal peri-procedural results can be 
achieved in CAS and CEA in high risk patients 71 So far, however, the data derived in 
this review concluded otherwise.
Whether or not a patient is symptomatic could attribute to the risk of major adverse 
events.  A carotid artery stent registry noted a significant difference in stroke rates in 
symptomatic octogenarians of 7.1% versus 3.9% in younger symptomatic patients. 
This relevant difference was not found in asymptomatic patients (3.4% vs. 2.6%). Other 
authors, including the CREST investigators, did not find an increased peri-procedural 
complication rate between symptomatic and asymptomatic octogenarians 30.
The data obtained in this review show a 30-day MAE rate of 4.2% following CEA in 
octogenarians. This MAE rates are consistent with complication rates of recent large 
randomized trials in non-octogenarians 2-4. It seems a consistent finding that CEA 
can be safely performed in the very elderly with equal complication rates compared 
to a younger population. 

Limitations

This review is limited by the age cut-off point. On purpose, we focused on 
octogenarians (age > 80 years) whereas some authors use an age > 75 years to define 
elderly in their studies. Our main focus was on octogenarians and therefore we had 
to discard and exclude 7 articles from our review.
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Conclusion

Age is not a criterion to withhold patients from surgery. CEA in both symptomatic 
and asymptomatic octogenarians can be performed with comparable and acceptable 
peri-procedural complication rates as in younger patients. Higher complication rates 
in patients older than 80 years occur with CAS.  Therefore, CEA must remain the gold 
standard in the treatment of carotid occlusive disease, also in patients above the age 
of 80.
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Abstract

Background 
Recent randomized trials showed an increased periprocedural risk for stroke with 
increasing age in patients undergoing carotid artery stenting (CAS). Manipulation of 
atherosclerotic plaques during CAS can result in plaque rupture, with subsequent 
superimposed thrombus formation, embolization and cerebrovascular events. We 
hypothesized that atherosclerotic plaques become more unstable with increasing age 
and thereby might provide insight into the age related increased risk of cerebrovascular 
events during CAS.

Methods 
Carotid atherosclerotic plaques were harvested from 1385 consecutive patients 
undergoing CEA between 2002 and 2010. Carotid plaques were quantitatively analyzed 
for macrophages, smooth muscle cells (SMC) and microvessels; and semi-
quantitatively analyzed for collagen, calcifications lipid cores and intraplaque 
hemorrhages. Patients were divided in 4 groups by age: <60, 60-69, 70-79 and ≥80 
years. Measures of association between age as a continuous variable and histological 
characteristics were also calculated. 

Results
Increasing age was associated with a decrease in the amount of SMC’s in the carotid 
plaque. More plaques with large atheroma and heavy plaque calcifications were 
observed among elderly patients. After correction for baseline differences, risk factors 
and medication use, age was independently associated with a more vulnerable carotid 
plaque composition. 

Conclusions
Plaque stability decreases gradually with age. Older patients suffering from carotid 
stenosis have relatively unstable plaques with low SMC content, a high amount of 
large lipid cores and more calcified plaques as compared with younger patients. The 
underlying vulnerable plaque composition in elderly might be an important 
contributing factor to the increased risk of stroke for older patients undergoing CAS. 
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Introduction

Carotid endarterectomy (CEA) reduces the risk of ischemic stroke in patients with a 
recently symptomatic, significant carotid artery stenosis.1 Subgroup analysis revealed 
a high benefit from surgery, particularly for patients older than 75 years, due to the 
relatively high risk for a secondary event and therefore a relatively low number needed 
to treat to prevent one ipsilateral stroke.2 Besides the favorable number needed to 
treat, overall life expectancy is rising, indicating that CEA in the “intellectually intact” 
elderly can be highly beneficial.3  
From observational studies, the periprocedural risk for elderly undergoing carotid 
endarterectomy (CEA) has been reported to be comparable to the risk for younger 
patients.3-5 Nevertheless, subgroup analyses for age in several randomized trials 
revealed that periprocedural risk of stroke, myocardial infarction and death after 
Carotid Artery Stenting (CAS) increases with age.6-9

The occurrence of periprocedural stroke for CAS has been proposed to be closely 
related to plaque manipulation with intra-arterial devices resulting in plaque rupture, 
subsequent superimposed thrombus formation and embolization of plaque debris.10, 

11 Disruption of carotid plaques during manipulation in stenting procedures is more 
likely to occur in so called vulnerable plaques, with large lipid cores and thin fibrous 
caps.12 
Only a few studies have reported on histological carotid plaque characteristics in 
relation to age. Age was found to be associated with a more fibrous plaque type in a 
study from Spagnoli et al. including 180 symptomatic patients.13 Analyses from our 
laboratory previously showed a more atheromatous plaque type in older patients, but 
corrections for symptomatic presentation and cardiovascular risk factors were lacking.14 
Recent data from Redgrave et al. showed increased inflammation in plaques from 
younger patients and presence of larger lipid cores and more calcifications in plaques 
from older patients, but only symptomatic patients were included.15 In addition, the 
very elderly are overall underrepresented in carotid studies and histological assessment 
of carotid plaque composition in these patients has never been described. We 
hypothesized that plaque instability and vulnerability increases with age, which might 
help to understand underlying pathophysiological grounds for the evident increased 
age-related risk for periprocedural events during CAS, as described by recent 
randomized trials. 

Methods

Study Population
Athero-Express is an ongoing Biobank study for carotid atherosclerotic plaques 
harvested during CEA.16 Medical ethics boards of the two participating hospitals 
(University Medical Center Utrecht and St. Antonius Hospital Nieuwegein, the 
Netherlands) approved the study. All participating patients provided written informed 
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consent. Selection for CEA was discussed in a multidisciplinary team and was based 
on international guidelines for symptomatic and asymptomatic carotid stenoses.1, 17 
Baseline characteristics and medication use were gathered preoperatively from 
admission charts and standardized questionnaires. Diabetes Mellitus (DM) was 
defined as use of insulin or oral glucose inhibitors; hypertension was defined as systolic 
tension >130 mmHg or usage of blood pressure lowering drugs. Patients were 
considered as current smokers if they reported to be smoking until the year of CEA. 
Clinical presentation was divided into stroke, transient ischemic attack (TIA) or 
asymptomatic presentation.
To analyze different age groups and analyze a specific subgroup of octogenarians and 
relatively young individuals, all patients were divided into 4 groups with cut-off points 
for age in decades: <60 years, 60-69 years, 70-79 years and ≥80 years. To examine 
measures of association between age and carotid plaque characteristics, also analyses 
with age as a continuous variable were performed. 

Atherosclerotic Plaque Examination
After endarterectomy, the atherosclerotic plaque was directly taken to the laboratory 
and divided into 5mm segments. The segment with the greatest plaque burden was 
subjected to standardized histological examination.18 Macrophages and smooth muscle 
cells (SMCs) were analyzed quantitatively and expressed in positive staining per 
plaque area (CD68 for macrophages and alpha-actin for SMCs).18 Plaque microvessels 
were stained with CD34 and quantified in 3 hotspots per plaque and scored as an 
average amount of vessels per hotspot. The quantitative measurements of macrophages, 
SMCs and microvessels were subjected to logarithmic transformations because they 
were not normally distributed. The variables were referred to a log macrophages, log 
SMCs and log microvessels in the tables, and were reported as original data in the 
text of the results section. Semi-quantitative analyses were performed for collagen 
(Picro-sirius Red (PSR)) and calcifications (hematoxylin and eosin (H&E)). “Moderate 
or heavy” staining was defined as a positive staining along the entire luminal border 
or evident parts within the lesion. Presence and size of lipid cores were assessed 
combining the H&E and PSR staining. A lipid core covering ≥40% of total plaque, 
was used as a cut-off point, based on the reported correlation between lipid core size 
≥40% and rupture prone plaques.19 Presence of intraplaque hemorrhage was defined 
as presence of a fresh or organized hemorrhage inside the plaque. Both intraobserver 
and interobserver reproducibility have been reported previously and were found to 
be excellent (κ 0.6-0.9).18

Statistical analysis
SPSS 17.0 (SPSS Inc, Chicago, Illinois) was used for all statistical analyses. Baseline 
differences between the different age groups were compared with Pearsons Chi-square 
test for proportions, analysis of variance (ANOVA) for means and Kruskal-Wallis for 
medians. Univariate analyses of variance post-hoc tests were used to examine the 
significant differences in plaque characteristics between the 4 age groups. To assess 
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the independent effect of age on plaque composition and to correct for baseline 
differences between groups, linear and logistic regression models were used, where 
appropriate. Baseline differences between groups with a P-value <0.20 were entered 
in multivariable model together with the 4 age groups. The statistical significance of 
differences for histological parameters was expressed in P values and adjusted P values. 
Measures of association between age as a continuous variable and plaque 
characteristics are presented as coefficients (standard error) and odds ratios [95% 
confidence interval], where appropriate. An adjusted P-value <0.05, or a confidence 
interval not including 1 was considered statistically significant.  

Results

Patients
Between March 2002 and April 2010, carotid atherosclerotic plaques were harvested 
during CEA from 1385 patients. The following groups were composed: patients <60 
years (n=262), 60-69 years (n=485), 70-79 years (n=504) and ≥80 years (n=134). Of 
all patients, 14.7%(203/1385) were asymptomatic, 60.9%(844/1385) were TIA patients 
and 24.4%(338/1385) suffered from stroke before CEA. Baseline characteristics are 
provided in Table 1. Older patients were less frequently smokers, had a lower body 
mass index (BMI) and had a lower incidence of coronary and peripheral artery disease. 
Furthermore, prescription of statins and aspirin was lower among elderly, but oral 
anticoagulants were prescribed more frequently instead. No differences were observed 
in the time that elapsed between the last event and surgery. All baseline characteristics 
that were associated with age were added to linear and logistic regression analyses 
for the plaque characteristics. 

Atherosclerotic plaque composition
The observations of all histological parameters for the 4 age groups are summarized 
in table 2 with accompanying P values and adjusted P values. A significant difference 
for the amount of SMCs per plaque area could be observed among different age 
groups. Median SMC for patients aged <60 years was 2.4 [0-20.9], 1.6 [0-15.1] for 
60-69 years, 1.5 [0-17.6] for 70-79 years and 1.2 [0-13.7] for ≥80 years respectively 
(adjusted P<0.001). Post-hoc analyses revealed that the patients <60 years had 
significantly less log SMCs compared with all older age groups. Also a significant 
difference was observed between patients ≥80 years and 60-69 years. For the 
binominal histological variables, significant differences between groups were 
observed for large lipid cores and plaque calcifications. Large lipid cores, covering 
more than 40% of the plaque surface were observed in 21.8%(57/262) of the plaques 
from patients <60 years, 27.2%(132/485) for 60-69 years, 32.7%(165/504) for 70-79 
years and 35.8%(48/134) for patients who were 80 years or older. (Table 2) Heavy 
plaque calcifications were observed in 46.7%(122/261) for age group < 60, 
55.2%(267/484) for 60-69 years, 61.4%(309/503) for 70-79 years and 58.2%(78/134) 
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for patients aged ≥80 years.(Table 2) Every 10-year increase in age was associated 
with an adjusted regression coefficient for SMCs of -0.146 (SE 0.024), and with 
adjusted odds ratios of 1.27 [1.07-1.50] and 1.36 [1.16-1.58] for large lipid cores and 
moderate to heavy plaque calcifications, respectively.(Table 2) No significant 
differences for intraplaque hemorrhage, macrophage content, collagen and 
microvessels between the groups could be observed.
Measures of association between age as a continuous variable and histological 
parameters were comparable to the analyses with age divided into 4 categories (Table 
3). Every year of increase in age was significantly associated with a decrease in log 
SMCs, with a coefficient of -0.011 (standard error 0.002), (adjusted P<0.001). A year 
of increase in age was also associated with an increased risk for lipid cores ≥40%: 
adjusted OR 1.025 [1.008-1.042]; and with an increased risk for heavy plaque 
calcifications: adjusted OR 1.028 [1.012-1.043]. No associations between age and the 
other histological parameters could be observed.

Table 1  | Baseline patient characteristics before carotid endarterectomy

Patient 
characteristics

<60
(n=262)

60-69
(n=485)

70-79
(n=504)

≥80
(n=134)

P-
value

Gender: Male 66.8% (175/262) 71.3% (346/485) 66.3% (335/504) 63.4% (85/134) 0.214

Age, y, mean (±SD) 54.3 (±4.3) 64.8 (±2.9) 74.2 (±2.9) 82.7 (±2.8) NA

Current smoker 54.4% (130/239) 41.6% (185/445) 26.4% (117/443) 7.4%( 8/108) <0.001

Diabetes Mellitus 19.0% (44/232) 23.1% (100/433) 21.7% (91/420) 14.2% (16/113) 0.170

Hypertension 81.8% (193/236) 87.4% (389/445) 88.3% (379/429) 90.2% (101/112) 0.061

BMI (kg/m2),  
mean (±SD)

26.3 (±4.2) 26.7 (±3.9) 26.2 (±3.5) 25.4 (±3.0) 0.023

CAD 16.8% (44/262) 22.9% (111/485) 25.8% (130/504) 15.7% (21/134) 0.009

PAOD 20.5% (50/244) 22.0% (99/451) 20.5% (94/458) 9.1% (11/121) 0.017

Clinical presentation 

Asymptomatic 17.2% (45/262) 16.1% (78/485) 14.3% (72/504) 6.0% (8/134) 0.031

TIA 61.8% (162/262) 61.2% (297/485) 58.5% (295/504) 67.2% (90/134)

Stroke 21.0% (55/262) 22.7% (110/485) 27.2% (137/504) 26.9% (36/134)

Time between event 
and surgery, median 
[IQ range]

48 [20-111] 46 [19-107] 52 [22-102] 47 [15-98] 0.686

Medication

Statins 84.0% (210/250) 79.5% (373/469) 70.1% (333/475) 58.9% (76/129) <0.001

Aspirin 90.4% (226/250) 86.4% (405/469) 80.8% (384/475) 78.3% (101/129) 0.001

Oral anticoagulants 6.8% (17/250) 10.7% (50/469) 16.6% (79/465) 17.1% (22/129) <0.001

Clopidogrel 8.8% (22/250) 10.4% (49/469) 10.3% (49/475) 6.2% (8/129) 0.467

Abbreviations: BMI, body mass Index; CAD, coronary artery disease; PAOD, peripheral arterial 
occlusive disease; TIA, transient ischemic attack
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Discussion

The findings of the current study show that carotid plaque composition changes with 
age, independent of symptomatic presentation, cardiovascular risk factors and 
medication use. To our best knowledge this is the largest carotid plaque study, including 
1385 plaques from consecutive patients undergoing CEA, describing the association 
between age and histological atherosclerotic plaque composition. Carotid plaques 
from elderly patients have relatively unstable carotid plaque characteristics such as 
large lipid cores, decreased SMC content and heavy calcifications. The current study 
shows that the effect of age on carotid plaque stability is rather a gliding scale than 
an exponential change of plaque composition at a certain age point, like 80 years. This 
is in line with results from randomized trials showing that the periprocedural risk for 
CAS increases gradually with age.6 Nevertheless, when plaque composition is 
considered, octogenarians are at the unstable end of the spectrum whereas patients 
< 60 years have markedly stable plaque characteristics. The current study provides 
possible pathophysiological insights into underlying contributing factors for the 
increased periprocedural stroke risk during CAS, for older patients. 
Plaques from older patients contained less SMCs and the highest amount of large 
lipid cores. Differences in SMC content were the highest between patients <60 years 
and older patients, but still SMC content decreased gradually among higher age 
groups. The finding that plaque calcifications and large lipid cores increase gradually 
with age, are in line with recently published results from Redgrave et al.15 Although 
a decrease in overall plaque collagen content could not be observed, it is commonly 

Table 3  | Measures of association between age as a continuous variable and histological carotid plaque 
characteristics

Continuous histological plaque 
characteristics

Coefficient (SE) P 
value

Adjusted 
coefficient (SE)

Adjusted
P value

Log macrophages -0.004 (0.002) 0.106 -0.005 (0.003) 0.095

Log smooth muscle cells -0.012 (0.002) <0.001 -0.011 (0.002) <0.001

Log microvessels (per hotspot) -0.039 (0.021) 0.061 -0.018 (0.025) 0.481

Binominal  histological plaque 
characteristics

Odds ratio [95% CI] P 
value

Adjusted Odds 
ratio [95% CI]

Adjusted
P value

Presence of lipid core ≥40% 1.025 [1.011-1.038] <0.001 1.025 [1.008-1.042] 0.004

Presence of moderate/heavy 
calcifications

1.019 [1.008-1.031] 0.001 1.028 [1.012-1.043] <0.001

Presence of moderate/heavy collagen 0.991 [0.977-1.005] 0.185 0.992 [0.974-1.010] 0.383

Presence of intraplaque hemorrhage 1.006 [0.994-1.017] 0.343 1.003 [0.989-1.019] 0.654

Linear and binary logistic regression models were used for the continuous and binominal variables 
respectively. Adjusted measures of association represent the values corrected for gender, smoking status, 
hypertension, peripheral arterial disease, coronary artery disease, symptomatic presentation, body mass 
index, statin use, anticoagulant use and aspirin use. Abbreviations: SE, standard error; CI, confidence 
interval. 
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accepted that a decline in SMC content is usually accompanied by a decrease in 
synthesis of collagen type I and III, thereby weakening the strength of the fibrous cap 
of the plaque.20 We observed a significant gradual increase in the presence of large 
plaque atheroma with increasing age. If the region between lipid core and the 
atherosclerotic lesion surface is diminished as a result of decrease in SMC content or 
increase in lipid core size, the plaque becomes more susceptible to formation of fissures 
in the fibrous cap; and ultimately plaque rupture.21 If plaque rupture occurs, lipid 
content is exposed to blood flow, triggering superimposed thrombus formation, which 
facilitates embolization and increases the risk of cerebrovascular events. During CAS, 
manipulation of plaques occurs by means of intra-arterial devices such as guide wires, 
balloon dilation and stent placement. Manipulation of unstable plaques with thin 
fibrous caps and large lipid cores is accompanied by an increased risk for plaque 
rupture and thrombus formation. This might be an explanation for the increased 
periprocedural risk for stroke in elderly undergoing CAS. Besides vulnerable plaque 
characteristics, also heavy carotid plaque calcifications have been reported as contra-
indication due to an increased risk for periprocedural stroke and inadequate stent 
expansion.22, 23 This provides an additional ground to be cautious with CAS in elderly, 
who have severe calcified carotid lesions more frequently.
Besides increased risks for embolic stroke during angioplasty and stenting of vulnerable 
lesions, adverse outcome has also been reported during follow-up in an imaging study 
by Kubo et al. Intracoronary stenting of vulnerable, lipid-rich lesions was associated 
with inadequate stent apposition and intracoronary thrombus formation during 
follow-up.24 Lipid-rich plaques are considered to be relatively avascular and contain 
less cells, which is detrimental for cell proliferation and proper strut endothelialization 
after stent placement.25 Stent apposition and suboptimal endothelialization has been 
reported to be associated with late stent thrombosis in coronary arteries.26 Ball et al. 
recently reported a case with embolic stroke 3 years after carotid artery stenting and 
showed that plaque ulceration at the location of uncovered stent struts was co-
localized with thrombus formation.27 This confirms that also after a long term, carotid 
stents can give rise to renewed thrombosis and cerebrovascular symptoms, due to 
suboptimal strut endothelialization and renewed thrombus formation. It can be 
hypothesized that especially elderly are at risk for long term adverse outcome due to 
their lipid-rich carotid plaque phenotype, and therefore high risk of suboptimal stent 
endothelialization, but long term results of CAS groups within randomized trials will 
have to be awaited. 

Limitations

The current study contains certain limitations. At baseline we observed more 
cardiovascular risk factors and medication use among younger patients. This is 
probably due to a certain amount of confounding; patients who require carotid surgery 
at a younger age have most likely been exposed to several risk factors for developing 
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atherosclerotic lesions.15 Because of the design of our “real life” prospective cohort 
study, this confounding factor cannot be excluded. We corrected for all baseline 
differences and medication use in all histological analyses through linear and logistic 
regression models and therefore expect that the effect of age on carotid atherosclerotic 
plaque composition is still evident and reliable, also due to the power and high number 
of patients included in this study.
The cut-off points in decades for the different age groups were chosen to focus on 
octogenarians, who have been reported to have a higher risk during CAS. Post-hoc 
analyses revealed that the differences in SMC content, lipid cores, and plaque 
calcifications between the age groups were the most pronounced between the 
youngest group and the older groups. Nevertheless, the analyses with age as a 
continuous variable showed that per year increase the SMC content significantly 
decreases and the risk of large plaque atheroma and calcifications significantly 
increases. This confirms that plaque destabilization is a gradual process that takes 
place over time and is strongly associated with age. 

Conclusions

Plaque stability decreases gradually with age. Older patients suffering from carotid 
stenosis have relatively unstable plaques with low SMC content and high amount of 
large lipid cores as compared with younger patients. The underlying vulnerable plaque 
composition in elderly might be an important contributing factor to the increased risk 
of stroke for older patients undergoing CAS. 
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Introduction

Carotid Endarterectomy (CEA) is the gold standard in the treatment of carotid 
occlusive disease and prevention of stroke. The surgical treatment of occlusive disease 
of the carotid artery began in 1953 when DeBakey performed the first CEA. One year 
later Eastcott, Pickering and Rob resected the carotid bifurcation and anastomosed 
the common with the internal carotid artery (ICA) (Fig. I). Since then, CEA has evolved 
and techniques and materials further developed to improve procedural outcome. A 
major advance in both diagnostic work up and treatment evaluation was the 
development of duplex ultrasound scanning (DUS). DUS compared favorably to 
arteriography in quantifying degree of stenosis. In absence of related morbidity and 
costs, arteriography was replaced by DUS in preoperative planning in most centers. 
During the late 20th century there was a marked increase in the surgical treatment of 
carotid occlusive disease not merely due to evolving technique but rather to the results 
of large randomized trials in the US and Europe. Both the NASCET (1991) and ECST 
(1991) trial unequivocally showed the benefits of CEA for symptomatic patients with 
a degree of carotid artery stenosis of  >70% compared to best available medical 
treatment (BMT) at that time. ACAS in 1995 showed a benefit for asymptomatic 
patients although gains were more modest. Nowadays CEA is a widely performed 
procedure, in 2003 >140.000 CEAs were performed in the US alone. The risk of major 
adverse events (MAE: any stroke, myocardial infarction or death) has been considered 
acceptable up to approximately 6% in symptomatic  (NNT =6) and 3% in asymptomatic 
patients (NNT = 18). Carotid Angioplasty and Stenting (CAS) initially emerged as an 
alternative for CEA but has proven inferior MAE at 30-day outcome in several large 

Figure 1  |  The first steps in surgical treatment of carotid stenotic disease
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randomized trials compared to CEA. Therefore up till now, CEA will still remain the 
gold standard in the treatment of carotid occlusive disease. 
The benefit of carotid revascularization however is further hampered by the occurrence 
of restenosis, which is associated with a modestly increased risk for stroke. Recurrent 
stenosis after CEA is not uncommon and might contribute to new symptoms. 
Symptomatic recurrent stenosis has been reported to range between 0.6% to 3.6%, 
and asymptomatic restenosis, based on non-invasive studies, from 8.8% to 19%. A 
systematic review in 1998 concluded that the risk of developing restenosis after CEA 
was 10% in the first, 3% in the second and only 1% per year thereafter. The capacity 
of a carotid restenosis to cause a stroke seems to be highly variable, but in general it 
is smaller than that of the primary lesion. The optimal treatment strategy for recurrent 
stenosis, especially when asymptomatic, remains a challenge for clinicians. 

Definition and diagnostics of restenosis

A  |  Definition and location
Recurrent stenosis, or restenosis, in its broadest sense implies recurrent narrowing at 
the site of initial intervention for an atheromatous stenosis. Some authors have also 
included residual disease, adjacent (untouched) stenoses and technical defects after 
surgery in their definition of restenosis. The exact pathophysiology of recurrent disease 
is not fully understood. Narrowing of the lumen of the artery could be explained by 
a process called arterial remodelling (AR). AR of the vessel wall describes the expansion 
or decrease of the vessel area (external elastic membrane or EEM area) at atherosclerotic 
plaque sites. Positive AR (expansion) is defined as an increase in vessel area in response 
to increasing plaque burden. Negative AR is defined as the decrease of vessel area. 
Positive AR may be a characteristic of early, “proliferative” lesions, allowing considerable 
plaque accumulation despite normal luminal size. These accumulating plaques, 
characterized by inflammatory and proliferative processes, may be particularly 
“vulnerable” to rupture leading to cerebrovascular symptoms. On the other hand, the 
fibrotic changes associated with negative remodeling of advanced plaques could lead 
to a reduced risk of plaque rupture and, therefore, plaque stabilization. After exclusion 
of residual lesions (generally defined as a persistent stenotic lesions of <30% at the 
site of the endarterectomy observed on direct postoperative DUS or angiograms), 
restenosis is usually defined as a >50% diameter (75% area) reduction based on DUS 
criteria of a peak systolic  velocity (PSV) >125 cm/s or a PSV ratio of 2.0 (PSV ICA/
Common Carotid Artery (CCA)). A threshold of >50% stenosis (PSV ≥ 125 cm/s) on 
DUS is usually considered as a cut-off for recurrent stenosis. Symptomatic patients 
with a recurrent for stenosis of >70% or asymptomatic patients with a recurrent 
stenosis of >80% may be considered for re-intervention. The site of recurrent stenosis 
is primarily situated at the ends of or within the confines of the original endarterectomy 
site and the suture lines. The recurrence lesion therefore is located either in the ICA 
or the distal CCA or both with a majority (70%) of lesions localized to the origin of 



PART I  |   THE INTERNAL CAROTID ARTERY

52

the ICA. Some regions of the artery wall are exposed simultaneously to low wall shear 
stress a high mechanical stress and these regions correspond to the areas where 
atherosclerotic lesions develop. It makes the carotid bulb a focus for disease because 
of its geometry coupled with pulsatile flow that produces low shear rates, which in 
turn promote atherosclerosis in the sinus region. 

B  |  Important factors in the development and prevention of restenosis
Several factors play a role in the development of recurrent carotid stenosis. Some 
etiological factors obviously can be influenced by the patient and treating physician, 
for example smoking, hypercholesterolemia and hypertension. 
Another contributor to the development of recurrent stenosis might be the applied 
surgical technique, for example the choice whether or not to close the arteriotomy with 
a (venous or prosthetic) patch versus primary closure. The use of a patch has been 
shown to reduce the incidence of recurrent stenosis, especially in women, although 
not all patients benefit from these procedures to the same degree. Selection of patch 
material is also controversial, with supporters for vein patch (saphenous or cervical 
vein), bovine or synthetic materials (polytetrafluoroethylene or Dacron) Proponents 
of vein patch angioplasty claim an increase in luminal size and provision of 
endothelialized tissue to the endarterectomy site. Therefore, it is believed that vein 
patch angioplasty reduces the risk of perioperative stroke and re-recurrent stenosis. 
Others prefer an autogenous vein because of a less thrombogenic luminal surface being 
more resistant to infection. A Cochrane review, comparing different carotid patch types, 
did not provide significant evidence in favor of prosthetic or venous patches. 

Figure 2  |  Venous patch following carotid endarterectomy



53

CHAPTER 4  |   TREATMENT OF RESTENOSIS

4

C  |  Optimal imaging for assessment of carotid restenosis
During the first decades of carotid surgery determination of degree of stenosis required 
the performance of conventional angiography. However, angiography has been related 
to angiogram-induced stroke in 1% of procedures. A non-invasive but accurate 
alternative with no need to use intra-arterial contrast agents was found in DUS, which 
can be performed without the risk of renal or allergic complications. For DUS, the 
severity of stenosis has been defined using specific threshold velocities of the PSV, 
the end diastolic velocity (EDV), and/or the ICA/CCA PSV ratio. These velocities are 
mainly derived from large trials such as the NASCET en ACST. Most of the world’s 
vascular laboratories use the (modified) Strandness criteria to grade restenosis after 
CEA. The consensus report of the consensus panel Gray-Scale and DUS criteria for 
diagnosis of ICA stenosis in 2003 (Table 1) indicated that the ICA/CCA PSV ratio and 
the ICA EDV are useful parameters when the ICA PSV may not be representative of 
the extent of carotid disease because of technical or clinical factors, such as the 
presence of contralateral high-grade stenosis or occlusion, discrepancy between visual 
assessment of the carotid plaque and the ICA PSV, elevated CCA velocity, low cardiac 
output, or hyperdynamic cardiac state. 

These criteria, established for evaluation of primary carotid stenosis, however might 
not be applicable in grading recurrent stenosis because of the changes in the 
hemodynamics of the treated vessel and surrounding tissue due to the intervention. 
Closing the arteriotomy with a patch causes widening of the carotid diameter and 
decreased stiffness of the arterial wall. This phenomenon is known as the dilatation 
or pantaloon effect following CEA. 
Hirschl et al conducted a study using DUS to show if patch angioplasty or direct 
closure of the ICA after CEA resulted in any hemodynamic or pathologic differences. 
This study included 18 patients who underwent carotid patching and 20 patients who 
underwent direct closure, with an average postoperative period of 26 months. Patients 
with carotid patching with broadened lumen at the bulb resulted in statistically 
elevated turbulent flow disturbances with increased flow velocity in the ICA just distal 
to the patch; however, quantitative flow volume measurement did not reveal any 
differences between the two groups. Despite several papers with new and revised 
DUS criteria there is still no consensus on the optimal criteria for grading recurrent 

Table 1  | Gray-Scale and DUS criteria for diagnosis of ICA stenosis

Degree of stenosis Peak Systolic Velocity 
(PSV) cm/s

End Diastolic Velocity 
(EDV) cm/s

Spectral Broadening

Normal < 125 cm/s < 40 cm/s None

1-15% stenosis < 125 cm/s < 40 cm/s Minimal

16-49% stenosis < 125 cm/s < 40 cm/s Marked

50-69% stenosis ≥ 125 cm/s < 140 cm/s Marked

70-99% stenosis ≥ 230 cm/s > 140 cm/s Post-stenotic turbulence
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carotid artery stenosis. It is therefore helpful to combine DUS with an additional 
radiological modality like Magnetic Resonance Imaging (MRI) or Computed 
Tomography (CT) to accurately evaluate the degree of stenosis. Most laboratories use 
DUS to screen patients for post-endarterectomy restenosis and use a second 
radiological modality like MRI or CT to accurately grade the degree of restenosis and 
locate the exact site of the recurrent lesion. 

Treatment options for recurrent carotid artery stenosis

Whether or not recurrent carotid stenosis must be treated or not remains arbitrary. 
Most authors agree that symptomatic restenosis warrants repeated intervention 
because of the risk of subsequent cerebrovascular events. Currently there are no 
reliable prognostic tests to differentiate between which highly stenotic lesions will 
cause a stroke and which will not. Most institutions therefore follow the consensus 
that; 1) symptomatic patients with a recurrent stenosis of > 70%, 2) asymptomatic 
patients with a recurrent stenosis of > 80%, 3) patients with severe four vessel 
disease or 4) patients with a contralateral occlusion can be considered for 
reintervention. Whatever the choice of type of revascularization, justification of 
renewed surgical exploration or endovascular intervention requires that the proposed 
intervention has a low periprocedural risk and provides long-term freedom of further 
cerebrovascular events. 

A  |  Repeat CEA for recurrent carotid stenosis
Repeat CEA in experienced hands can be performed with approximately the same 
complication rates as primary CEA. However, published complication rates for re-do 
surgery vary. In guidelines by the American Heart association a stroke and death rate 
of <6% for symptomatic and <3% for asymptomatic patients have been considered 
acceptable for primary CEA versus a remarkable 10% threshold for re-CEA. A major 
concern during re-do surgery is the feared possibility of injuring adjacent structures 
such as cranial nerves and the internal jugular vein. The mandibular branch of the 
facial, the vagus, glossopharyngeal and hypoglossal nerves are all at risk. The structures 
have the tendency to become adherent to the previous dissection plane and therefore 
can be harder to dissect in re-do surgery. Reported rates of cranial nerve injury during 
re-CEA are 0-7%, however, most of these injuries are transient. These results are 
within ranges suggested for primary carotid surgery. If the site of the restenosis is 
predominantly situated in the distal part of the ICA, obtaining cephalad control can 
be very difficult. Mandibular (sub)luxation or resection of the styloid process might 
be necessary in order to accurately place the clamp distal of the stenotic lesion and 
obtaining cephalad control. If the use of a Javid® shunt is inevitable because of changes 
or asymmetry on cerebral monitoring such as Electro Encephalo Graphy, obtaining 
control of the distal part of the ICA is of key importance. It is important to continue 
the dissection until 1 to 2 centimeters of uninvolved artery are circumferentially 
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mobilized both proximally and distally. In most cases the restenotic plaque can be 
identified and removed in toto through the cleavage plane that was used during 
primary surgery. The neo-intima and atherosclerotic plaque are usually not very 
adherent to the arterial wall. Most authors agree that the arteriotomy during re-do 
surgery should not be closed primarily but a patch plasty should be performed. De 
Borst et al published a series of 73 consecutive procedures in 72 patients in which 
redo CEA was performed. The cumulative freedom from all stroke was 98% and from 
ipsilateral stroke 100% during a follow-up of 5 years. The cumulative freedom of re-
restenosis (≥ 50%) was 85%, with 5 patients needing a tertiary carotid reconstruction.  
Other authors have also published large series with excellent long-term results (stroke 
free survival 83%-100% and restenosis free survival 84%-95% during long-term 
follow-up) (Table 2) and concluded that re-CEA as a treatment for recurrent stenosis 
is a feasible, durable and safe option. 

B  |  Other surgical options for recurrent carotid stenosis
Treiman et al described a series of 57 re-CEAs with concomitant carotid bifurcation 
resection in toto including the stenotic lesion with flow restoral creating an (venous) 
interposition graft in order to restore blood flow. The peri-operative stroke rate was 
3.5% during carotid reconstruction and during a mean follow-up of 35 months the 
graft patency was 93%. In another series 31 interposition grafts, 18 subclavian-carotid 
grafts and 11 carotid-carotid grafts were reported with acceptable peri-operative stroke 
rates. These techniques are generally reserved for secondary or even tertiary recurrence 
of restenosis or cases of near occlusion in patients with severe four-vessel disease. 
These techniques can also be used when the carotid artery is not amenable for re-CEA. 
To summarize, the options for surgical treatment of recurrent carotid stenosis are: 1. 
Re-CEA; 2. Carotid resection with either primary reconstruction or venous or prosthetic 
interposition graft; 3. Subclavian-Carotid bypass; 4; Carotid-Carotid bypass. 

C  |  Endovascular procedures 
Although reoperative CEA is an accepted treatment for recurrent carotid stenosis, 
some have proposed the development of endovascular techniques in the management 
of this condition. As in treatment of lesions in other vascular beds it is currently 
recommended that carotid endovascular procedures use standardized stenting. 
Completion angiography of the extra- and intracranial vessels should always be 
performed to evaluate the result of the procedure and quantify residual stenosis. 
Several studies on carotid angioplasty and stenting (CAS) of recurrent carotid stenosis 
showed excellent 30-day results with stroke rates comparable to rates in surgical 
treatment of primary lesions. However, De Borst et al and AbuRahma et al showed 
that the patency of endovascular procedures for recurrent stenosis during long-term 
follow-up was high, with a cumulative rate of restenosis free survival after four years 
of 76% and 72% respectively. These results show that CAS for carotid restenosis could 
be a feasible, safe and durable option. In-stent restenosis following CAS is however 
an ongoing phenomenon that requires long-term follow-up. 
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D  |  CEA versus CAS
As stated before, there are numerous options in the treatment of recurrent carotid 
stenosis. One of these questions remaining is whether the interval between primary 
CEA and the redo procedure affects outcome? Some authors recommend that lesions 
that require treatment within two years after the primary procedure can be treated 
with CAS, however, due to plaque characteristics, these patients might be susceptible 
to higher complication rates. Open approach might be favorable to an endovascular 
approach in patients with an >2 year interval between the primary treatment and the 
occurrence of (symptomatic) restenosis. An overview of (non-randomized) studies 
comparing CAS to CEA during the last decade is outlined in table 3.  Both procedures 
seem to be feasible and durable options, the exact incidence of secondary recurrence 
or even tertiary recurrence cannot be reported due to scarce data. Arguments in favor 
of endovascular or operative management should be based on the clinician’s 
experience. 

In general, the decision to operate on an asymptomatic patient with a recurrent carotid 
stenosis should be individualized and based on several factors, including the degree 
and rate of progression of the stenosis, the condition of the remainder of the cerebral 
circulation, and the age, gender, and overall medical condition of the patient. A 
randomized clinical trial ultimately will be necessary to determine the role of CAS 
compared with the operative management of post carotid endarterectomy restenosis.

Table 2  | Studies on re-CEA as treatment for recurrent stenosis in current literature during the last 
decade
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2010 Aburahma 192 72 72 3 0 14 1 NS 9 97%

2010 Attigah 79 41 42 5 3 0 7 70 17 100%

2007 De Borst 72 73 39 0 1 1 4 52 14 98%

2007 Jain 80 84 40 0 1 7 4 51 NS 98%

2007 Bettendorf 67 46 44 2 0 4 2 38 14 NS

2005 Stoner 145 153 36 2 0 1 3 53 9 96%

2004 Cho 64 66 50 3 5 6 3 52 9 92%

2001 Artchie 66 69 52 3 0 4 NS 50 13 90%

1999 Rockman 74 82 58 4 0 1 NS 35 5 100%

NS = Not specified
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General conclusions

With the increase in the numbers of CEA procedures performed, clinicians will be 
confronted with recurrent stenosis more often. The optimal treatment of carotid 
restenosis has yet to defined. Both redo surgery and carotid angioplasty with stenting 
for recurrent carotid stenosis have been described separately with excellent results 
but randomized data are not available. 

Table 3  | Studies on CEA vs. CAS as treatment for recurrent stenosis in current literature during last 
decade
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Results are CEA vs. CAS, * p < 0.05, NS = not specified 
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Abstract

Background and Purpose
Different flow velocities have been reported after carotid angioplasty with stenting 
(CAS) than after endarterectomy (CEA). We compared blood flow velocities following 
CAS and CEA in the International Carotid Stenting Study (ICSS; ISRCTN25337470).  

Materials and Methods
In total, 254 patients (70% male; 129 CAS, 125 CEA) were included. Mean Peak Systolic 
Velocities (PSVICA) were assessed at baseline, 30 days, 1 and 2 years. Following both 
treatments, restenosis ≥ 50% was defined as PSVmean >125cm/s. 

Results
CAS and CEA resulted in a similar reduction in PSVICA at one month after treatment. 
Post intervention analysis for each treatment separately, revealed that PSVICA following 
CAS increased significantly during follow-up (30 days - 2 years ; 22.4 cm/s; 95% CI, 
14.3 - 30.5). On the contrary, PSVICA following CEA remained relatively stable during 
follow-up; (4.7 cm/s; 95% CI, -6.5 - 15.9).  When we analysed the increase in PSVICA 
between both treatments after 2 years of follow-up, no significant interprocedural 
difference was observed. The internal carotid artery / common carotid artery (ICA/
CCA) PSV ratio increased after CAS but not after CEA: 1.2 vs. 1.1 (0.04, 95% CI; -0.16 
- 0.25) at 30 days; 1.5 vs. 1.1 (0.39, 95% CI; 0.13 - 0.65) at 1 year; and 1.5 vs. 1.1  (0.36; 
95% CI, 0.08 - 0.63) at 2 years. The rate of apparent ipsilateral ICA restenosis  >50% 
was higher following CAS (Hazard ratio 2.35; 95% CI, 1.35 – 4.09).

Conclusion
Two years after carotid revascularisation, no significant interprocedural difference was 
observed in the increase of PSVICA between CAS and CEA. However, the ICA/CCA 
ratio increased more following CAS resulting in an apparent higher rate of restenosis 
following CAS.
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Introduction

In patients with recently symptomatic stenosis of the Internal Carotid Artery (ICA) ≥ 
70%, Carotid Endarterectomy (CEA) reduces the risk of stroke 1. Percutaneous Carotid 
Angioplasty and Stenting  (CAS) has been proposed as a minimally invasive alternative, 
but was associated with a higher risk of periprocedural stroke or death in several 
randomized trials 2, 3. In addition, data from two randomized trials have suggested that 
the rate of recurrent stenosis, as measured with duplex ultrasound (DUS), is higher 
after CAS than after CEA 4, 5. In both trials, DUS was performed across a wide range 
of centres, with the inherent risk of variability in measurements of flow velocity. In 
the Stent-Protected Angioplasty versus Carotid Endarterectomy (SPACE) study, no 
specific cut-off DUS values for recurrent stenosis of the internal carotid artery were 
used and the rate of stenosis was graded based on haemodynamic parameters that 
were established and evaluated in the local ultrasound labs 4. In the Endarterectomy 
vs. Angioplasty in Patients with Symptomatic Severe Carotid Stenosis (EVA-3S) trial, 
restenosis of 50% to 69% was diagnosed on planimetry, whereas carotid restenosis ≥ 
70% or occlusion was diagnosed when it was present on either planimetry or with 
velocity parameters 5.   In none of these two trials, differences in flow velocities between 
the two treatment arms were compared over time. 
In patients treated with CEA, there is a good agreement between grading the severity 
of carotid stenosis based on the mean peak flow velocity (PSVICA) as measured with 
DUS, and grading with digital subtraction angiography 6. However, it has been 
suggested that the ratio between PSV’s in the ICA and Common Carotid Artery (CCA), 
the ICA/CCA ratio, is superior to the PSV ICA in evaluating the degree of stenosis in 
patients with symptomatic stenosis, and this ratio has been used to quantify restenosis 
during follow-up after CEA 7. For CAS, the level of agreement and specific duplex 
criteria is less clear 8. 
A study of the suggested differential natural pattern of PSVICA following carotid 
revascularization within a randomized patient cohort (CAS vs. CEA) has to our 
knowledge never been performed.  We aimed to compare the natural pattern of 
changes in PSVICA and ICA/CCA ratio after CAS or CEA in a single institution within 
a cohort of patients randomised for the International Carotid Stenting Study (ICSS) 
during a follow-up of two years. In addition, we compared the rates of apparent 
restenosis between CAS and CEA based on current PSV criteria. 

Methods

Patients
All patients in the present study are participants in the International Carotid Stenting 
Study (ICSS; ISRCTN25337470) at the University Medical Center Utrecht, the 
Netherlands, enrolled between September 2003 and October 2008. ICSS is an 
international multicentre randomized controlled, open, clinical trial, comparing the 
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risks, benefits and cost-effectiveness of CAS and CEA in patients with a recently 
symptomatic ICA stenosis ≥50%. Patient criteria, randomization, and the results of an 
interim safety analysis have been described elsewhere 9. Baseline demographic, clinical, 
and carotid imaging data were collected as part of ICSS.  Randomization in ICSS was 
stratified by center with minimization for sex, age, contralateral occlusion, and side 
of the randomized artery. The degree of carotid stenosis was assessed by DUS in all 
patients and confirmed with either CT angiography (CTA) or MR angiography (MRA) 
prior to enrolment. 

Carotid Endarterectomy procedure
A vascular surgeon who had been approved by the Credentials Committee performed 
CEA. Shunts or patches were selectively used as required by the operating surgeon. 
In our vascular center, endarterectomy of the ICA was performed using a longitudinal 
arteriotomy with semiclosed (blind) endarterectomy in the ECA. Premedication 
(aspirin, statin, dipyridamol) was started prior to the procedure at the outpatient clinic 
and continued indefinitely following revascularization.

Carotid Angioplasty and Stenting procedure
A designated interventionalist performed CAS with percutaneous transluminal 
interventional techniques using a femoral access. The type of stent and use of a cerebral 
protection device (CPD) were applied at the discretion of the interventionalist. 
Premedication (combination of aspirin, clopidogrel, and statin) was prescribed at a 
minimum three days prior to stenting to cover the period of stenting and for a 
minimum of 12 weeks afterwards. 

Duplex Ultrasound Scanning
DUS of both the ipsilateral and contralateral carotid artery was performed in a single 
vascular laboratory before randomization and at one month and one and two years 
after treatment (HP/Agilent, Sonos 2500 or 4500, Andover, USA). At each time point 
the ipsilateral and contralateral PSVICA of ICA and CCA (PSVCCA) in all patients were 
recorded. The PSVICA in individual patients was obtained by taking the highest PSV 
during repeated measurements in the vessel, which was analyzed during DUS. PSVICA 
stated in the results and tables reflects the mean value for the entire group on that 
particular time of follow-up. The ICA/CCA ratio reflects the PSV ratio between the 
internal carotid artery and the common carotid artery. The stated ICA/CCA ratio was 
the mean value of the ratios for all patients in each group. The current DUS criteria 
for the ICA used in our vascular laboratory are based on the criteria recommended by 
the American Society of Radiologists: (<50% stenosis  [PSV < 125cm/s); moderate 
stenosis, 50% to 69% [PSV >125-230cm/s], significant stenosis, 70% to 99% [PSV 
>230cm/s] and occlusion) 10. A peak systolic velocity >125cm/s was used as a cut-off 
point for a stenosis ≥50% in both procedures. There is no consensus in accurately 
grading in-stent restenosis and therefore we used this cut-off point to compare the 
natural increase in PSV over time between both procedures. 
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Outcome measures
Our primary outcome measure was the interprocedural change in PSVICA  (stated as 
ΔPSVICA in the results and tables, this reflects the difference in PSVICA between two 
particular times of follow-up) in the ipsilateral ICA following carotid revascularization 
(CAS versus CEA). The increase in PSV in both treatments separately was also 
analysed. Secondary outcome measures were the ICA/CCA ratios at baseline and 
during follow-up and the development of ICA restenosis to a degree of ≥50%, applying 
the same threshold of DUS derived PSV > 125 cm/sec for both CEA and CAS. 

Statistical analysis
We compared differences between treatment groups in the changes in PSVICA and 
ICA/CCA ratio’s with mean differences (MD) with corresponding 95% confidence 
intervals (CI) and performed actuarial survival analysis with Kaplan-Meier life tables 
for the occurrence of ≥50% restenosis. Cox regression analysis was used to calculate 
Hazard Ratios (HR). A p-value of < 0.05 was considered statistically significant for all 
analyses. Statistical analysis was performed with SPSS version 18  (SPSS Inc, Chicago 
Illinois, USA). 

Results 

Patients and follow-up:
A total of 270 patients were enrolled in ICSS at our center, of whom 136 were 
randomized to CAS and 134 to CEA (Figure 1). Sixteen patients were excluded from 
the present study due to the following reasons: incomplete pre-interventional DUS 
(N=3), ICA occlusion prior to revascularization (N=7), death between randomization 
and actual revascularization (N=2), or no intervention performed because of recent 
myocardial infarction (N=4). Therefore, in total 129 CAS and 125 CEA patients 
remained for analysis in the present sub study. There were no significant differences 
in baseline characteristics or presenting symptoms between the two groups except 
for more patients with Amaurosis fugax at presentation in the CAS group (Table 1). 
During follow-up all 254 patients completed follow-up at 30 days. Hundred twenty-
two patients randomized to CAS and 115 randomized to CEA had DUS at one year, 
and 110 vs. 100 at two years. During the period of follow-up, 21 patients had died, 5 
were lost to follow-up, and 18 were unable to reach the hospital for DUS due to severe 
comorbidity. 

Peak systolic velocities
PSVICA in the ipsilateral and contralateral ICA prior to treatment did not differ between 
both groups. CAS and CEA resulted in a similar decrease in the ipsilateral PSV at one 
month after treatment (MD between groups -19.4 cm/s; 95% CI, -63.7 to 25.0); this 
difference in PSVICA between the PSVICA during follow-up and PSVICA pre-procedurally 
(stated as ΔPSVICA in the table) between both procedures remained stable during 
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Figure 1  |  Flow-chart of follow-up

Table 1  | Baseline characteristics

Baseline characteristics CAS CEA

N 129 125

Male (%) 68.8 71.2

Age (range) 68.1 (43.0-83.0) 68.2 (42.0-88.0)

Side treated Right (%) 52.7 55.2

Symptoms at presentation (%) Retinal infarction   3.2   3.2

TIA 39.5 44.8

Amaurosis fugax 33.3 20.8

Ischaemic stroke 24.0 31.2

Ipsilateral degree of stenosis (%) 50-69%   9.6   8.5

70-99% 90.4 91.5

Contralateral degree of stenosis (%) 0-49% 61.2 55.2

50-69% 11.7 16.0

70-99% 18.6 24.8

Occlusion   8.5   4.0

Diabetes Mellitus (%) 20.2 19.2

Treated hypertension (%) 65.9 63.2

Treated hyperlipidaemia (%) 64.3 74.4

Myocardial infarction (%) 14.7 18.4

Atrial Fibrillation (%)   4.7   6.4

Previous CABG (%)   9.3 16.0

(History of) Smoking (%) 84.5 84.8
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follow-up at 1 year (MD 6.2 cm/s; 95% CI -36.5 to 48.9) and 2 years (MD 22.0 cm/s; 
95% CI -22.2 to 66.2) of follow-up (CAS vs. CEA, Table 2).  The lack of significant 
interprocedural difference between both procedures was mainly due to a relatively 
lower PSVICA following CAS at 30 days of follow-up and a higher post procedural 
PSVICA after 2 years.
When we analysed the increase in following each treatment separately, ΔPSVICA 
following CAS increased significantly (MD between 30 days and 2 years; 22.4 cm/s; 
95% CI, 14.3 to 30.5) whereas ΔPSVICA following CEA remained relatively stable over 
time during follow-up (MD between 30 days and 2 years; 4,7 cm/s; 95% CI, -6.5 to 
15.9). Both CAS and CEA had no effect on the PSVICA in the contralateral ICA during 
follow-up.  

Table 2  | Mean PSV ICA ipsi-/contralateral, CAS vs. CEA

PSVICA (cm/s) Ipsilateral side

Rando mi-
zation

N PSVICA (SD) ΔPSVICA Mean 
diff.

95% CI

Pre-intervention CAS 129 367 (175) N/A N/A N/A

CEA 125 352 (180) N/A

30 days follow-up CAS 129 90 (44) -277.6 -19.4 (-63.7 - 25.0)

CEA 125 94 (72) -258.2

1 year follow-up CAS 122 107 (54) -262.0 6.2 (-36.5 - 48.9)

CEA 115 94 (65) -268.2

2 years follow-up CAS 110 112 (56) -270.8 22.0 (-22.2 - 66.2)

CEA 100 94 (72) -292.8

PSVICA (cm/s) Contralateral side

Rando mi-
zation

N PSVICA (SD) ΔPSVICA Mean 
diff.

95% CI

Pre-intervention CAS 129 155 (135) N/A N/A N/A

CEA 125 162 (138) N/A

30 days follow-up CAS 129 139 (126) -15.5 -0.8 (-19.2 - 17.5)

CEA 125 147 (136) -14.6

1 year follow-up CAS 122 136 (125) -21.5 8.4 (-16.1 - 32.8)

CEA 115 135 (110) -29.9

2 years follow-up CAS 110 138 (124) -15.0 11.5 (-17.8 - 40.9)

CEA 100 142 (126) -26.5

ΔPSVICA reflects the difference between PSVICA pre-procedurally and PSVICA at time of follow-up
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ICA/CCA ratios
Ipsilateral and contralateral ICA/CCA ratios at baseline did not differ between the two 
groups. CAS and CEA resulted in a similar decrease in ICA/CCA ratio at 30 days (MD 
between groups, 0.04; 95% CI, -0.16 to 0.25). However, the ratio was significantly 
lower following CEA compared to CAS after 1 year (MD 0.39; 95% CI, 0.13 to 0.65) 
and 2 years (MD 0.36; 95% CI, 0.08 to 0.63) of follow-up. In the contralateral non-
treated artery the ICA/CCA ratio did not change during follow-up (Table 3).

Prevalence of apparent ≥50% restenosis
Kaplan-Meier estimates of the prevalence of apparent recurrent stenosis ≥50% of the 
ipsilateral ICA are shown in figure 2. The prevalence of apparent ≥50% restenosis 
using the same DUS criteria for follow-up after both techniques was higher following 
CAS compared to CEA (HR 2.35; 95% CI, 1.35 – 4.09). When we compared the 
prevalence of stenosis of ≥50% in the contralateral ICA the progression of stenosis 
following CAS and CEA was similar [HR 1.02; 95% CI, 0.69 – 1.52 (figure 3)]. 

Table 3  | ICA/CCA ratios ipsi-/contralateral, CAS vs. CEA 

ICA/CCA ratios Ipsilateral side

Rando mi-
zation

N Mean (SD) Mean 
diff.

95% CI

Pre-intervention CAS 129 5.6 (3.6) -0.03 (-1.05 - 1.00)

CEA 125 5.6 (4.7)

30 days follow-up CAS 129 1.2 (0.8) 0.04 (-0.16 - 0.25)

CEA 124 1.1 (0.8)

1 year follow-up CAS 121 1.5 (1.2) 0.39 (0.13 - 0.65)*

CEA 113 1.1 (0.8)

2 years follow-up CAS 108 1.5 (0.9) 0.36 (0.08 - 0.63)*

CEA 97 1.1 (1.0)

ICA/CCA ratios Contralateral side

Rando mi-
zation

N Mean (SD) Mean 
diff.

95% CI

Pre-intervention CAS 129 2.1 (2.5) -0.04 (-0.64 - 0.57)

CEA 125 2.1 (2.4)

30 days follow-up CAS 129 1.9 (2.2) -0.06 (-0.64 - 0.51)

CEA 120 1.9 (2.4)

1 year follow-up CAS 122 1.9 (2.3) 0.19 (-0.34 - 0.73)

CEA 113 1.8 (1.8)

2 years follow-up CAS 109 1.9 (2.2) 0.10 (-0.50 - 0.69)

CEA 96 1.8 (2.2)

 Mean difference reflects the difference between ICC/CCA ratio pre-procedurally and ICA/CCA ratio 
at time of follow-up. * p<0.01
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Figure 2  |  Kaplan-Meier estimates 
for restenosis of the ipsilateral ICA, 
CAS vs. CEA.  (N = 254) (p=0.012). 
Time schedule:  
30 days - 1 year - 2 years. 
CAS: 1.6% - 22.3% – 32.6%. 
CEA: 0.9% - 8.4% – 17.1%. 

Figure 3  |  Kaplan-Meier estimates 
for stenosis of the contralateral ICA, 
CAS vs. CEA. (N = 253) (p=0.766).
Time schedule: 
30 days - 1 year - 2 years. 
CAS:  29.5% - 31.3% - 35.9% - 41.3%. 
CEA:  29.8% - 30.6% - 34.8% - 39.8%. 



PART I  |   THE INTERNAL CAROTID ARTERY

68

Discussion

This randomised study did not reveal a significant interprocedural difference in 
PSVICA between CAS and CEA at several time points following revascularization. 
The lack of significant inter-procedural difference between both procedures was 
mainly due to a relatively lower PSVICA following CAS at 30 days of follow-up and 
a higher post procedural PSVICA after 2 years. When we analyzed the difference in 
PSVICA for the two treatments individually to analyze progression of restenosis 
following each treatment separately (30 days compared to 2 years), we did observe 
a significant intra-procedural increase in PSVICA following CAS over this timeframe. 
On the other hand, we found no significant increase in PSVICA following CEA 
between 30 days and 2 years. This reflects a larger increase in PSVICA following CAS 
as compared to CEA.
The PSVICA among patients having CEA were initially higher when compared to 
those having CAS suggesting some more arterial narrowing immediately after 
surgery. Then, over the next two years, the peak systolic velocities increased among 
the patients having CAS while there were no changes among those that had CEA. 
This finding suggests some progressive arterial narrowing at the site of the CAS 
during follow-up.
We found a statistically significant increase in ICA/ICC ratios following CAS compared 
with CEA during follow-up. Due to the fact that we could not validate our results with 
conventional angiography and due to the lack of angiographic data during follow-up 
we used the same threshold for rating restenosis in both procedures. Conventional 
angiography for diagnostic- or study purposes only is, to our opinion, not ethical 
anymore, due to the small but non-negligible rate of complications. Because we found 
a relatively low number of patients with restenosis, and these stenosis were often 
mild, we assume the problem of different PSV’s and therefore cutoffs in this cohort 
will be relatively small. Based on the very same DUS thresholds applied for follow up 
after both CAS and CEA, the rate of apparent restenosis in our population was higher 
following CAS.
Several studies have reported long-term follow-up results in which a higher rate of 
restenosis was seen in patients treated by CAS compared with patients treated by 
CEA 4, 11, 12. It has to be noted that most patients in the endovascular arm of the Carotid 
and Vertebral Artery Transluminal Angioplasty Study (CAVATAS) trial had angioplasty 
without stenting and thus might be more susceptible to restenosis. In the Stent-
Protected Angioplasty versus Carotid Endarterectomy (SPACE) trial, the incidence of 
>70% recurrent carotid stenosis at 2 years, as defined by DUS, was significantly higher 
(up to 10.7%) after CAS 4. 
Rates of in-stent restenosis may be overestimated when the conventional ultrasound 
criteria are applied 13. As a consequence, there is still no consensus on DUS grading 
of carotid in-stent restenosis. We could not validate our results with conventional 
angiography due to the lack of angiographic data during follow-up; conventional 
angiography for diagnostic- or study purposes only is not ethical anymore, due to the 
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small but non-negligible rate of complications associated with conventional 
angiography. In previous reports after CAS, the accepted velocity criteria for native 
carotid arteries classified angiographically normal stented arteries as being stenotic, 
and this discrepancy may persist into the follow-up period. Moreover, these studies 
found relatively increased PSV values following CAS in the absence of restenosis, 
suggesting the PSV threshold for detecting in-stent restenosis ≥50% might be higher 
than 125 cm/sec for restenosis detection in the surgically treated carotid 13, 14. It has to 
be noted that all these studies were cross sectional analyses and no natural follow-up 
data were collected concerning the development of PSVICA over time. Furthermore, 
criteria calculated from these data may suffer from verification bias. Verification bias 
is introduced if the decision to perform the reference standard procedure depends on 
the results of the test under investigation, precluding a reliable estimate of the 
diagnostic accuracy of the latter 15. A diagnostic study has started with the aim to 
validate the use of DUS for in-stent stenosis measurements during follow-up after 
CAS and to determine reliable cut-off criteria for the different degrees of stenosis 8.In 
this study all patients will have the every same imaging protocol with DUS and CTA 
during follow-up to prevent validation bias. 
Some authors indicated that DUS should be performed directly after revascularization 
to evaluate peak systolic velocities and diameter of the treated vessel at baseline in 
order to be able to determine a standard for these parameters during follow-up 16. In 
the present study, our primary goal was to compare the natural changes in flow 
velocities following both procedures during follow-up, independent of whether these 
changes represent an apparent restenosis of ≥50%. Therefore, the use of the very same 
DUS velocity criteria following both CAS and CEA was essential to quantify the 
hemodynamic changes in the revascularised segment between both procedures over 
time. Whether CAS indeed more frequently leads to the development of haemodynamic 
relevant restenosis needs to be evaluated in a larger cohort, with confirmation of a 
protocolised reference test such as CTA in all subjects.
As an alternative to the PSVICA, the ICA/CCA ratio may also be used as a measure to 
grade (re)stenosis. Some authors have stated that progressively increasing PSVICA and 
ICA/CCA ratios correlate with evolving restenosis within the stented carotid artery 17. 
We observed significant changes in ICA/CCA ratios following both procedures with 
a decrease from approximately 5.6 to about 1.2 for both procedures after 30 days. 
During further follow-up the ratio increased significantly more following CAS (up to 
1.5) compared with CEA (1.1) after 2 years of follow-up. 
In an analysis on postoperative morphological and hemodynamic conditions following 
carotid revascularization with either CAS or CEA a significant decrease in PSVICA, 
mean peak velocity (Vmean) and end diastolic velocity (EDV) was observed in favour 
of CEA compared with CAS (PSVICA following CAS of 80 ± 25cm/s and 53 ± 17cm/s 
following CEA) 18. Follow-up, however, was limited to 30 days. 
Normal baseline PSVICA values in the non-atherosclerotic ICA were found to be 58 ± 
11cm/s in an average European population 19.  When compared to flow velocities in 
healthy individuals our findings still showed a higher PSVICA post intervention.  
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A possible explanation for this relative post-CEA and post-CAS increase in PSVICA is 
the altered compliance of the arterial wall post-intervention. Placing a stent in the 
arterial lumen compresses plaque against the arterial wall. This may alter the ability 
of the artery to expand and contract and therefore change its overall biomechanical 
properties 20, 21. Consequently, this may cause an increase in flow velocities. The type 
of stent is an independent factor influencing the velocities following carotid stenting. 
Self-expendable stents will steadily increase over time and increase the diameter of 
the carotid artery for up to 3 months 22. When patients are examined 30 days after the 
procedure the carotid artery (and stent) might have not reached their maximum 
expansion yet and therefore flow velocities might not be at their lowest value after 
the intervention. Different stent types do have different physical properties and may 
consequently lead to different PSVICA following stenting even in the absence of any 
residual or in-stent stenosis 23. This difference in stent design could also result in 
different hemodynamic properties and therefore their indirect effect on flow velocities 
and branch patency remains speculative. Our sample size was too small to analyse 
the effects of different stent types. 

Study limitations
A limitation of this study is the relatively limited sample size based on single center 
results. The single center approach using analyses from a single vascular laboratory 
otherwise make our comparison between two different techniques more reliable. Due 
to the lack of well-defined and generally accepted duplex criteria for grading stenosis 
in the ICA in stented arteries, we chose to apply the very same and predefined velocity 
threshold to compare both revascularization procedures. While this cut-off point 
remains arbitrary, by using one and the same cut-off value, in our opinion, it can be 
used to compare the natural pattern and differences in blood flow velocities between 
both procedures. In order to get definitive evidence on ICA hemodynamics following 
carotid revascularization and its clinical long term clinical impact further follow-up 
has to be awaited. Our relatively small sample size impedes any conclusions about 
differences in changes in PSV with different stent types. Data on flow velocities and 
different stent types in ICSS as a whole have to be awaited in order to analyze these 
differences. 

Conclusion
There is no inter-procedural difference in changes of PSVICA between CAS and CEA.
The progression of the PSVICA following CAS seems an on-going phenomenon while 
PSVICA in post-CEA patients remains stable over time. We observed significantly higher 
ICA/CCA ratios following CAS as compared with CEA. These observations indicate 
that the two years rate of apparent restenosis following CAS might be higher compared 
with CEA. Further research concerning accurately grading in-stent restenosis is needed 
to evaluate ongoing hemodynamic changes and its clinical impact in patients treated 
by CAS for stenotic carotid disease. 



71

CHAPTER 5  |   ICA FLOW VELOCITIES CAS VERSUS CEA

5

Sources of Funding

ICSS was funded by the Medical Research Council (and managed by the National 
Institute for Health Research [NIHR] on behalf of the Medical Research Council–NIHR 
partnership), the Stroke Association, Sanofi-Synthe´labo, and the European Union. 
H.B.W’s research is funded by the Dutch National Heart Foundation (grant 2010T075).

Disclosures

M.M.B.’s Chair in Stroke Medicine is supported by the Reta Lila Weston Trust for 
Medical Research. This work was partly done at University College London Hospital 
and University College London, who received a proportion of funding from the 
Department of Health’s National Institute for Health Research Biomedical Research 
Centres funding schemes. 



PART I  |   THE INTERNAL CAROTID ARTERY

72

References

1. Rothwell PM, Eliasziw M, Gutnikov SA, Fox AJ, Taylor DW, Mayberg MR, et al. Analysis of pooled data 
from the randomised controlled trials of endarterectomy for symptomatic carotid stenosis. Lancet. 
2003;361:107-116

2. Mantese VA, Timaran CH, Chiu D, Begg RJ, Brott TG. The carotid revascularization endarterectomy 
versus stenting trial (crest): Stenting versus carotid endarterectomy for carotid disease. Stroke. 
2010;41:S31-34

3. Bonati LH, Dobson J, Algra A, Branchereau A, Chatellier G, Fraedrich G, et al. Short-term outcome 
after stenting versus endarterectomy for symptomatic carotid stenosis: A preplanned meta-analysis of 
individual patient data. Lancet. 2010;376:1062-1073

4. Eckstein HH, Ringleb P, Allenberg JR, Berger J, Fraedrich G, Hacke W, et al. Results of the stent-
protected angioplasty versus carotid endarterectomy (space) study to treat symptomatic stenoses at 2 
years: A multinational, prospective, randomised trial. Lancet Neurol. 2008;7:893-902

5. Arquizan C, Trinquart L, Touboul PJ, Long A, Feasson S, Terriat B, et al. Restenosis is more frequent 
after carotid stenting than after endarterectomy: The eva-3s study. Stroke. 2011;42:1015-1020

6. Jahromi AS, Cina CS, Liu Y, Clase CM. Sensitivity and specificity of color duplex ultrasound 
measurement in the estimation of internal carotid artery stenosis: A systematic review and meta-
analysis. J Vasc Surg. 2005;41:962-972

7. Paivansalo MJ, Siniluoto TM, Tikkakoski TA, Myllyla V, Suramo IJ. Duplex us of the external carotid 
artery. Acta Radiol. 1996;37:41-45

8. Nederkoorn PJ, Brown MM. Optimal cut-off criteria for duplex ultrasound for the diagnosis of 
restenosis in stented carotid arteries: Review and protocol for a diagnostic study. BMC Neurol. 
2009;9:36

9. Ederle J, Dobson J, Featherstone RL, Bonati LH, van der Worp HB, de Borst GJ, et al. Carotid artery 
stenting compared with endarterectomy in patients with symptomatic carotid stenosis (international 
carotid stenting study): An interim analysis of a randomised controlled trial. Lancet. 2010;375:985-997

10. Grant EG, Benson CB, Moneta GL, Alexandrov AV, Baker JD, Bluth EI, et al. Carotid artery stenosis: 
Grayscale and doppler ultrasound diagnosis--society of radiologists in ultrasound consensus 
conference. Ultrasound Q. 2003;19:190-198

11. McCabe DJ, Pereira AC, Clifton A, Bland JM, Brown MM. Restenosis after carotid angioplasty, stenting, 
or endarterectomy in the carotid and vertebral artery transluminal angioplasty study (cavatas). Stroke. 
2005;36:281-286

12. Bonati LH, Ederle J, McCabe DJ, Dobson J, Featherstone RL, Gaines PA, et al. Long-term risk of 
carotid restenosis in patients randomly assigned to endovascular treatment or endarterectomy in 
the carotid and vertebral artery transluminal angioplasty study (cavatas): Long-term follow-up of a 
randomised trial. Lancet Neurol. 2009;8:908-917

13. Lal BK, Hobson RW, 2nd, Tofighi B, Kapadia I, Cuadra S, Jamil Z. Duplex ultrasound velocity criteria 
for the stented carotid artery. J Vasc Surg. 2008;47:63-73

14. AbuRahma AF, Abu-Halimah S, Bensenhaver J, Dean LS, Keiffer T, Emmett M, et al. Optimal carotid 
duplex velocity criteria for defining the severity of carotid in-stent restenosis. J Vasc Surg. 2008;48:589-
594

15. Begg CB, Greenes RA. Assessment of diagnostic tests when disease verification is subject to selection 
bias. Biometrics. 1983;39:207-215

16. Peterson BG, Longo GM, Kibbe MR, Matsumura JS, Blackburn D, Astleford P, et al. Duplex ultrasound 
remains a reliable test even after carotid stenting. Ann Vasc Surg. 2005;19:793-797

17. Kochanowicz J, Turek G, Rutkowski R, Mariak Z, Szydlik P, Lyson T, et al. Normal reference values 
of ratios of blood flow velocities in internal carotid artery to those in common carotid artery using 
doppler sonography. J Clin Ultrasound. 2008

18. Tokunaga K, Sugiu K, Hayase H, Nishida A, Date I. Significant differences in the postoperative 
morphological and hemodynamic conditions of carotid arteries of patients undergoing stenting or 
endarterectomy with patch angioplasty. Neurosurgery. 2009;65:884-888; discussion 888-889

19. Scheel P, Ruge C, Schoning M. Flow velocity and flow volume measurements in the extracranial 
carotid and vertebral arteries in healthy adults: Reference data and the effects of age. Ultrasound Med 
Biol. 2000;26:1261-1266



73

CHAPTER 5  |   ICA FLOW VELOCITIES CAS VERSUS CEA

5

20. Berkefeld J, Martin JB, Theron JG, Zanella FE, Guimaraens L, Treggiari-Venzi MM, et al. Stent impact 
on the geometry of the carotid bifurcation and the course of the internal carotid artery. Neuroradiology. 
2002;44:67-76

21. de Borst GJ, Meijer R, Lo RH, Vosmeer HW, Ackerstaff RG, Moll FL. Effect of carotid angioplasty and 
stenting on duplex velocity measurements in a porcine model. J Endovasc Ther. 2008;15:672-679

22. Pierce DS, Rosero EB, Modrall JG, Adams-Huet B, Valentine RJ, Clagett GP, et al. Open-cell versus 
closed-cell stent design differences in blood flow velocities after carotid stenting. J Vasc Surg. 
2009;49:602-606; discussion 606

23. Spies C, Doshi R, Spoon J, Snell RJ. Carotid artery stent type influences duplex ultrasonography 
derived peak systolic velocity: Findings of an in-vitro model. Catheter Cardiovasc Interv. 2007;70:309-
315



74



Carotid endarterectomy for treatment 
of in-stent restenosis after 

carotid angioplasty and stenting

Part I     The Internal Carotid Artery

Chapter 6

From the Department of Vascular Surgery 1, University Medical Center Utrecht;
Department of Vascular Surgery 2, Erasmus Medical Center Rotterdam; and
Department of Vascular Surgery 3 , St. Antonius Hospital Nieuwegein; The Netherlands

Journal of Vascular Surgery. 2011 Jul;54(1):87-92

Boudewijn L. Reichmann 1

Jorinde H.H. van Laanen 2

Jean-Paul P.M. de Vries 3 
Johanna M. Hendriks 2

Hence J.M. Verhagen 2

Frans L. Moll 1

Gert Jan de Borst 1



PART I  |   THE INTERNAL CAROTID ARTERY

76

Abstract

Objective
Carotid angioplasty and stenting (CAS) has emerged as an alternative for carotid 
endarterectomy (CEA) in the prevention of stroke. The benefit of the procedure, 
however, is hampered by a suggested higher incidence of in-stent restenosis (ISR) for 
CAS relative to CEA during follow-up. ISR management remains a challenge for 
clinicians. In this observational retrospective analysis, we evaluated the operative 
management of ISR by standard CEA with stent removal, including midterm follow-
up in 15 patients.  

Methods
The present analysis included 15 patients from three Dutch vascular centers who 
underwent CEA for symptomatic (n = 10) or hemodynamically significant (≥80%) 
asymptomatic ISR (n = 5). Median time between CAS and CEA was 18.3 months 
(range, 0-51 months).

Results 
Standard CEA with stent removal was performed in all 15 patients. A Javid™ shunt 
was used in two procedures. One patient sustained an intraoperative minor ischemic 
stroke, with complete recovery during the first postoperative days. No neurologic 
complications occurred in the other 14 patients. Two patients required a reoperation 
to evacuate a neck hematoma. There were no peripheral nerve complications. After a 
median follow-up of 21 months (range, 3-100 months), all 15 patients remained 
asymptomatic and without recurrent restenosis (≥50%) on duplex ultrasound imaging. 

Conclusions 
CEA with stent explantation for ISR after CAS seems an effective and durable 
therapeutic option, albeit with potential cerebral and bleeding complications, as in 
this study. The optimal treatment for carotid ISR, however, has yet to be defined.
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Introduction

Carotid angioplasty and stenting (CAS) has emerged as an alternative to carotid 
endarterectomy (CEA) for the treatment of carotid obstructive disease in the prevention 
of stroke. CAS, however, is hampered by a higher risk for periprocedural adverse events 
compared with CEA 1. Moreover, on the longer term, the rate of in-stent restenosis 
(ISR) after CAS is believed to be about three times higher than after CEA, depending 
on the definition used and the duration of follow-up 2,3.
Although ISR after CAS is associated with recurrent ipsilateral cerebrovascular 
symptoms, the risk of recurrent ipsilateral stroke is low 4. Treatment options for ISR, 
such as repeated angioplasty, CEA, and carotid bypass reconstruction, all carry a 
potential periprocedural risk of stroke. In recent years, endovascular and open 
techniques have both been reported with high success rates in treating ISR with low 
complication rates. Reported series are small, however, and the follow-up period is 
usually limited to several months 5-9. Therefore, long-term outcome of ISR treatment 
remains important.
The present study reports 15 patients who developed symptomatic or hemodynamically 
significant asymptomatic ISR during follow-up and were treated by standard CEA 
with stent explantation. To our knowledge, this is the largest series of patients in the 
current literature with surgical management for ISR, including midterm follow-up.

Methods

Study design
Three high-volume tertiary vascular referral centres in the Netherlands participated 
in this study: University Medical Centre Utrecht (UMCU), Erasmus Medical Centre 
(EMC), and St. Antonius Hospital (SAH). All patients treated by a surgical 
reintervention due to symptomatic or hemodynamically significant ISR after CAS 
between January 1996 and December 2009 were selected from our prospectively kept 
database and were analysed retrospectively.

Carotid stent protocol 
Experienced interventional specialists in the three participating centres performed 
CAS using fixed fluoroscopic equipment. After local anaesthesia, percutaneous 
access to the common femoral artery was gained under ultrasound guidance. An 
introduction sheath was placed, and a guiding catheter was positioned in the 
common carotid artery. The use of an embolic protection device was at the discretion 
of the treating physician. Heart rate and blood pressure monitoring were performed 
throughout the procedure and were combined with continuous electrocardiography 
at UMCU and EMC. 
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Predilatation with an angioplasty balloon was performed when deemed necessary. 
Appropriately sized self-expandable or balloon-expandable stents were positioned. 
The operating team, dictated by anatomic considerations, made the choice of stent 
type and placement. After stent deployment, balloon angioplasty was executed at the 
point of residual stenosis by using a percutaneous transluminal angioplasty balloon. 
Angiographic success after CAS was defined as <30% residual stenosis. 
The duration of the procedure and the occurrence of neurologic adverse events during 
the procedure were recorded. An independent vascular neurologist examined all 
patients preoperatively and postoperatively. All patients were taking aspirin (38-100 
mg) at least since the onset of symptoms or diagnosis of a significant stenosis of the 
treated internal carotid artery. This use was continued indefinitely. Clopidogrel was 
started 3 days before the procedure (first dose, 300 mg; thereafter, 75 mg daily). The 
Clopidogrel was continued for up to 30 days in 5 patients (EMC) and up to 90 days 
in 10 patients (SAH and UMCU), this due to different CAS protocols in the separate 
institutions. A heparin bolus (5000 to 10000 IU) was administered during the 
procedure. 

Duplex ultrasound scanning
Duplex ultrasound (DUS) scanning was performed by trained staff at the vascular 
laboratory in each centre. Peak systolic velocity (PSV), end diastolic velocity (EDV), 
and the ratio between PSV of the internal carotid artery and common carotid artery 
(ICA/CCA) were measured. The DUS criteria for grading ISR differed slightly between 
the three centres.  The criterion for ISR >50% was a PSV of 175 to 299 cm/s in all 
centres. The criteria for ISR ≥70% were a PSV of ≥300 cm/s (EMC, SAH) or ≥330 cm/s 
(UMCU) and EDV ≥140 cm/s and a PSV ICA/CCA ratio ≥3.8 10. 

Follow-up and patient selection
Patients had a clinical evaluation and DUS follow-up at 3 and 12 months after CAS 
and yearly thereafter.  DUS imaging was performed outside of regular follow-up in 
case of neurologic events and followed by computed tomography angiography (CTA) 
or digital subtraction angiography (DSA) when deemed necessary. Patients with an 
(a)symptomatic hemodynamically significant ISR ≥70% were evaluated by a 
multidisciplinary cerebrovascular committee featuring vascular surgeons, interventional 
radiologists, neurologists, and clinical neurophysiologists discussing the need for 
reintervention. In asymptomatic patients, significant ISR contralateral occlusion of 
the ICA or severe four-vessel disease with critical cerebral perfusion through the 
stented ICA were indications for reintervention. Each centre consecutively treated 
patients once the indication for reintervention was clear.
The rate of ISR >50% in the participating centres and the alternative treatment options 
being offered for ISR will only briefly be discussed because they do not fit the scope 
of this report. Patient demographics, cardiovascular risk factors, previous neck surgery 
or radiotherapy, and procedural details of CAS and surgical reintervention were 
recorded for all included patients. 
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Carotid endarterectomy
Standard CEA with removal of the stent was performed. The use of antiplatelet 
medication was not stopped before surgery. A vascular neurologist was present during 
the operation. Patients were monitored by electroencephalography (EEG) or 
transcranial Doppler (TCD), or both. If the EEG showed asymmetry or TCD showed 
significant flow reduction in the middle cerebral artery after cross clamping, a JavidTM 
shunt (Bard Peripheral Vascular Inc, Tempe, USA) was placed. 
The carotid bifurcation was identified and mobilization from the CCA to the ICA at 
a level proximal to the stent was performed in order to place clamps proximally and 
distally. Before cross clamping, 5000 IU of heparin was administered. The hypoglossal 
nerve was identified and spared in all cases. No division of digastric muscle or jaw 
luxation was needed to get adequate exposure including cephalad control. An average 
5 cm length arteriotomy was performed over the stent. The length of the arteriotomy 
depended on the length of the implanted stent device (in our population average stent 
length was 40mm). In some cases the arterial wall showed some edema at the site of 
the implanted stent. The stent was removed in toto in all cases, including intimal 
endarterectomy until proximal and distal resection planes were free from atherosclerotic 
debris. The intimal hyperplasia and stent could be removed as one complex, without 
cutting across the stent. A proximal and distal intimal flap was fixated when necessary. 
In all cases, the operating team described intimal hyperplasia, no stent under expansion 
was reported. Standard eversion endarterectomy of the ECA was performed during 
all procedures. The decision for venous or prosthetic patch was left at the surgeon’s 
discretion, not dictated by prior neck surgery or irradiation. Apart from TCD to monitor 
cerebral blood flow during CEA, no perioperative flow assessment or completion 
imaging was performed.

Results

Over 1700 CAS procedures were performed during the study period in the three 
participating institutions. In this cohort about 20% of the patients develop ISR with 
a diameter reduction of >50% (during a mean follow-up of 2 years).  Of these 20% a 
small percentage develop symptomatic ISR, which requires reintervention. Less than 
3% of the patients with ISR were treated by re-PTA. 
In the study period, 15 patients (10 men) with significant ISR were treated by surgical 
intervention. Of these, 10 patients had a symptomatic restenosis, comprising an 
ischemic stroke in 5, repetitive transient ischemic attacks in 4, and amaurosis fugax 
in 1; and 5 patients had asymptomatic hemodynamically significant restenosis with 
(n = 1) or without (n = 4) contralateral occlusion. Initial indications for CAS were 
previous neck surgery (one patient had an ipsilateral carotid-subclavian bypass and 
one patient was treated for esophageal carcinoma by transhiatal oesophagectomy 
with neck anastomosis), cervical radiation therapy  (n=2) or severe cardiopulmonary 
comorbidity (n=5). The other 6 patients were treated by CAS after being enrolled in 
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international trials comparing CAS and CEA (e.g. ICSS trial). 
Implanted stent types were Cristallo Ideale® (n=2; Invatec SPA, Italy), Carotid Wall 
Stent® (n=10; Boston Scientific, Natick, MA, USA), Palmaz® stents (n=1; Cordis 
Corporation, Miami Lakes, Florida, USA), Precise® stents (n=1; Cordis Corporation, 
Miami Lakes, Florida, USA) and Acculink® (n=1; Abbott, Abbott Park Illinois, USA). 
Predominantly non-tapered stents were placed, diameter was 6 mm (n=12), in case 
of tapered stents diameters of 6-8 mm (n=1) or 6-9 mm (n=2) were used. Post-
dilatation during the initial CAS procedure was performed in 93% of the CAS 
procedures. On pre-operative imaging the restenotic lesions in stented carotid arteries 
were distributed between stenosis in the mid- to distal ICA (n=4), mid-stent stenosis 
at the location of the carotid bulb (n=9) and stenosis located at the CCA (n=2). In 
none of the patients a preoperative occlusion of the ECA was described on duplex or 
CTA imaging.
The average age at the time of the surgical procedure was 64.5 years. Baseline 
characteristics and an outline of cardiovascular risk factors of all patients are reported 
in Table 1. 
The average interval between CAS and surgical intervention was 18.3 months (range, 
0-51 months). One patient was operated on the same day of his CAS procedure 
because of lumen narrowing and observed protrusion of plaque through the stent 
struts during CAS. 
In all patients a standard CEA was performed under general anesthesia. No additional 
procedures (e.g., jaw luxation) were needed to get adequate exposure. In 14 of 15 
patients, the stent was positioned both in the CCA and ICA, covering the orifice of 
the external carotid artery. One stent was placed selectively in the ICA. The median 
stent length used was 40 mm. The CCA was clamped proximal to the stent (Figure 1). 
Obtaining cephalad control of the ICA could in our experience be performed as in 
primary CEA surgery. Because most of the stents were placed over the carotid 
bifurcation clamping the CCA and distal part of the ICA was not hampered by the 

Table 1  | Baseline characteristics of included patient

Baseline characteristics N %

Included patients (N) 15

Sex (N) Male 10 67%

Mean age in years  (range) 64.5 (55-79)

Diabetes Mellitus 3 20%

Treated hypertension 13 87%

Treated hypercholesterolemia 14 93%

History of cardiac symptoms 7 47%

(History of) Smoking 13 87%

Previous ipsilateral neck surgery 2 13%

Previous ipsilateral neck radiation 2 13%
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presence of a stent. However, theoretically, in case of selective ICA stenting, or with 
the use of longer length stents, it might be more difficult to obtain cephalad control. 
The average length of the arteriotomy was 5 cm; there was no need to cut across the 
stent. Kunlin stitches were used in order to prevent dissection of the arterial wall distal 
to the site of the stent. Standard eversion endarterectomy of the ECA was performed 
during all procedures 
The EEG was used in 12 of 15 procedures, and a Javid™ shunt was used in 2 patients 
because of asymmetry on EEG after cross-clamping. There were no additional 
difficulties during the dissection phase; the stent and carotid plaque in all cases could 
be completely removed as one single complex. Some edema of the arterial wall was 
seen at the site of the stent but this did not hamper performing the endarterectomy. 
There were no signs of manifest periarterial inflammation at the carotid bifurcation. 
Primary closure of the arteriotomy was performed in 2 patients, and 13 arteriotomies 
were closed with a venous or prosthetic patch (Figure 2). No additional reconstructions 
or bypasses were needed. The average operating time was 161 minutes (range 90-260 
minutes), which is comparable to the operating time in redo CEA procedures in the 
contributing hospitals.
One patient sustained an ischemic stroke directly after the procedure. During the 
operation of this patient no intra-operative hypotension or excessive blood loss was 
seen. There were fluctuations in the TCD signal but no emboli were observed. The 
patient suffered from aphasia and symptoms of impaired strength in the left leg 
directly following the procedure. A control TCD was performed but there were no 
anomalies seen in the blood flow in the medial cerebral artery. The neurological 

Figure 1  |  Stent in situ during endarterectomy
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symptoms recovered completely in 24 hours.  A CT-scan postoperatively showed no 
new ischemic brain lesions. The exact pathophysiology of this peri-operative stroke 
remained unclear. Two patients had to be re-operated because of rebleeding resulting 
in large post-operational neck hematoma. These two patients underwent CEA at 25 
and 90 days after CAS. Both patients were on maximum dual antiplatelet therapy, 
which was not stopped peri - operatively.
During a mean follow-up of 21 months (range, 3-100 months), no adverse neurologic 
events were reported, all patients remained asymptomatic, and no reinterventions 
were required. During follow-up, none of the patients developed recurrent restenosis 
of  >50% on DUS imaging.

Discussion

Hemodynamically significant ISR after CAS requiring reintervention is infrequent but 
clinically challenging. In our series, the results of CEA with stent explantation are 
good, with a periprocedural complication rate that conforms to the literature. The two 
patients who required a reoperation because of neck hematoma had surgical 
intervention ≤90 days after CAS and used both aspirin and Clopidogrel at the time of 
CEA, which might explain the hematoma. On midterm follow-up, no recurrent 
stenosis or adverse neurologic events were observed after surgical reintervention for 
ISR after CAS. 
Ultrasound imaging is the most commonly used technique to monitor carotid artery 
stenosis after treatment. However, ultrasound velocity criteria for patients after CAS 
are not well established. The enhanced stiffness of the stent-arterial wall complex is 
thought to render the flow-pressure relation of the carotid artery closer to that 
observed in a rigid tube 11. The energy normally applied to dilate the artery might result 
in increased velocity. Other studies have addressed this hypothesis 12-15. Higher grades 

Figure 2  |  Closure of arteriotomy following carotid endarterectomy



83

CHAPTER 6  |   CEA FOR IN-STENT RESTENOSIS

6

of carotid artery restenosis are estimated in a stented artery when velocity criteria for 
native arteries are applied. Despite being based on small patient series, several authors 
have proposed revised velocity criteria for grading ISR 10, 16. The criteria for grading ISR 
as proposed in recent literature were followed in the vascular laboratories in the 
participating centers. When ultrasound imaging showed hemodynamically significant 
ISR, CTA or DSA were performed to re-evaluate the grade of stenosis and confirm 
stent position to plan surgical reintervention.
The long-term results of CAS, especially restenosis development and late stroke 
occurrence, have not been well documented. In the Carotid and Vertebral Artery 
Transluminal Angioplasty Study (CAVATAS), restenosis of ≥70% was more common 
after endovascular treatment compared with the surgical approach.4 An important 
consideration is that most of the patients in their trial had balloon angioplasty alone, 
without stent placement. Comparison between balloon angioplasty and CAS shows 
a lower restenosis rate in patients treated with CAS. A more recent trial showed a rate 
of severe stenosis or occlusion of 11% after CAS and 5% after CEA after 2 years of 
follow-up 17. Also in our own experience, the rate of restenosis after CAS is considerably 
higher when compared with restenosis after primary CEA, and this seems especially 
so in patients with CAS for restenosis after prior CEA 2, 3.
A number of risk factors contribute to the occurrence of ISR, such as prior stroke, 
transient ischemic attack, amaurosis fugax, and especially, prior neck cancer with neck 
radiation 18. Other studies have suggested predictors of ISR are advanced age, female 
gender, implantation of multiple stents, prior revascularization therapy, residual 
stenosis, elevated post procedural serum levels of acute-phase reactants, and the use 
of balloon-expandable stents 19-21. New and improved techniques in endovascular 
treatment as well as evolution in stent design might reduce neointimal hyperplasia 
and therefore the degree of ISR in the future 22.
An asymptomatic single vessel carotid stenosis is generally not treated in the 
Netherlands, nor is an asymptomatic ISR following CAS for initial symptomatic carotid 
artery disease. The natural risk of becoming symptomatic of such an asymptomatic 
single lesion is considered very low, thereby not having the patient exposed to the 
associated procedural risk of the intervention. In the three participating centers, 
considering the indications for re-intervention in asymptomatic patients, the decision 
for re-intervention was based on consensus within a multidisciplinary cerebrovascular 
committee. In asymptomatic significant stenosis of the ICA with contralateral occlusion 
of the ICA, cerebral perfusion is mostly depended on the stenotic ICA and partly on 
the vertebral arteries in case of an uninterrupted Circle of Willis. Four-vessel disease 
refers to atherosclerosis of both ICA and vertebral arteries. Progressive stenosis or 
occlusion of one of these vessels might seriously further compromise cerebral blood 
flow, hence the indication for revascularization of the ICA.
Treatment of ISR remains a challenge, and the optimal treatment remains unclear. 
Several techniques have been described. A total of 35 cases with any form of surgery 
for ISR have been reported 9. King et al 23 published a case report and literature review 
and concluded that surgical management of ISR is a safe option. The largest series 
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described is by Raithel et al 24, who performed a standard CEA with patch plasty (n = 
6) or a polytetrafluoroethylene interposition graft (n = 2). No morbidity or mortality 
was reported in their series. 
One of the main challenges for the vascular surgeon is dissecting in scarred tissue 
and identifying the right cleavage plane for performing the endarterectomy. King et 
al 23 described that in approximately 50% of the reported cases, difficulties in the 
dissection occurred because of periarterial inflammation at the carotid bifurcation. 
Balloon angioplasty and stent implantation apply a transient strain to the vessel wall 
that activates smooth muscle cells and modulates a proliferative and inflammatory 
phase of vessel repair 25-27. The inflammatory reaction within the stented artery might 
cause the stent to become adherent to the arterial wall, thus making stent removal 
difficult. This periarterial inflammation and adhesion of the stent to the arterial wall 
was the reason that some surgeons chose to perform a transposition of the internal 
to the external carotid artery or to do bypass surgery instead of CEA to avoid a 
dissection in the inflamed area 28, 29. The interval between CAS and surgery might 
influence the severity of this vessel wall inflammatory reaction and therefore influence 
the choice of the type of surgical revascularization. Another major surgical challenge 
is to remove the distal part of the stent because this is usually placed in a nondiseased 
part of the ICA, potentially resulting in a locally very fragile arterial structure. 
We did not encounter severe periarterial inflammation limiting the surgical approach 
of the carotid bifurcation in our series of 15 patients. This might be due to the mean 
interval of 18.3 months between CAS and the surgical intervention. Routine CEA 
could be performed without the need for additional reconstructions. There was no 
difficulty identifying the dissection plane, and all stents and underlying atherosclerotic 
plaque could be completely removed without severe problems. 
Although we present the largest series of surgically treated significant ISR, the number 
of patients remains low. From our experience, however, patients with an indication 
for treatment of ISR could be safely scheduled for a standardized CEA with stent 
removal.
Our series also describes the longest follow-up duration after surgical ISR treatment. 
During a mean follow-up period of 21 months, no adverse neurologic events were 
reported and no recurrent restenosis of >50% was measured; however, we cannot 
report long-term results yet.
Other limitations of this study are that we did not analyze data of all CAS procedures 
performed between 1996 and 2009 in detail and determined all ISR. For the scope of 
this report, we decided to only describe surgically treated ISR. Patients with ISR after 
CAS were treated in three different centers by different multidisciplinary teams; 
therefore, results may not be fully comparable. However, we believe that this study 
shows good results of common practice in treating ISR in large vascular centers.
Current consensus is that CEA remains the gold standard as the primary treatment 
in carotid occlusive disease. CAS could provide clinicians with an alternative in specific 
groups of patients, especially patients with a high perioperative risk. The observed 
higher incidence of recurrent restenosis after CAS compared with CEA is one of the 
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disadvantages of this treatment, thereby possibly limiting the long-term benefit in 
stroke prevention. Although the number of CAS procedures worldwide has declined 
since the International Carotid Stenting Study (ICSS) and Carotid Revascularization 
Endarterectomy vs. Stent Trial (CREST) reports 1,30, clinicians will be confronted with 
severe ISR needing revascularization in the upcoming years. The optimal treatment 
strategy for ISR is still not clear, but standardized CEA with stent removal seems an 
acceptable alternative.

Conclusions

CEA seems a feasible option for treating ISR after CAS and provides a durable solution 
for recurrent cerebrovascular adverse events and recurrent restenosis. The choice of 
treatment for ISR remains arbitrary, but surgeons may consider CEA as an acceptable 
and durable alternative to endovascular reintervention when revascularization is 
indicated. 
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Abstract

Background
To evaluate the long-term effect of carotid angioplasty and stenting (CAS) of the 
internal carotid artery (ICA) on the ipsilateral external carotid artery (ECA).

Methods
We prospectively registered the pre- and post-interventional duplex scans obtained 
from 312 patients (mean age 70 years) who underwent CAS. Duplex scans were 
scheduled the day before CAS, 3 and 12 months post-procedurally and yearly 
thereafter, to study progression of obstructive disease in the ipsilateral ECA compared 
to the contralateral ECA. The duplex ultrasound criteria used to identify ECA stenosis 
≥ 50% were Peak Systolic Velocities of ≥125 cm/s. 

Results
Preprocedural evaluation of the ipsilateral ECA demonstrated ≥ 50% stenosis in 32.7% 
of cases vs. 30% contralateral. Both ipsilateral and contralateral 3 (1%) ECA occlusions 
were noted. After stenting 5 (1.8%) occlusions were seen vs 1% contralateral. No 
additional ipsilateral occlusions and 2 additional contralateral occlusions were noted 
at extended follow-up. The prevalence of ≥ 50% stenosis of the ipsilateral ECA 
(Kaplan-Meier estimates) progressed from 49.1% at 3, to 56.4%, 64.7%, 78.2%, 72.3%, 
and 74% at 12, 24, 36, 48, and 60 months respectively. Contralateral prevalences were 
31.3%, 37.7%, 41.7%, 43.1%, 46.0%, and 47.2% respectively (p < 0.001). Progression 
of stenosis was more pronounced in 234 patients (75%) with overstenting of the 
carotid bifurcation (p = 0.004).  

Conclusions
Our results show that significant progression of ≥ 50% stenosis in the ipsilateral ECA 
occurs after CAS. There was greater progression of disease in the ipsilateral compared 
with the contralateral ECA. Progression of disease in the ECA did not lead to the 
occurrence of occlusion during follow up. 
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Introduction

Carotid Angioplasty and Stenting (CAS) has emerged as an alternative to carotid 
endarterectomy (CEA) in treatment of carotid artery occlusive disease 1. Despite 
promising early results, recurrent stenosis and its management are reported 
disadvantages of the method. Another possible disadvantage of CAS might be the 
covering of the external carotid artery (ECA) orifice. This might be a further argument 
against carotid stenting.
Most high-grade arteriosclerotic lesions are located at the carotid bifurcation, usually 
at the distal common carotid artery (CCA) and the proximal internal carotid artery 
(ICA), and frequently the ECA is also involved. In many cases stents are placed from 
the ICA, extending into the CCA thereby covering the ECA origin. 
The ipsilateral ECA can potentially provide an important collateral pathway for retinal 
and cerebral blood flow in the presence of occlusion or severe stenosis of the ICA, 
especially in patients with an incomplete circle of Willis. In contrast to the ICA, 
evaluations of development of ECA stenosis have been rarely described 2-4. The fate 
of the ipsilateral ECA has been investigated with 2  and without 3 additional external 
endarterectomy. A comparison of the development of obstructive disease between 
the ipsilateral ECA and the contralateral ECA after CEA has, to our knowledge, never 
been performed. In most studies on ECA patency, duplex-scan-based flow criteria 
were used to grade ECA stenosis 2-5. 
As far as we know, only one study has been published so far with data concerning 
the effect of carotid stent placement on the ipsilateral ECA immediately after the 
procedure and during a limited 2 years of follow-up 5. Furthermore, this study did not 
differentiate between overstented en non-overstented bifurcations.
Therefore, in the present study the following four questions were addressed: 1) What 
is the prevalence of primary stenosis and occlusion of the ipsilateral and contralateral 
ECA before carotid stent placement? 2) Is there further development of obstructive 
disease in the ipsilateral ECA immediately after stenting and during follow-up 
compared with the contralateral side? 3) Is there a difference in the development of 
ECA stenosis between overstented and non-overstented bifurcations? 4) Is there a  
relationship between development of ECA stenosis and development of in-stent 
restenosis? 
To answer these questions, we performed a follow up study with annual duplex US 
of both the ipsi- and contralateral carotid arteries, in patients treated with CAS.

Methods

Patients
Between December 1998 and 2002 all patients scheduled for CAS in our institution 
were prospectively entered in a computerized database. Patients had their CAS 
performed for either primary carotid bifurcation stenosis or restenosis after previous 
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CEA. Patients with preceding contralateral CAS were excluded from this study, as 
were patients in which no stent was placed during the procedure. A total of 312 
patients were included in this study. Median age was 70 years (range 47-89), 221 
(70.6%) were male. In 173 patients (55.4%) the left carotid artery was treated. The 
study was approved by the local ethics committee, and written informed consent was 
obtained from all patients in accordance with institutional guidelines. 
Seventy (22.4%) had been symptomatic of the ipsilateral carotid artery stenosis 
(Transient Ischemic Attack, Transient Monocular Blindness or minor stroke) in the 4 
months preceding CAS. In 242 patients (77.6%) CAS was performed in the work-up 
before coronary artery bypass grafting (CABG), or other cardiothoracic reconstructive 
surgery. These patients were treated to prevent perioperative complications and most 
had not been symptomatic of the ipsilateral carotid bifurcation stenosis. 
The degree of stenosis was assessed by duplex ultrasound scanning and intra-arterial 
digital subtraction angiography prior to endovascular treatment. Symptomatic patients 
were treated if the degree of stenosis at the carotid bifurcation exceeded 70%, according 
to the North American Symptomatic Carotid Endarterectomy Trial (NASCET) criteria 

6. For asymptomatic patients the cut-off point for treatment was a diameter reduction 
of 80%. Preoperative and postoperative carotid artery duplex examination that 
specifically evaluated the degree of ECA stenosis were available for review on all 312 
CAS procedures performed during this period. Patients were monitored at the recovery 
room and, barring any complication, discharged the following day.

Carotid angioplasty and stenting procedure
In all patients CAS was performed in accordance with our previously described CAS 
protocol 7,8. All procedures were performed under local anesthesia, from a groin ap-
proach. All procedures were performed by either an experienced interventional cardi-
ologist or an experienced interventional radiologist. The choice of stent type, and the 
decision whether or not to use a cerebral protection device (CPD) were at the discretion 
of the treating interventionalist. As most procedures were performed before CPD’s had 
become available, no protection device was used in 267 cases (85.3%).  Several different 
types of appropriately sized self expandable stents were used (Table 1).  

Table 1  |  Type of stents (and their manufacturers) as used in the present study (N = 312)

Stent type Manufacturer N (%)

Carotid Wallstent Boston Scientific, Natick, MA 219 (70)

Easy Wallstent Boston Scientific, Natick, MA 82 (26)

Peripheral Wallstent Boston Scientific, Natick, MA 1 (0.3)

Acculink Guidant, Indianapolis, IN 2 (0.6)

Carotid SE Medtronic, Minneapolis, MN 7 (2.2)

Precise Cordis J&J, Miami Lakes, FL 1 (0.3)

Total 312
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Overstenting of the carotid bifurcation was defined as covering of the ECA origin 
by stent placement from the ICA extending into the CCA. Aspirin (80-100 mg/day) 
was given prior to CAS and continued indefinitely. Clopidogrel (75 mg/day) was 
started 72h before the procedure and continued for at least 4 weeks. Patients re-
entered the carotid surveillance programme, with duplex US at 3 and 12 months 
and yearly thereafter.

Duplex Ultrasound Scanning
All patients were evaluated initially preprocedurally and during follow-up with duplex 
ultrasonography of the ipsi- and contralateral CCA, ICA, and ECA. The duplex criteria 
used in our vascular laboratory (HP/Agilent, Sonos 2500 or 4500, Andover, USA) are 
based on the Strandness criteria (20-49% / 50-70% / 70-90% / 90-99% / occlusion). 
In terms of classification of the degree of ICA and ECA stenosis with duplex ultrasound, 
we used the same velocity criteria in the post-stenting as for the pre- stenting situation.

Endpoints
Endpoints in the analyses were development of ECA occlusion or > 50% ECA stenosis 
during follow-up assessed by Duplex US scanning.

Statistics
Statistical analysis was performed using the statistical software package SPSS (SPSS, 
Inc., Chicago, Il). Actuarial survival analysis was performed by using Kaplan-Meier 
life tables. A p-value of < 0.05 (log-rank) was considered statistically significant for 
all analyses.

Results

Preprocedural evaluation of the ipsilateral ECA demonstrated ≥ 50% stenosis in 32.7% 
of cases vs 30% contralateral. Three ipsilateral and 3 contralateral ECA occlusions (1%) 
were noted (p = NS). After stenting 2 new ECA occlusions (0.8%) were seen vs 0 
contralateral. These 2 additional ipsilateral and asymptomatic occlusions occurred 
immediately after the procedure, both in patients in which the carotid bifurcation was 
overstented. Contralaterally, no new occlusion was noted immediately after the 
procedure. No additional ipsilateral ECA occlusions and two additional contralateral 
ECA occlusions (at 24 and 36 months respectively) were noted at extended follow-up. 
A comparison of progression of disease of the ipsilateral ECA (n= 312) and contralateral 
ECA, as demonstrated by duplex US, is shown in figure 1. On the day preceding 
stenting the ipsilateral and contralateral ECA did not differ significantly. The prevalence 
of ≥ 50% stenosis of the ipsilateral ECA progressed from 49.1% at 3 months, to 56.4%, 
64.7%, 68.2%, 72.3%, and 74% at 12, 24, 36, 48, and 60 months respectively. The 
contralateral prevalences were 31.2%, 37.6%, 41.5%, 43.1%, 45.8%, and 47.1% 
respectively. Compared with preprocedural data, the pronounced increase in stenosis 
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rate of the ipsilateral ECA and the moderate increase in the contralateral ECA was 
statistically significant (p < 0.001).
In 234 patients (75%) the carotid bifurcation was overstented. Prevalence of ≥ 50% 
ECA stenosis in non-overstented cases was 20.4% pre-CAS and 25%, 29.9%, 37.1%, 
42.9%, 53.6%, and 53.6% at 3, 12, 24, 36, 48 and 60 months follow-up respectively. In 
patients with overstented bifurcations the prevalence was 35.4% pre-CAS, and 53.4%, 
61.4%, 70.2%, 73.2%, 75.9%, and 77.9% at 3, 12, 24, 36, 48 and 60 months follow-up 
respectively (Figure 2). This difference, with the overstented bifurcations showing 
more disease progression of the ipsilateral ECA was statistically significant (p = 0.004).
So far we looked at the complete patient group including those with a more than 50% 
ECA stenosis at baseline. In fact it would be more fair to look at the development of 
truly new stenoses. If patients with a preprocedural ≥ 50% ECA stenosis were excluded 
from analysis, 176 patients remained (Figure 3). In these 176 patients with no ≥ 50% 
ECA stenosis at baseline, the prevalence of ≥ 50% stenosis of the ipsilateral ECA 
progressed from 0% pre-CAS to 24.6% at 3 months, 35.3 %, 47.3%, 52.8%, 58.9%, 
and 61.5% at 12, 24, 36, 48, and 60 months respectively. 
In 37 of 176 patients with no overstenting of the bifurcation prevalence of ≥ 50% 
stenosis of the ipsilateral ECA progressed from 0% at baseline to 5.9%, 11.9%, 21.1%, 
28.2%, 41.7%, 41.7% at 3, 12, 24, 36, 48, and 60 months respectively (Figure 4). In 
patients with overstented bifurcations prevalence of ≥ 50% stenosis of the ipsilateral 
ECA progressed from 0% at baseline to 29.9%, 41.1%, 53.8%, 58.5%, 62.7%, 65.8% 
at 3, 12, 24, 36, 48, and 60 months respectively (N=139).
During follow-up in 48 patients (15.5%) an in-stent stenosis ≥ 50% of the ipsilateral 
ICA occurred  (Figure 5). Comparison of ECA and ICA stenosis progression 
demonstrated a correlation between the two. There were more ECA stenoses in 
patients who developed an in-stent ICA stenosis (38/48; 79%), compared to those 
who did not (94/264; 36%) (ρ = 0.026). 

Figure 1  |  Kaplan Meier estimates of ECA stenosis free survival: ipsilateral ECA vs contralateral ECA 
(N=312) (p<0.001). Time schedule: BASELINE- 3m-12m-24m-36m-48m-60m.

Ipsilateral: 
67.3% (baseline) - 50.9% - 43.6% - 35.3% - 31.8% - 27.7% - 26.0%. 
Number of events (stenosis ≥ 50%) was 194 with a mean stenosis 
free follow-up of 23.3 months 95% CI (20.2 – 26.3) SE 1.56.

Contralateral:
70% (baseline) - 68.8% - 62.4% - 58.5% - 57% - 54.2% - 52.9%. 
Number of events (stenosis ≥ 50%) was 124 with a mean stenosis 
free follow-up of  36.5 months 95% CI (33.3 – 39.7) SE 1.64.
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In separate analyses no statistically significant correlation was found between ECA 
stenosis development in symptomatic versus asymptomatic patients, or in primary 
versus post-CEA restenosis, nor was there a statistically significant correlation between 
ECA stenosis development and CPD use, or the type of stent used.

Ipsilateral:
0% (baseline) - 75.4% - 64.7% - 52.4% - 47.2% - 41.1% - 38.5%.
 Number of events (stenosis ≥ 50%) was 82 with a mean stenosis 
free follow-up of  36 months 95% CI (32.1 – 39.8) SE 1.97.

Contralateral:
0% (baseline)- 90.1% - 82.6% - 76.8% - 74.0% - 69.6% - 67.3%
 Number of events (stenosis ≥ 50%) was 50 with a mean stenosis 
free follow-up of 43.6 months 95% CI (39.7–47.5) SE 2.0.

Figure 3  |  Kaplan Meier estimates of ECA stenosis free survival in selected patients with no stenosis at 
baseline: ipsilateral ECA vs contralateral ECA (N=167) (p=0.0043). Time schedule: BASELINE- 3m-12m-
24m-36m-48m-60m.

Non-overstented:
79.6% (baseline) - 75.0% - 70.1% - 62.9% - 57.1% - 46.4% - 46.4%
 Number of events (stenosis ≥ 50%) was 23 with a mean stenosis 
free follow-up of 37.5 months 95% CI (30.3 –44.7) SE 3.67.

Overstented:
64.6% (baseline) - 46.6% - 38.6% - 29.8% - 26.8% - 24.1% - 22.1%
 Number of events (stenosis ≥ 50%) was 167 with a mean stenosis 
free follow-up of 20.6 months 95% CI (17.3 –23.9) SE 1.68.

Figure 2  |  Kaplan Meier estimates of ECA stenosis free survival: ipsilateral non-overstented ECA (N=54) 
vs ipsilateral overstented ECA (N=238) (p=0.0004). Time schedule: BASELINE- 3m-12m-24m-36m-48m-
60m. Ipsilateral (All): 67.3% (baseline) - 50.9% - 43.6% - 35.3% - 31.8% - 27.7% - 26.0%
Number of events (stenosis ≥ 50%) was 194 with a mean stenosis free follow-up of 23.3 months 95% CI 
(20.2 – 26.3) SE 1.56.
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Discussion

This study reports the long term fate of the ECA after carotid stenting. Our results 
show that significant progression of disease in the ipsilateral ECA occurs after 
overstenting. Furthermore, there was greater progression of disease in the ipsilateral 
stented ECA compared with the untreated contralateral ECA. However, this did not 
have an adverse impact on either the patency of the ECA or the clinical outcome of 
the patient. 
The role of the ECA as a collateral to the brain is worthy of discussion. The ipsilateral 
ECA is thought by many to be an important source of cerebral blood flow in the 

Figure 5  |  During follow-up in 48 patients stenosis 
≥ 50% of the ipsilateral Internal Carotid Artery 
occurred. The incidence of in-stent recurrent stenosis 
(≥50%) therefore was 15,5% in the present study after 
a mean follow-up of 44 months. 
The correlation between ICA and ECA reached 
significance when patients with ECA stenosis at 
baseline were included (Chi-Square test; ρ = 0.026). 
If patients with a preprocedural ≥ 50% ACE stenosis 
were abandoned from analysis the correlation was 
non significant (ρ = 0.09).

Ipsilateral (All N=167):
 % (baseline) - 75.4% - 64.7% - 52.4% - 47.2% - 41.1% - 38.5%.

 Number of events (stenosis ≥ 50%) was 82 with a 
mean stenosis free follow-up of  36 months 95% CI 
(32.1 – 39.8) SE 1.97.

Non-overstented:
0% (baseline) - 94.1% - 88.1% - 78.9% - 71.8% - 58.3% - 58.3%.
 Number of events (stenosis ≥ 50%) was 10 with a mean stenosis 
free follow-up of 48 months 95% CI (41.8 – 54.8) SE 3.32. 

Overstented:
 0% (baseline) - 71.1% - 58.9% - 46.2% - 41.5% - 37.3% - 34.2%
 Number of events (stenosis ≥ 50%) was 70 with a mean stenosis 
free follow-up of 33.4 months 95% CI (29.0 – 37.8) SE 2.24.

Figure 4  |  Kaplan Meier estimates of ECA stenosis free survival in patients with no ECA stenosis at baseline: 
ipsilateral non-overstented ECA (N=37 ) vs ipsilateral overstented ECA (N=139) (p=0.004). Time schedule: 
BASELINE- 3m-12m-24m-36m-48m-60m.
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presence of occlusion or severe stenosis of the ICA, that might also serve as significant 
conduit for vascular reconstruction 9. As the severity of ICA disease increases, the 
contribution from the extracranial collateral circulation is expected to become greater 
up to 10 to 15% of middle cerebral artery blood flow 10. Others doubt if the contribution 
of the ECA collaterals to cerebral perfusion is substantial 11,12. Still, many surgeons 
routinely perform some kind of ECA endarterectomy during standard CEA 2, to 
preserve ECA patency and hereby collateral supply in cerebral perfusion in the event 
of recurrent ICA stenosis. Management of ECA stenosis during routine CEA is however 
controversial, in part because of high residual stenosis rate as well as early and late 
recurrent stenosis rate 2. Thus some surgeons have recommended leaving the diseased 
ECA intact during CEA 3. According to the guidelines of an international consensus 
meeting 13 CAS is also recommended without intervention at the ECA. 
The prevalence of ECA stenosis depends on definition and measurement tool. ECA 
stenosis (>50%) was found in 22% of patients indicated for CEA 3. Willfort found 
17.5% of patients with >70% ECA stenosis in patients preceding CAS 5. The 
preprocedural ipsi- and contralateral prevalence of ECA stenosis in our study group 
was 32.7% vs 30%  respectively using duplex with a cut-off point of ≥ 50% stenosis 
(PSV > 125 cm/s).
Ascer et al. 3, being the first to compare pre- and post-operative duplex evaluation of 
the ECA, found no significant early or late influence of CEA on disease progression 
in the ipsilateral ECA. Postoperative occlusion of the ECA following CEA showed to 
be rare, and even in the presence of significant preoperative ECA stenosis, postoperative 
occlusion did not occur despite intentionally leaving plaque within the ECA. ECA 
stenoses showed relatively stable and only a minority progressed to severe stenosis. 
More importantly, those that did progress to severe stenosis did not appear to confer 
additional risk of neurologic complication in their series. In Willforts study, the clinical 
significance of disease progression in the ipsilateral ECA during the first year after 
CAS was limited 5. Only one patient with presumed embolic ECA occlusion 
immediately after stent placement had transient jaw claudication. Similarly we found 
2 patients with occlusion postprocedurally also without symptoms. No other ipsilateral 
occlusions occurred during follow-up. 
Both in Willfort’s and in our study a significantly higher progression of disease in the 
ipsilateral versus the contralateral ECA after CAS was found 5. We also showed that 
progression was more significant with overstenting of the carotid bifurcation. During 
stent placement atheromatous material might be pushed from the CCA/ICA into the 
origin of the ECA. Furthermore, it is assumed that flow turbulence caused by passage 
through the meshes of the stent wall to the ECA might be a plausible explanation for 
the increased narrowing of the ECA. Although prospective with a follow-up of 121 
carotid arteries, the duration of Willforts study was limited to 24 months. After 1 year, 
based on Wallstents only, some kind of steady state seemed to be achieved. Our results 
however, with longer follow-up, clearly show that development of ECA stenosis is an 
ongoing process and therefore probably not only caused by early flow turbulence, but 
by true disease progression.
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Comparison of ECA and ICA stenosis progression post-endarterectomy demonstrated 
no correlation between the two 3. In Ascers study only 8% of cases showed ≥70% 
stenosis of both the ICA and ECA. Moreover, progression of disease within the ECA 
after CEA did not lead to restenosis of the ICA, suggesting the independence of disease 
within these two vessels. Interestingly, for the post-stenting situation we found a 
correlation between ECA and ICA stenosis progression (Figure 5). In-stent restenosis, 
reported 3.5% using only Wallstents with overstenting of the bifurcation 14 reduces 
the impact of the ECA as a source of collateral supply to the brain. In case of higher 
incidence of carotid stent recurrent stenosis, as published in CAVATAS or our own 
experience 1,15,16 the dynamics of ECA disease and the importance of the ECA as a 
collateral seem even more limited. On the other hand, in-stent restenosis of nitinol 
stents that are being used increasingly and can be placed selectively in the ICA, does 
probably not affect the origin of the ECA, and will subsequently lead to increased flow 
through the ECA which emphasizes the importance of the ECA as a collateral.
Two characteristics that make the carotid bifurcation somewhat unique are the different 
blood flow requirements and waveforms of the ICA and the ECA 17,18. Probably both 
phenomena are induced by the different resistances found in the runoff beds for each 
artery, high in the case of the ECA and low in the case of the ICA. In case of significant 
ICA stenosis and thus high resistance in the ICA, an increasing percentage of ECA 
flow is speculated to be diverted through collateral paths into the bed normally 
supplied by the ICA. When endarterectomy relieves bifurcation stenosis, CCA blood 
flow is redistributed preferentially to the ICA 19. The proportionate change in total flow 
has a positive increase in the ICA, whereas flow in the ECA is likely to decrease. Duplex 
ultrasonography is the primary non-invasive screening procedure for evaluation of 
ICA stenosis to select patients for angiography 20. In contrast to the ICA, evaluations 
of degree of ECA stenosis have been rarely described 2-4. The duplex US findings 
concerning ECA stenosis have been handled in the same manner as ICA stenoses and 
the same Doppler criteria have been used to evaluate them 4. Ascer and Archie used 
PSV of the ECA to grade ECA stenosis. Paivansalo found the peak systolic flow ratio 
ECA/CCA to be superior for grading ECA stenosis, which was also used by Willfort. 
In terms of classification of the degree of ICA and ECA stenosis with ultrasound, we 
used the same velocity criteria in the post-stenting as for the pre- and post-
endarterectomy situation. However, measurement of external carotid stenosis is more 
complicated and less accurate as a result of its smaller transverse diameter, as compared 
with ICA lesions 3. Furthermore, ipsilateral ICA stenosis affects the flow parameters 
of the ECA. Thus, ECA flow values must be considered carefully 21. 
Our study has several limitations. It was a non-randomized study using different types 
of stents. Our analysis did not show a relation between stenosis development and 
used type of stent. However, 96% of the stents used in this cohort were Wallstents, 
and analysis of a more balanced mix of stent types might discover such a relationship. 
Furthermore, in our analysis we used the PSV as the only measurement tool as 
discussed above. However, we believe that the clear trend shown by our results is 
independent of the measurement technique used.
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Conclusions

Our results show that significant progression of  stenosis in the ipsilateral ECA occurs 
after CAS. Progression is more pronounced with bifurcation overstenting. In the 
opposite ECA non or mild progression was found. In other words, there was greater 
progression of disease in the ipsilateral ECA compared with the contralateral ECA. 
Finally, progression of disease in the ECA did not have an adverse impact on the 
patency of the ECA. Even in the presence of preprocedural ECA stenosis, post-CAS 
occlusion did not occur.
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Abstract 

Background
Selective endarterectomy of external carotid artery (ECA) stenosis has been considered 
a therapeutic option for patients presenting with symptomatic ipsilateral internal carotid 
artery (ICA) occlusion to correct cerebral hypoperfusion or eliminate a source of emboli. 
However, data are scarce and long-term benefit of ECA revascularization remains unclear. 

Objective 
To study the operative results and durability of selective ECA endarterectomy in 
patients presenting with cerebrovascular symptoms in association with non-acute 
ipsilateral ICA occlusion.

Methods
In a single center, twenty-seven consecutive patients who underwent selective ECA 
endarterectomy between 2000-2010 were retrospectively analyzed. All patients presented 
with neurological symptoms (<6 months of surgery, 78% repeat events) referable to an 
ipsilateral occlusion of the ICA and concomitant stenosis of the ECA. We assessed 1) 
Perioperative clinical outcome <30 days and 2) Clinical outcome and patency (freedom of 
Duplex Ultrasound-detected ≥50% restenosis) at mid-term follow-up (mean: 31.6 months).

Results
Successful endarterectomy of the ECA was performed in 26 patients (96.3%, 1 ECA 
was found occluded at surgery). No perioperative deaths occurred. In the 30-days 
post-surgery one patient developed an ipsilateral disabling ischemic stroke (3.7%) 
and one patient (3.7%) had a myocardial infarction. At follow-up, nine patients died 
(1 fatal ischemic stroke, 6 non-vascular related, 2 unknown cause.) At 3 years, 83% of 
patients were free from stroke or death (Standard error [SE]: 8%) and 79% of the 
operated arteries were patent (SE 8%). Five patients developed restenosis ≥50% (n=2, 
asymptomatic) or occlusion (n=3, 1 symptomatic) within three months and two other 
patients developed late asymptomatic restenosis.

Conclusions
Selective endarterectomy of the ECA in symptomatic patients with an ipsilateral 
occlusion of the ICA is a feasible procedure with an acceptable perioperative risk. The 
majority of patients remain stroke free during follow-up and have a low rate of 
symptomatic restenosis.
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Introduction

In patients with symptomatic internal carotid artery (ICA) occlusion, focal brain region 
perfusion depends on the contribution from collateral arteries. 1 In many patients the 
ipsilateral external carotid artery (ECA) may form an important collateral route via 
mainly the ophthalmic artery. If the ECA contains a flow limiting high-grade stenosis, 
revascularization through endarterectomy of this artery may improve cerebral blood 
flow or eliminate a possible embolic source. 2, 3 The recent carotid occlusion surgery 
study (COSS) randomized trial showed no benefit in stroke prevention with 
extracranial-intracranial (EC-IC) compared to the control group receiving best medical 
treatment in patients with symptomatic occlusion and proven compromised cerebral 
perfusion. 4 Therefore, alternative treatments for patients with symptomatic ICA 
occlusion are regaining interest and need to be evaluated. 
Few patients undergo selective endarterectomy of the ECA, and evidence on the 
benefit of any revascularization in patients with symptomatic ICA occlusion is still 
debated in current literature. Most data on revascularization of the ECA comes from 
observational studies based on small case series. 5-21 However, the majority of these 
studies also included extended procedures such as carotid-subclavian bypass or EC-
IC bypass surgery. At present, data on outcome of purely and selective ipsilateral ECA 
endarterectomy for patients presenting with a symptomatic ICA occlusion is still 
limited, and the long-term benefit of selective ECA endarterectomy remains unclear. 
Therefore, within a large tertiary vascular surgery referral center, we evaluated all 
patients with symptomatic non-acute ICA occlusion who underwent selective 
ipsilateral ECA endarterectomy analyzing perioperative and long-term outcome.

Methods

Clinical work-up
From our prospective database on all carotid artery revascularization procedures, we 
searched for consecutive patients undergoing selective revascularization of the ECA 
between September 2000 and August 2010 in the University Medical Center Utrecht. 
Patients were eligible if they fulfilled the following criteria: 1) Scheduled for selective 
ipsilateral endarterectomy of the ECA (extended to the common carotid artery if 
necessary); 2) No adjunctive procedures were performed 3) Symptoms ipsilateral to 
a non-acute ICA occlusion; 4) Procedural details and 30-day outcome reported; and 
5) Follow-up data available for at least three months. The indication for endarterectomy 
of the ECA was discussed in a multidisciplinary panel of neurologists, radiologists and 
vascular surgeons in all patients as part of routine clinical practice.

Data collection and follow-up
Patient characteristics and data on outcome were retrieved from electronic medical 
records. In case of any uncertainties or if additional information was required (e.g. 
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cause of death during follow-up) the general practitioner was contacted. Imaging data 
were obtained from our vascular laboratory. Symptoms during regular follow-up were 
objectified in the outpatient clinic by an experienced independent vascular neurologist 
(CK).  Patients with absent imaging data or follow-up less than two years were 
contacted to undergo an additional Duplex Ultrasound (DUS) and a consultation at 
the neurologist’s outpatient clinic.

Surgical techniques
All patients underwent surgery under general anesthesia. As a standard of practice in 
our clinic, cerebral function and perfusion were monitored with electroencephalography 
(EEG) and Transcranial Doppler (TCD) during surgery. Findings were used in the same 
way as with conventional CEA of the ICA. A decrease of <50% of baseline velocity in 
the ipsilateral MCA on TDC might lead to shunting as well as focal ipisilateral 
decreases in amplitudes and slowing of EEG waves. The final decision whether to 
shunt or not was left to the discretion of the operating surgeon. A board certified 
vascular surgeon performed selective endarterectomy of the ECA using the same 
standardized approach as for longitudinal carotid endarterectomy. The arteriotomy 
was carried from the CCA into the ECA beyond the distal extent of the stenosis and 
a standard endarterectomy plane was created and revascularization performed. The 
orifice of the carotid internal artery was oversewn in all cases using prolene 5-0. In 
case of persisting irregularities on the ICA origin, additional ligation was performed. 
A patch angioplasty (autologous vein, Dacron, or bovine pericardium) was applied at 
the discretion of the operating surgeon. All autologous vein patches were harvested 
from the distal greater saphenous vein at the ankle. Standard postoperative medical 
management was applied and consisted of antiplatelet drug in combination with a 
statin. 

Patients
Of the 35 patients initially considered for inclusion, 8 patients were excluded based 
on other procedures performed than ECA (1 stent placement and 1 EC-IC bypass), 
concomitant ipsilateral or contralateral procedures (n=5) and ECA on the side of a 
non-occluded internal artery (>70% stenosis). The remaining 27 patients were included 
for this study. Baseline characteristics of these patients are summarized in Table 1. 
Mean age was 64.3 years (range 48-79) and 19 patients were males (70.4%). DUS 
degree of ECA stenosis ≥50% was confirmed by a second imaging modality (MRA or 
CTA). All patients had preoperative neurological symptoms referable to an non-acute 
ipsilateral ICA occlusion. Time from ICA occlusion (proven on imaging studies) to 
surgery was 8 months (range 0.8-37).  Presenting symptoms included ischemic stroke 
(n=4, 14.8%), hemispheric TIA (n=7, 25.9%) or any ocular symptoms (n=13, 48.1%), 
consisting of amaurosis fugax (n=11) and the syndrome of chronic ocular ischemia 
(SCOI, e.g. blurred vision and progressive visual loss 22, n=3). In one patient both were 
present. Three patients (11.1%) presented with both ocular symptoms and hemispheric 
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TIA’s. All symptoms were present within six months before surgery, and the majority 
(77.8%, n=21) of patients experienced recurrent events. Six patients underwent ECA 
surgery because of a single neurologic event in combination with severe cerebrovascular 
atherosclerosis. Exact indication for ECA endarterectomy is outlined in the Appendix. 
Bilateral ICA occlusion was present in five (18.5%) patients.

Endpoints
The primary endpoint was the development from any major cardiovascular adverse 
event (stroke, myocardial infarction [MI] or death. The secondary endpoint was defined 
as freedom of presenting symptoms, without the development of any new minor 
neurological symptoms (hemispheric TIA’s and/or ocular symptoms). The tertiary 
endpoint was patency of the treated ECA. Restenosis was defined as ≥50% stenosis 
by DUS criteria 23 (Peak Systolic Velocitymean ECA≥ 150 cm/s) or as ≥50% stenosis on 
DSA, CTA or MRA. Occlusion was defined as a 100% stenosis without blood flow. 

Table 1  | Patient characteristics and preoperative risk factors of 27 patients who underwent external 
carotid endarterectomy

Patient characteristics N or 
mean

% or 
range

Age, y (mean, range) 64.3 48 – 79

Male gender 19 70.4

Presenting symptoms a 

Ischemic Stroke 4 14.8

Hemispheric TIA 7 25.9

Ocular symptoms (AFX and/or SCOI) 13 48.1

Hemispheric TIA and Ocular symptoms 3 11.1

Time from ICA occlusion to surgery, Mo (mean, range) 8 0.8 – 37 

Right side treated 16 59.3

Contralateral ICA occlusion 5 18.5

Risk factors   

Current smoker 12 44.4

Hypertension 15 55.6

Hypercholesterolemia 22 81.5

Diabetes mellitus 3 11.1

Coronary artery disease 10 37.0

Peripheral artery disease 9 33.3

GFR (median, range) 65.5 31.7 – 109.2

BMI (median, range) 27.2 23.6 – 38.0

TIA, transient ischemic accident; AFX, amarosis fugax; SCOI, syndrome of chronic ocular ischemia; ICA, 
internal carotid artery; GFR, glomural filtration rate in ml/min/1.73m2, BMI, body mass index; calculated 
as weigh(kg)/length (m)2  a All symptoms ipsilateral of side of ICA occlusion
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Lastly, immediate technical success and procedure related local events such as 
infection, bleeding needing re-intervention and cranial nerve injury (CNI, permanent 
or transient) were assessed postoperatively by the operating surgeon. Results were 
analyzed during perioperative period (<30 days) and at follow-up (at three months 
and thereafter). Survival analyses were performed to demonstrate freedom from stroke 
or death and patency over time.  

Results

Perioperative outcome
In 26 patients (96.0%) operation was technically successful; revascularization could 
not be performed in one patient because the ECA was found occluded at the time 
of surgery. None of the patients died. One ipsilateral disabling ischemic stroke 
(3.7%) occurred one day after surgery, caused by hypotension, without occlusion of 
the ECA. Another patient (3.7%) had an asymptomatic ECG detected MI. Procedure 
related local events included transient CNI in two patients (hypoglossal nerve, 7.4%) 
and bleeding needing re-exploration in one (3.7%). (Table 2) In seven (25.9%) 
patients the origin of the occluded ICA was ligated (ICA orifice left in place) during 
the surgical procedure. A shunt was used in one operation because of bilateral 
occlusion. In 18 (66.7%) patients the arteriotomy was closed with a patch angioplasty, 
in two (7.4%) with an ICA transposition flap and in 7 patients (25.9%) the 
arteriotomy was closed primarily. 

Table 2  | Perioperative outcome (<30 days) for 27 patients

Major outcome N % 

Death 0 0.0

Stroke 1a 3.7

MI 1 3.7

Procedure related local events   

Wound infection 0 0.0

Bleeding 1 3.7

CNI 2 7.4

Technical success 26 96.0

Patch used b 18 66.7

Shunt used 1 3.7

Ligation of the ICA 7 25.9

ICA, internal carotid artery; CNI, cranial nerve injury, MI, 
Myocardial Infarction a Ipsilateral, ischemic b 16 Venous, 1 
Dacron, 1 Bovine  
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Three months outcome
At three months, no new strokes, deaths or MI were noted. Three patients had minor 
neurological symptoms. In one patient who experienced amaurosis and jaw 
claudication, the ECA proved to be occluded on DUS. Two other patients had recurrent 
ipsilateral amaurosis (n=1) and ipsilateral limb shaking TIA’s (n=1). Relief of symptoms 
was obtained after starting dual antiplatelet treatment (aspirin combined with 
clopidogrel) in the first patient and CEA of the contralateral external carotid artery in 
the second patient. Cumulative patency rate after three months was 80% (n=22, SE 
8%). (Table 4, Figure 2) In two patients a restenosis ≥50% was seen (arteries closed 
with a patch) and the ECA appeared to be occluded in three other patients (two 
arteries closed primarily, 1 with patch). One of these occlusions (3.7%, patient 
described above) became symptomatic.  

Mid-term outcome
Mean time of follow-up was 31.6 months (range 3 – 78). Four patients were lost to 
follow-up after three months; two patients appeared to be dead (from non-vascular 
causes) without follow-up >3 months and one patient refused further follow-up 
consultation. The one patient whose operation failed remained symptom-free and 
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Figure 1  |  Cumulative proportion of freedom from restenosis or occlusion of 27 patients undergoing
external carotid endarterectomy.
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was therefore not further consulted after three months. Nine patients died during 
the course of follow-up; six patients died due to non-vascular causes and in two 
patients the cause of death was unknown (both patients completed follow-up > 3 
years and stayed symptom-free). One patient developed a fatal stroke (territory 
unknown) after 18 months of follow-up. This patient was known to have severe 
bilateral disease in both carotid and vertebral arteries, although the treated ECA 
stayed patent without restenosis (PSV = 60 cm/s). At 3 years, 83% of patients were 
free from stroke or death (Standard error [SE]: 8%). (Figure 1) Three patients had 
minor neurological symptoms; one patient had hemispheric TIA’s and amaurosis at 
20 months. Frequency of TIA’s decreased and no progression of ocular symptoms 
was encountered following stenting of the ipsilateral vertebral artery to optimize 
cerebral blood flow.  The second patient had hemispheric TIA’s at 43 months of 
follow-up. The third patient had recurrent ipsilateral amaurosis at nine months of 
follow-up. In this patient a ≥50% restenosis of the ECA had already been found at 
three months, but symptoms became apparent at nine months. Two other new 
asymptomatic restenoses were identified (arteries closed primarily). At 3 years, 80% 
of arteries were patient (SE 8%). (Figure 2)   
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Figure 2  |  Cumulative proportion of freedom from non-fatal stroke or death of 27 patients undergoing
external carotid endarterectomy.
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Discussion

Based on our single center experience, ECA revascularization through endarterectomy 
proved to be a feasible procedure with low perioperative morbidity and mortality. 
Clinical results yielded one early non-fatal stroke and one late fatal stroke. While 3 
patients experienced early minor neurological symptoms and 3 other patients 
developed late minor symptoms, the majority of patients were relieved from their 
initially presenting symptoms. Patency at 3 months and 3 years was 80%. The results 
of this study indicate that external carotid endarterectomy should be considered as a 
treatment option for patients presenting with symptoms referable to a non-acute ICA 
occlusion and external carotid disease. However, the net benefit will be limited in 
patients with poor life-expectancy, since 4 patients died within 3 years of operation 
and another 5 thereafter. 
Symptomatic ICA occlusion has a significant annual risk of stroke (5 – 12%). 24-26 Few 
treatment options are available for these patients, with optimization of secondary 
preventive medication being the standard of care. Currently, no type of revascularization 
has been shown of proven benefit. 2, 4 Occlusion of the ICA may cause cerebral 
hypoperfusion and subsequent heamodynamic stroke, a type of ischaemic stroke that 
is caused by hypoperfusion rather than by embolism or local vasculopathy. Stroke or 
minor neurologic symptoms related to hypoperfusion may arise if the contralateral 
intracranial flow via the Circle of Willis is inadequate (risk: 55-85%) or if the extracranial 
collateral flow is diminished. 27 Optimization of cerebral blood flow can be considered 
to relieve cerebrovascular symptoms and to prevent stroke and subsequent death. 28 
At this moment, the role for EC-IC bypass surgery seems limited, since EC-IC bypass 
did not prove to benefit patients with ICA occlusion over medical treatment alone in 
a large randomized controlled trial. 4 Thirty-day safety of endarterectomy of the ECA 
in patients with established ipsilateral ICA occlusion was shown in earlier cohort 
studies of which most were published before 1990. In a literature review including 

Appendix  | Patients with a single event after or during an ipsilateral internal carotid artery occlusion as 
their indication for surgery

No Single event Time from ICA 
occlusion to surgery

Reasons that forced surgery

1 Stroke 1 Month String sign contralateral ICA

2 Amaurosis fugax 2 Months Severe four vessel disease

3 Stroke 3 Weeks Highgrade contralateral ICA stenosis 
and  severe bilateral ECA stenosis

4 Stroke 6 Months Bilateral ICA occlusion and severe 
bilateral ECA stenosis

5 Stroke 5 Months Severe four vessel disease 

6 Ocular ischemic syndrome 
with blindness

9 Months Bilateral occlusion and young age 
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most series before 1987, 195 ECA endarterectomies and 23 ECA bypasses were 
described in symptomatic patients with ipsilateral ICA occlusion. 17 Overall 30-day 
neurologic complication rate was 5% and the perioperative death rate was 3%. Many 
patients in these series received ECA surgery preceding EC-IC bypass surgery or 
combined with adjunctive carotid subclavian surgery, and would thus be exposed to 
higher operative risk than ECA endarterectomy alone. 29 One year later, a subsequent 
review reported that selective ECA endarterectomy alone carried a low risk with a 
perioperative neurologic deficit rate of 1.6% and a mortality rate of 0% in a literature 
overview of 192 selective ECA endarterectomy procedures. 12 After 1988, only few 
additional reports on isolated ECA endarterectomy were published. The most recent 
and largest single center series involved 57 patients. [Paty et al] While 3 patients had 
adjunctive bypasses and eversion technique was used in 73%, results were comparable 
to our study. 30-Day complications included 1 death, 1 MI, 1 neck hematoma and 1 
asymptomatic occlusion. At three years, stroke-free survival was 86% (SE 7.8), which 
was consistent with the 83% (SE 8) found in the current series.  An updated summary 
of the available literature is shown in Table 3. While these studies were not 
generalizable, overall complication risk with ECA surgery was low and seems to 
outweight the annual stroke risk as identified in patients with ICA occlusion without 
revascularization.  
Despite 50 years of experience with extracranial surgical techniques, the exact 
indications and outcome of selective ECA endarterectomy remain poorly defined. 6  
There seems to be no role for ECA revascularization in asymptomatic patients with 
ICA occlusion or in patients presenting with a major stroke at time of occlusion of the 
ICA without further neurologic or ocular symptoms. 2, 7 In patients without recurrent 
symptoms and major stroke, sufficient collateral pathways are expected to compensate 
for absent ipsilateral ICA flow in these patients. None of the four patients in our cohort 
who presented with a single stroke experienced further neurological events, despite 
occlusion or restenosis in two of these. 
Currently, advanced imaging techniques like selective arterial spin labeled (ASL) MRI 
are available to aid patient selection. Selective ASL perfusion MRI was recently 
introduced as a method to assess the contribution of the individual arteries to the 
perfusion of the brain. 30 If the brain region supplied by the ECA contains diminished 
flow, ECA endarterectomy is more likely to provide benefit. 1 While we were 
unfortunately not able to use these new imaging techniques yet, they will help to 
select future patients who will benefit most from surgical intervention and to 
objectively determine the change in cerebral perfusion after intervention. 
Surgical techniques for ECA endarterectomy have been widely discussed in the 
literature. 11, 12, 19 ECA endarterectomy seems neither more risky nor more technically 
demanding than ICA endarterectomy. 9  Patch (venous or prosthetic) closure or closure 
with a part of the ICA and obliteration of the ICA stump (performed in 4 patients in 
our series) was associated with improved outcome in terms of patency in other series. 
9, 12 Nine of the arteries in our series were closed primarily, most probably because of 
a sufficient large lumen of the ECA. Our numbers were too small to relate method of 
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closure with patency at follow-up. Although a seldom complication, no blow-outs 
were seen in patients with venous patches. Patients with bilateral ICA occlusion seem 
to have a comparable risk for subsequent ischemic stroke to patients with unilateral 
occlusion. 31 Although the risk of surgery in patients with bilateral occlusion is expected 
to be higher, endarterectomy of the ECA has demonstrated low operative risk and 
resulted in increased cerebral perfusion and relief of symptoms. 7, 17 Four of five patients 
in our cohort with bilateral occlusion did clinically well and three of five ECA’s stayed 
patent during follow-up. Also in patients with bilateral occlusion, compensation 
through collateral branches other than the ECA have likely developed over time to 
supply adequate flow and prevent further symptoms.
This study was limited by the use of retrospective data and low incidence of selective 
ECA endarterectomy in a highly selected population. For example, we were not able 
to differentiate patients who were operated for a heamodynamic problem from 
patients who were treated to eliminate a source of emboli since preoperative studies 
investigating nuclear flow could not be obtained. Also, reasons for some technical 
decisions during surgery such as patch and shunt use could not traced back. However, 
detailed information on follow-up data was available and the long-term clinical impact 
of this rare surgery could be analyzed carefully. 
In conclusion, for patients with non-acute symptomatic ICA occlusion and symptoms 
referable to low flow state or embolic events due to ECA stenosis, selective ECA 
endarterectomy seems a feasible and durable treatment in terms of low operative risk 
and freedom from major neurologic symptoms during follow-up. 
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Abstract

Bacground and purpose
Eversion endarterectomy of the external carotid (ECA) artery during routine carotid 
endarterectomy (CEA) is general practice for many surgeons but the outcome of this 
procedure on the patency of the ECA is fairly unknown. We aimed to analyse the 
outcome of our standardized method of management of the ECA during CEA by 
duplex ultrasound (DUS) in a large consecutive patient cohort. 

Methods
Between 2002 and 2009 a total of 1198 CEA’s were performed in two large volume 
vascular centres in the Netherlands (University Medical Center Utrecht and St. 
Antonius Hospital Nieuwegein). During standardized CEA routine eversion 
endarterectomy of the proximal ECA and blind endarterectomy of the distal ECA was 
performed. Duplex ultrasound (DUS) flow velocities were used to grade stenosis in 
the ECA at baseline and after 3 months, 1 and 2 years of follow-up. A peak systolic 
velocity (PSV) of 125cm/s was used as a threshold for a stenosis >50%. 

Results
Out of 1198 patients, complete pre- and postoperative duplex data on common,internal 
and external carotid arteries were available in 660 patients.  All 660 patients included 
in our analysis had DUS follow-up of at least 2 years. The mean age of included 
patients was 66.5 years, 68% were male and 83% were treated because of symptomatic 
carotid lesions. During follow up, restenosis rates of the ECA were 30.0%, 29.1% and 
34.2% after 3 months, 1 year and 2 years respectively. Occlusion rates during follow-
up were 1.4%, 2.1% and 2.6% respectively. In a subgroup of patients without ECA 
stenosis at baseline (N=392), the restenosis rates were 25.3%, 22.2% and 26.5%, and 
occlusion rates were 2.0%, 2.6%, and 3.1% respectively.

Conclusions
In our opinion, standardized eversion endarterectomy of the ECA is a safe and durable 
option for management of the ECA during routine CEA.  Despite of ≥50% restenosis 
rates up to 34% after two years of follow-up, eversion endarterectomy removes a 
possible source of emboli to the ICA and preserves the ECA as a possible collateral 
for retinal and cerebral perfusion due to low occlusion rates.
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Introduction

In patients with recently symptomatic haemodynamic significant stenosis of the internal 
carotid artery (ICA), carotid endarterectomy (CEA) reduces the risk of stroke. 1  
In most cases, the carotid atherosclerotic lesion is situated at the carotid bifurcation 
and often the external carotid artery (ECA) is also involved. The plaque at the ECA 
origo can be a possible source of emboli when particles are dislodged in the ICA. The 
clinical significance of the ECA as a possible collateral pathway for cerebral perfusion 
is still a matter of debate. The ipsilateral ECA might potentially provide an important 
collateral pathway for retinal and cerebral blood flow in the presence of occlusion 
or severe stenosis of the ICA, especially in patients with an incomplete circle of 
Willis. 2-5 When this possible collateral flow is jeopardized by restenosis of the ECA 
following CEA, patients could theoretically be at risk for recurrent symptoms. High-
grade restenosis or occlusion of the ipsilateral ECA can cause neurological deficits. 6-8 
Whilst CEA of the ICA is fairly standardized, irrespective whether performing an 
eversion or standard endarterectomy with longitudinal arteriotomy, there is no uniform 
technique for removing plaque from the stenosed ECA during CEA. The technique 
used is dependent of the operating surgeon: eversion endarterectomy, blind 
endarterectomy or a simple transection of the plaque at the orifice. 9-11 The fate of the 
ipsilateral ECA following CEA has been investigated with 12 and without 13, 14 additional  
endarterectomy of the ECA but literature concerning the patency of the ECA following 
CEA is scarce. As a consequence, the optimal treatment of ECA stenosis is still not 
clear. In order to evaluate the patency of the ECA following routine eversion 
endarterectomy of the ECA during carotid endarterectomy, we analysed pre-operative 
and follow-up duplex ultrasound flow velocities.

Materials and methods

Study Population
Athero-Express is an on-going Biobank study for carotid atherosclerotic plaques 
harvested during CEA.15 Medical ethics boards of the two participating hospitals 
(University Medical Center Utrecht and St. Antonius Hospital Nieuwegein, the 
Netherlands) approved the study. The duplex ultrasound (DUS) data of patients 
included in Athero-Express between 2002 and 2009 was analysed in this study. In 
order to be included in this analysis, DUS data of the ECA prior to surgery and during 
follow-up of at least 2 years had to be available. All participating patients provided 
written informed consent. Selection for CEA was discussed in a multidisciplinary team 
and was based on international guidelines for symptomatic and asymptomatic carotid 
stenoses.16, 17 Baseline characteristics and medication use were gathered preoperatively 
from admission charts and standardized questionnaires. Diabetes Mellitus (DM) was 
defined as use of insulin or oral glucose inhibitors; hypertension was defined as systolic 
tension >130 mmHg or usage of blood pressure lowering drugs. Patients were 
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considered as current smokers if they reported to be smoking until the year of CEA. 
Clinical presentation was divided into stroke, ocular symptoms, transient ischemic 
attack (TIA) or asymptomatic presentation.

Carotid Endarterectomy procedure
A board certified vascular surgeon performed CEA. CEA was performed under general 
anaesthesia. Electro-encephalography (EEG) was used to monitor perioperative 
cerebral perfusion and Trans Cranial Doppler (TCD) for perioperative emboli detection. 
After incision, the vessels were dissected, isolated, and controlled with vessel loops. 
Systemic anticoagulation is obtained with intravenous administration of 5000IE of 
heparin three minutes before clamping. The common carotid artery (CCA) is clamped 
first followed by the ICA, ECA and if necessary the superior thyroid artery branch of 
the ECA. Javid® shunts were selectively used if EEG (analysed intra-operatively by a 
clinical neurophysiologist) showed theta and/or delta activity or focal or diffuse EEG 
signal flattening following clamping. 18, 19 A longitudinal arteriotomy was performed 
from the CCA extending in the ICA. A standard endarterectomy of the CCA and ICA 
was performed with routine endarterectomy of the ECA. Eversion endarterectomy of 
the proximal ECA and blind endarterectomy of the distal ECA was performed in all 
patients included in this analysis. Closure of the arteriotomy with a patch (venous, 
Dacron or bovine) was selectively used as required by the operating surgeon. 
Premedication (aspirin, dipyridamol, statin,) was started prior to the procedure at the 
outpatient clinic and continued indefinitely during follow-up.

Duplex Ultrasound Scanning
DUS of the ipsilateral and contralateral carotid arteries was performed in a vascular 
laboratory before surgery and at three months and one and two years after treatment 
(HP/Agilent, Sonos 2500 or 4500, Andover, USA). At each time point the ipsilateral 
and contralateral Peak Systolic Velocity (PSV) of ICA (PSV ICA), ECA (PSV ECA) and 
CCA (PSV CCA) were recorded. The DUS criteria for the ICA used in the two 
participating vascular laboratories were based on the modified Strandness criteria: 
(mild stenosis, <50%  [PSV < 125cm/s); moderate stenosis, 50% to 69% [PSV >125-
230cm/s], significant stenosis, 70% to 99% [PSV >230cm/s] and occlusion) 20. For the 
ECA a peak systolic velocity >125cm/s was used as a cut-off point to grade a stenosis 
greater than 50%. 21 In the participating centers of this study, all measurements of flow 
velocities are done in the mid-ECA.

Follow-up
For the present analysis and according to protocol in the participating vascular centres, 
all patients were evaluated by an independent neurologist and vascular surgeon, 
receiving clinical review and DUS prior to treatment and during follow-up of at least 
24 months.
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Statistical analysis
SPSS 20.0 (SPSS Inc, Chicago, Illinois) was used for all statistical analyses. Parametric 
data were presented as means with corresponding standard deviation, whereas non-
parametric data were presented as medians with corresponding interquartile range. 
Kaplan-Meier analyses were used to estimate event-free survival. 

Results

Patients
In total 1198 carotid endarterectomies were performed in the University Medical 
Center Utrecht and the St. Antonius Hospital Nieuwegein (the Netherlands) between 
January 2002 and January 2009. Of these patients 200 patients had no DUS of the 
ECA prior to surgery and were therefore excluded from analysis. Another 338 patients 
were excluded from this study due to several reasons (table 1); patients had not 
reached 2 years follow-up yet or could not reach the hospital for DUS due to severe 
comorbidity (N=129), patients were discharged from further follow-up before reaching 
2 years of follow-up or had follow-up at another institution (N=126) or patients died 
during follow-up (N=93). 

In total, 660 patients (68% male) with an average age of 66.5 years remained for 
analysis. All 660 patients had DUS prior to surgery and completed follow-up of at 
least two years. Baseline characteristics and cardiovascular risk factors of the included 
patients are shown in table 2. 

Patency
Restenosis rates of ≥50% stenosis were 40.6% preoperatively and 30%, 29.1% and 
34.2% at 3 months, 1 year and 2 years of follow-up respectively. Occlusions rates 
during follow-up were 1.4%, 2.1% and 2.6%. To investigate truly new stenosis, we 
analysed a subgroup of patients without ≥50% stenosis of the ECA at baseline. When 
we excluded patients with a baseline stenosis of ≥50%, 392 patients remained for 
analysis. Restenosis rates in this subgroup were 25.3%, 22.2% and 26.5% at 3 months, 
1 year and 2 years of follow-up respectively. Occlusion rates were 2.0%, 2.6% and 

Table 1  | Excluded patients

Reason for exclusion N

No DUS ECA prior to surgery 200

Not reached 2 years of follow-up yet / unable to reach hospital for DUS 129

Discharged from follow-up / follow-up at another institution 116

Died during follow-up 93

Total 538
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3.1% (Table 3). Survival analysis in patients without ECA stenosis at baseline showed 
a restenosis ≥50% free survival of the ECA of 82.5%, 77.7% and 72.7% respectively 
during follow-up (figure 1). No patients developed neurological symptoms (e.g. jaw 
claudication) due to the ECA stenosis or occlusion.

Table 2  | Baseline characteristics of included patients

Patient characteristics N=660

Age, mean (±SD) 66.5 (±8.9)

Gender, male 68.0%

Side treated, right 48.0%

Smoking 36.9%

Diabetes 18.6%

Treated for hypertension 83.3% 

History of coronary artery disease 22.6%

History of peripheral artery disease 18.8%

Time since last cerebrovascular event, days, median [IQR] 56 [23-114]

Index event

Asymptomatic 17.6%

Ocular 14.9%

Transient ischemic attack 43.8%

Stroke 23.7%

Pre-operative stenosis ECA ≥50% 40.1%

Pre-operative contralateral stenosis ICA ≥50% 42.4%

Abbreviations: ECA, external carotid artery; ICA, internal carotid artery; SD, standard deviation; IQR, 
interquartile range. 

Table 3  | ≥50% restenosis rates of the ECA following CEA

Total population (N=660) Truly new stenosis (N=392)

Follow-up Restenosis ≥50% Occlusion Restenosis ≥50% Occlusion

Baseline 40.6% 1.7% 0% 0%

3 months 30.0% 1.4% 25.3% 2.0%

1 year 29.1% 2.1% 22.2% 2.6%

2 years 34.2% 2.6%  26.5% 3.1%

Restenosis >50% defined as PSV ECA >125 cm/s
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Discussion

This study reports on the fate of the ECA following CEA during mid-term follow-up 
of two years. During follow-up we observed a relatively high percentage of patients 
who develop a restenosis of >50%. However, despite of the increase of the severity 
of restenosis, there is little progression of the stenotic disease to occlusion: 2.6% after 
two years of follow-up. Even in patients without stenosis at baseline, restenosis rates 
are as high as 26.5% after two years of follow-up. Dilatation of the ECA resulting 
from possible changes in altered flow dynamics of the bifurcation or remodeling of 
the ECA plaque over time could explain this the initial decrease of restenosis rates 
following 1 year of follow-up compared to 3 months postoperatively. During further 
follow-up, restenosis rate increased over time, a phenomenon also seen by other 
authors. 9, 12-14, 22

To our knowledge, only one other study analysed the patency of the ECA following 
standard endarterectomy of the ICA with blind endarterectomy of the ECA, reporting 
a cumulative ≥50% restenosis rate of 40% after 3 years of follow-up. Restenosis of 
the ECA showed to be an on-going process with a cumulative ≥50% restenosis rate 
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Figure 1  |  Kaplan-Meyer plot of restenosis free survival of the ECA in patients without >50% stenosis at 
baseline. Restenosis free survival during follow-up: 82.5% (3 months), 77.7% (1 year) and 72.7% (2 years) 
Patients at risk: 392 (baseline), 298 (3 months), 279 (1 year) and 180 (2 years) .
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up to 81% after 10 years of follow-up. 12 The authors concluded that combined 
proximal eversion technique and blind distal ECA endarterectomy during routine 
CEA provides poor and unacceptable early and late outcomes. The repair of severely 
obstructed or occluded ECA identified during surgery after CEA has a similar poor 
outcome (45.9% restenosis after 2-6 months). Our results are very similar to these 
results but our PSV threshold to grade ≥50% restenosis was lower (125 cm/s vs. 150 
cm/s) and could therefore relatively overestimate our restenosis rate. Due to the 
retrospective character of this study it was not possible to calculate our restenosis 
rate with a threshold of 150 cm/s because of the absence of trackable duplex velocities 
in most reports. Due to the lack of predefined duplex criteria on grading stenosis of 
the ECA, we used the consensus of the American Society of Radiologists on grading 
carotid stenosis in DUS. 21 
Current literature concerning the patency of the ECA following CEA is scarce. In order 
to further optimize the outcome following CEA, research regarding the ECA cannot 
be discarded. Albeit rare, neurological complications of restenosis or occlusion of the 
ECA have been reported. 6-8 Therefore it is essential to evaluate the patency of the ECA 
when, during routine CEA, a standardized method of management of the ECA is 
performed. Our study describes the patency of the ECA in a large cohort of patients 
with mid-term follow-up of 2 years in all included patients. 
We identified five other studies which analysed patency of the ECA through DUS 
measured velocities. The results in the published papers vary considerably (table 4); 
restenosis rates vary from 2.8% to 40%. Occlusion rates are low and verily similar; 
0-2.4%. Restenosis rates following CEA without blind endarterectomy of the ECA are 
considerably lower compared to CEA with concomitant blind endarterectomy of the 
ECA. Blind endarterectomy of the ECA is reported to have a 5% to 16% incidence rate 
of early post-CEA ECA occlusion. 8, 23-26 Two studies describe a technique in which the 
plaque is transected at the orifice of the ECA and no endarterectomy is performed. 
The largest and most recent of these studies is by Ascher et al. 14 In their cohort of 9o5 
patients a standard endarterectomy of the ICA was performed without concomitant 
endarterectomy of the ECA. Compared to our findings, their group observed a 
considerably lower restenosis rate of 7.0% and only two ECA occlusions during an 
average follow-up of 18 months. The conclusion was that even with longer-term 
follow-up, leaving disease in the ECA during CEA did not seem to be associated with 
a significant incidence of progression of ECA stenosis, occlusion or symptoms.  
It remains questionable whether restenosis rates of the ECA described in the various 
studies can be compared. An important factor in grading restenosis of the ECA is the 
location of measuring flow velocity in the artery. If only the flow velocities at the origo 
of the ECA are described, one could miss residual stenosis distally to the origo and 
therefore reported restenosis rates could be an underestimation of actual (residual) 
stenosis in the rest of the ECA. In the participating centers of this study, all 
measurements of flow velocities are done in the mid-ECA. Residual stenosis and 
restenosis following blind endarterectomy of the ECA are therefore included in our 
results. We did not perform intraoperative continuous-wave Doppler scans to check 
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for residual stenosis distal to the blind endarterectomy site. The origo is selectively 
desobstructed during eversion endarterectomy of the proximal ECA but residual 
stenosis can remain at the site of the blind endarterectomy of the distal ECA. This 
residual stenosis does not lead to occlusion and due to the eversion endarterectomy 
of the origo of the ECA a possible source of emboli to the ICA is removed.
A limitation of this study is the lack of detailed information on the exact degree of 
restenosis during follow-up. We divided the degree of restenosis in three groups: 
<50%, ≥50% or occlusion. This hampers detailed analysis but does represent a 
pragmatic description of the patency of the ECA following standardized eversion 
endarterectomy. 

Conclusions

In our opinion, standardized eversion endarterectomy of the ECA is a safe and durable 
option for management of the ECA during routine CEA.  Despite of ≥50% restenosis 
rates up to 34% after two years of follow-up, eversion endarterectomy removes a 
possible source of emboli to the ICA and preserves the ECA as a possible collateral 
for retinal and cerebral perfusion. 

Table 4  | Review of literature concerning patency of ECA following CEA
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Archie et al 9 211 NS NS NS BE 6 >150 cm/s 1.0% 0%

Archie et al 12 973 64% 56% 66 BE 36 >150 cm/s 40.0% 0.9%

Ascer et al 13 104 64% 67% 72 TR 20 >150 cm/s 19.0% 0%

Ascher et al 14 905 30% NS 74 TR 18 >125 cm/s 7.0% 0.2%

Abbas et al 22 255 100% 56% 72 NS 36 NS 3.5% 1.6%

Reichmann et al* 660 82% 68% 67 BE 24 >125 cm/s 34.2% 2.6%

Abbreviations; NS: not stated; BE: Blind endarterectomy; TR: Transection of plaque at orifice of ECA. * 
Current study
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Abstract

Objective
To study the patency of the ipsilateral External Carotid Artery (ECA) following carotid
revascularization.

Materials and Methods
All patients randomised to CAS or CEA in the International Carotid Stenting Study 
(ICSS; ISRCTN25337470) in our center were included. Peak systolic velocities (PSV) 
were assessed with duplex ultrasound (DUS) at baseline, at 30 days and at 12 and 24 
months after treatment. Primary outcome measure was the change in blood flow 
velocities in the ECA (ΔPSV). The prevalence of occlusion in the ipsilateral ECA during 
follow-up was also studied.

Results
Of 270 patients enrolled in ICSS at our center, 224 patients (mean age, 68.8 years; 154 
males) were included in the present study (116 CAS, 108 CEA). Baseline PSV in the 
ipsilateral ECA was similar between the groups. Following CAS, PSV gradually 
increased during follow-up, whereas PSV remained stable after CEA; mean difference 
of PSV between CAS and CEA: 23 cm/s (95% CI, -5 to 52), 58 cm/s (95% CI, 27 to 89), 
and 69 cm/s (95% CI, 31 to 107) at 30 days, 12 months, and 24 months. One new ECA 
occlusion occurred after CAS and two after CEA.

Conclusion
As measured with DUS, blood flow velocities in the ipsilateral ECA appear to increase
significantly after CAS but not after CEA. However, progression of this apparent 
stenosis did not lead to a higher rate of ECA occlusion during the first two years after 
revascularization. 
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Introduction

Carotid Angioplasty and Stenting (CAS) has been considered as an alternative to 
Carotid Endarterectomy (CEA) in the treatment of carotid artery disease 1. In addition 
to inferior 30-day outcome regarding stroke and death rates following CAS as 
compared with CEA 2, recurrent stenosis and its management are reported 
disadvantages of stenting. Other possible disadvantages might be the covering of the 
orifice of the external carotid artery (ECA), or leaving the stenosis at the ECA origin 
untreated with stenting as compared with optional ECA desobstruction during CEA. 
In many CAS cases, the stent is placed from the internal carotid artery (ICA), extending 
into the common carotid artery (CCA) thereby covering the origin of the ECA. If the 
patency of the ECA is more compromised following CAS compared to CEA, this 
observation could be a further argument against carotid artery stenting. Progression 
of disease in the ECA due to treatment of a stenotic ICA lesion during CAS or CEA 
could, if the ICA subsequently occludes, jeopardize collateral blood flow, especially in 
patients with an incomplete circle of Willis 3-6. In contrast to the ICA, evaluation of 
development of ECA stenosis has been reported rarely 7-9. As far as we know, only two 
(non-randomized) studies have been published so far concerning the effect of carotid 
stent placement on the ipsilateral ECA immediately after the procedure and during 
follow-up 8, 10. These studies report restenosis rates of 38-65% after two years of follow-
up. The fate of the ipsilateral ECA following CEA has been investigated with 7 and 
without 9 additional  endarterectomy of the ECA. Restenosis rates with blind 
endarterectomy of the ECA were reported as 40% after two years of follow-up and 
only 7% without endarterectomy of the ECA. 
In the present study, it was our objective to analyse the natural pattern of changes 
in blood flow velocities in the ipsi- and contralateral ECA following either CAS or 
CEA within a cohort of the randomised controlled International Carotid Stenting 
Study (ICSS).

Methods

Patients
All patients in the present study are participants in the International Carotid Stenting 
Study (ICSS; ISRCTN25337470) at the University Medical Center Utrecht, the 
Netherlands, enrolled between September 2003 and October 2008. ICSS is an 
international, multicenter, randomized, controlled, open, clinical trial, comparing the 
risks, benefits, and cost-effectiveness of CAS and CEA in patients with a recently 
symptomatic ICA stenosis ≥50%. Patient criteria, randomization, and the results of an 
interim safety analysis have been described elsewhere 2, 11. Baseline demographic, 
clinical, and carotid imaging data were collected as part of ICSS.  Randomization in 
ICSS was stratified by center with minimization for sex, age, contralateral occlusion, 
and side of the randomized artery. The degree of carotid stenosis was assessed by DUS 
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in all patients and confirmed with either CT angiography (CTA) or MR angiography 
(MRA) prior to enrolment.

Carotid Endarterectomy procedure
A vascular surgeon who had been approved by the Credentials Committee performed 
CEA. Shunts or patches were selectively used as required by the operating surgeon. 
In our vascular center, endarterectomy of the ICA was performed using a longitudinal 
arteriotomy with standard eversion endarterectomy of the ECA. Premedication 
(aspirin, statin, dipyridamol) was started prior to the procedure at the outpatient clinic 
and continued indefinitely during follow-up.

Carotid Angioplasty and Stenting procedure
A designated interventionalist performed CAS with percutaneous transluminal 
interventional techniques using a femoral access. The type of stent and use of a cerebral 
protection device (CPD) were applied at the discretion of the interventionalist. 
Premedication (combination of aspirin, clopidogrel, and statin) was prescribed at a 
minimum three days prior to stenting to cover the period of stenting and clopidogrel 
was prescribed for a minimum of 12 weeks afterwards. Aspirin and statin were 
continued indefinitely. When the stent was proximately placed in the CCA and 
extended in the ICA, the ECA was considered “overstented”.

Duplex Ultrasound Scanning
DUS of the ipsilateral and contralateral carotid arteries was performed in a single 
vascular laboratory before randomization and at one month and one and two years 
after treatment (HP/Agilent, Sonos 2500 or 4500, Andover, USA). At each time point 
the ipsilateral and contralateral PSV of ICA (PSVICA), ECA (PSVECA) and CCA (PSVCCA) 
were recorded. The DUS criteria for the ICA used in our vascular laboratory are based 
on the modified Strandness criteria: (mild stenosis, <50%  [PSV < 125cm/s); moderate 
stenosis, 50% to 69% [PSV >125-230cm/s], significant stenosis, 70% to 99% [PSV 
>230cm/s] and occlusion) 12. A peak systolic velocity >125cm/s was used as a cut-off 
point for an apparent stenosis greater than 50% in the ECA in both CAS and CEA 13. 

Follow-up
For the present analysis and according to ICSS protocol, all patients were evaluated 
by an independent neurologist and vascular surgeon, receiving clinical review and 
DUS prior to treatment and during follow-up of at least 24 months.

Outcome measures
Our primary outcome measure was the natural pattern of changes in blood flow 
velocities reflected by the change of PSV in the ECA following carotid revascularization. 
Secondary outcome measures were the development of an apparent ECA stenosis to 
a degree of  > 50% during follow-up and progression of ECA stenosis to occlusion.
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Statistical analysis
We compared mean differences (MD) between treatment groups in the changes in 
PSV with a t-test for Equality of Means, and performed actuarial survival analysis with 
Kaplan-Meier life tables for the occurrence of ≥50% restenosis. Cox regression analysis 
was performed to calculate Hazard Ratios. Effect estimates are accompanied by 
corresponding 95% confidence intervals (CI). A p-value of < 0.05 was considered 
statistically significant for all analyses. Statistical analysis was performed using SPSS 
version 18  (SPSS Inc, Chicago Illinois, USA).  

Results

Patients and follow-up
A total of 270 patients were enrolled in ICSS at our center, of whom 136 were 
randomized to CAS and 134 to CEA. Forty-six patients were excluded from the present 
study due to the following reasons: incomplete pre-interventional DUS (N=32); ICA 
occlusion prior to revascularization (N=7); death between randomization and actual 
revascularization (N=3); or no intervention performed because of recent myocardial 
infarction (N=4). Therefore, in total 116 CAS and 108 CEA patients remained for 
analysis in the present sub study (69% male). There were no significant differences in 
baseline characteristics between the two groups (Table 1). During follow-up all 224 
patients completed follow-up at 30 days. Hundred and eleven patients randomized 
to CAS and 102 randomized to CEA had DUS at one year, and 107 vs. 95 at two years. 
During the period of follow-up, 11 patients had died, 2 were lost to follow-up, and 9 
were unable to reach the hospital for DUS due to severe comorbidity (Figure 1).

Peak systolic velocities
Prior to intervention the PSV ECA in both groups was similar, 161.7 cm/s (CAS) vs. 
150.9 cm/s (CEA). During a two-year follow-up, PSV increased following CAS, while 
the PSV following CEA remained relatively unchanged (Table 2; figure 2).  The 
differences in PSV were statistically significant at all follow-up points. The same analysis 
was done on the contralateral (non-treated) side. On the contralateral side the pre-
interventional PSV was similar as well, 141.1 cm/s (CAS) vs. 148.2 cm/s (CEA). There 
was a minor progression of PSV during follow-up in both groups (table 2). When we 
adjusted for baseline differences in PSV between CAS and CEA there still was a 
significant increase in ΔPSV following CAS after 1 and 2 years of follow-up (table 3).

Prevalence of apparent >50% stenosis
The prevalence of apparent stenosis ≥50% of the ipsilateral ECA following both 
procedures (with our predefined cut-off point of PSV >125cm/s) during follow-up is 
shown in figure 3A. There was no significant difference between the prevalence of 
apparent stenosis between both procedures (HR 1.31 [95% CI: 0.96-1.79]). This 
analysis included patients with a PSV ECA >125cm/s at baseline. 
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In fact it would be more fair to look at truly new stenosis to evaluate the effect of the 
individual treatment on the progression of stenosis. After exclusion of patients with 
a pre-procedural PSV ECA >125cm/s, 110 patients remained for analysis (56 CAS and 
54 CEA). The prevalence of “truly new” cases with a PSV ECA exceeding >125cm/s in 
the ipsilateral ECA (figure 3B) also did not differ between the two groups (HR 1.16 
[95% CI: 0.71-1.89]).
In the CAS group the majority of carotid bifurcations was overstented (90 of 116; 78%). 
There was no increase in the prevalence of apparent stenosis of  ≥50% in patients 
where the ECA was overstented (figure 3C).  

Occlusion
The occlusion rate was similar following both procedures (CAS vs. CEA); 0 vs. 1 (0.9%) 
at 30 days, 0 vs. 2 (1.9%) and 1 (0.9%) vs. 2 (1.9%) after 1 and 2 years of follow-up.

Table 1  | Baseline characteristics

Patient characteristics CEA CAS

N 108 116

Male 74 (68.5) 80 (69.0)

Age (range) 69.1 (44-88) 68.6 (47-84)

Side treated Left 49 (45.4) 55 (47.4)

Symptoms at presentation Retinal infarction 2 (1.9) 4 (3.5)

TIA 44 (40.7) 49 (42.2)

Amaurosis fugax 34 (31.5) 28 (24.1)

Ischemic stroke 28 (25.9) 35 (30.2)

Ipsilateral degree of stenosis 50-69% 11 (10.2) 10 (8.6)

70-99% 97 (89.8) 106 (91.4)

Contralateral degree of stenosis 0-49% 69 (63.9) 68 (58.6)

50-69% 11 (10.2) 17 (14.7)

70-99% 19 (17.6) 26 (22.4)

Occlusion 9 (8.3) 5 (4.3)

Diabetes Mellitus 21 (19.4) 21 (18.1)

Treated hypertension 70 (64.8) 77 (66.4)

Treated hyperlipidemia 80 (74.1) 79 (68.1)

Myocardial infarction 20 (18.5) 17 (14.7)

Atrial Fibrillation 6 (5.6) 5 (4.3)

Previous CABG 17 (15.7) 12 (10.3)

(History of) Smoking 91 (84.3) 98 (84.5)

Results are n and (%), unless indicated otherwise
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Table 2  | PSV(mean) ECA (cm/s) - baseline ipsi-/contralateral, CAS vs. CEA 

Mean PSV ECA (cm/s) Ipsilateral side

Randomization N Mean (SD) Mean diff.
(CAS-CEA)

95% CI

Pre-intervention CAS 116 161.7 (94.1) 10.8 (-13.5 – 35.1)

CEA 108 150.9 (89.9)

30 days follow-up CAS 116 175.9 (114.3) 34.2 (7.4 – 61.1)*

CEA 108 141.7 (86.6)

1 year follow-up CAS 111 206.7 (122.9) 60.3 (32.1 – 88.4)*

CEA 102 146.4 (79.1)

2 years follow-up CAS 107 216.4 (142.5) 71.4 (38.2 – 104.6)*

CEA 95 145.0 (85.1)

Mean PSV ECA (cm/s) Contralateral side

Randomization N Mean (SD) Mean diff.
(CAS-CEA)

95% CI

Pre-intervention CAS 116 141.1 (86.9) -7.1 (-29.7 – 15.5)

CEA 108 148.2 (84.6)

30 days follow-up CAS 116 142.6 (90.2) -0.6 (-22.4 – 21.2)

CEA 103 143.2 (70.6)

1 year follow-up CAS 111 146.9 (90.0) -8.3 (-31.8 – 15.1)

CEA 101 155.2 (82.5)

2 years follow-up CAS 107 154.0 (101) -6.1 (-31.3 – 19.2)

CEA 95 160.1 77.8)

* p<0.05

Figure 2  |  PSV ECA ipsi-/contralateral, CAS vs. CEA
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Table 3  | PSV(mean) ECA (cm/s) - baseline ipsi-/contralateral, CAS vs. CEA  

PSV(mean) ECA (cm/s) - baseline Ipsilateral side

Randomization N ΔPSV(mean) Mean diff.
(CAS-CEA)

95% CI

Pre-intervention CAS 116 N/A N/A N/A

CEA 108 N/A

30 days follow-up CAS 116 14.2 23.4 (-4.7 – 51.5)

CEA 108 -9.2

1 year follow-up CAS 111 52.4 58.5 (27.4 – 89.2)*

CEA 102 -5.9

2 years follow-up CAS 107 63.2 69.2 (31.8 – 107.5)*

CEA 95 -6.4

PSV(mean) ECA (cm/s) - baseline Ipsilateral side

Randomization N ΔPSV(mean) Mean diff.
(CAS-CEA)

95% CI

Pre-intervention CAS 116 N/A N/A N/A

CEA 108 N/A

30 days follow-up CAS 116 1.5 7.7 (-6.3 – 21.6)

CEA 103 -6.2

1 year follow-up CAS 111 6.5 2.1 (-17.3 – 21.5)

CEA 101 4.4

2 years follow-up CAS 107 18.6 10.5 (-8.9 – 29.8)

CEA 95 8.1

 * p<0.001
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Figure 3A  |  Kaplan-Meier estimates for stenosis 
of the ipsilateral ECA, CAS vs. CEA (N = 224) 
Time schedule, baseline – 30 days - 1 year - 2 years. 
p = 0.07
CAS: 39.7% (baseline) – 44.0% - 58.3% – 69.4%. 
CEA: 26.8% (baseline) – 28.7% - 43.8% – 60.9%. 
Standard error: 
CAS: 4.5% – 4.6% – 4.6% – 4.4%
CEA: 4.3% – 4.6% – 4.8% – 4.9%

Figure 3C  |  Kaplan-Meier estimates for stenosis, 
overstented vs. non-overstented carotid bifurcations 
following CAS (N=116) 
Time schedule, baseline – 30 days - 1 year - 2 years. 
p = 0.28
Overstented: 
37.8% (baseline) – 42.3% - 58.1% – 72.0%.
Non-overstented: 
46.2% (baseline) – 50.0% - 54.2% – 58.7%. 

Figure 3B  |  Kaplan-Meier estimates for truly new 
stenosis of the ipsilateral ECA, CAS vs. CEA (N = 110) 
Time schedule, baseline – 30 days - 1 year - 2 years. 
p = 0.54
CAS: 0.0% (baseline) – 8.9% - 34.9% – 52.7%. 
CEA: 0.0% (baseline) – 3.7% - 28.2% – 46.2%.
Standard error: 
CAS: 0% – 3.8% – 6.3% – 6.8%
CEA: 0% – 2.6% – 6.2% – 7.2% 
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Discussion

In our current analysis a significant increase of blood flow velocities in the ECA was 
observed in patients who were treated by CAS as opposed to patients treated by CEA. 
This apparent progression of stenosis however, did not lead to a higher rate of ECA 
occlusion, even in patients with overstenting of the carotid bifurcation and thereby 
covering the orifice of the ECA.
Whether or not, and to what extent the ECA has a relevant contribution to cerebral 
perfusion is still not clear. However, the ECA might remain an important collateral in 
cerebral perfusion, especially in the presence of occlusion or severe stenosis of the 
ICA 6, 14, 15. Even in patients with a limited collateral supply focal brain regions might 
strongly depend on the contribution to cerebral perfusion of the ipsilateral ECA 5. In 
60% of patients filling of anterior and/or middle cerebral artery by the ECA collateral 
pathway in case of an occlusion or severe stenosis of the ipsilateral ICA was noted. 
Preserving this pathway might therefore be very important in patients undergoing 
carotid revascularization, especially with the risk of recurrent stenosis or occlusion of 
the ipsilateral ICA after carotid revascularization. The clinical impact however, remains 
unclear 16, 17.
To our knowledge no other randomized study of stenting versus endarterectomy has 
analyzed the fate of the ECA after carotid revascularization. Our current results are in 
harmony with previous non-randomized studies on ECA patency following CAS 
showing a higher rate of ipsilateral ECA stenosis compared with the contralateral side, 
along with a low ECA occlusion rate 10. There are limited data on the effect of stent 
placement from the CCA extending into the ICA thereby covering the ECA orifice 
concerning influence on ECA patency. However, in contrast to our previous 
retrospective observation, progression of stenotic disease in patients with overstented 
ECA was not more pronounced in our current analysis 10. One group also concluded 
that concern for ECA coverage should not deter stent extension from the ICA to the 
CCA during CAS 18.  They described two new ECA occlusions after CAS and none after 
CEA. Both ECA occlusions did not have neurological sequelae. The results from this 
retrospective analysis are in line with our prospective, randomised observations. 
Covering of the ECA orifice might be an explanation for the more predominant 
progression of stenotic disease and the increase in PSV during follow-up after CAS. 
A possible explanation for this phenomenon is the hypothesis that plaque from the 
stenotic lesion at the carotid bifurcation is pushed in the ECA by the device covering 
the orifice. This increase in plaque mass could influence flow velocities and rate of 
stenosis measured by DUS immediately after CAS but does not explain the gradual 
increase over time. The type of stent used could also play a role, especially pore size 
of the mesh used could cause turbulence and thereby influencing DUS detected 
velocity measurements in the ECA.  In our previous retrospective analysis we could 
not show a relationship between the type of stent that was used and the progression 
of stenosis 10. It has to be noted that the number of patients in this study was too small 
to accurately analyze the relationship between type of stent used and progression of 
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stenosis. Therefore, the theoretical differential effect of mesh sizes of individual stent 
types, resulting in different hemodynamic properties and their effect on flow velocities 
and branch patency remains speculative.
In surgery, eversion endarterectomy of the ECA might preserve the collateral 
pathway in case of a recurrent stenosis of the ICA and some studies recommend 
this approach 19, 20. Other authors concluded that endarterectomy of the ECA during 
CEA does not result in significantly lower ECA stenosis or occlusion rates during 
follow-up 7, 21, 22. By eversion endarterectomy the lumen of the ECA is (partially) 
desobstructed.  Despite of ECA endarterectomy, approximately 30% of the patients 
still reveal a PSV exceeding 125 cm/s on DUS at 30 days after surgery. Moreover, during 
further follow up, approximately 46% show a truly new progression of PSV 
(preoperative PSV <125cm/s) exceeding 125 cm/s of the ECA after two years. A 
possible explanation could be neo-intimal hyperplasia or thrombus forming at the 
site of the eversion endarterectomy of the ECA origin, as well as residual distal ECA 
plaque, which was not resected during (semi-blind) endarterectomy of the ECA.    
For grading ECA stenosis by DUS, some authors found the peak systolic flow ratio 
ECA/CCA to be superior compared with PSV or end-diastolic velocities (EDV ECA) 23. 
In addition, ICA stenosis was often accompanied by a false increase in ECA flow ratio 
in the normal ECA, and it was assumed that the same applied to the stenotic ECA. 
This would indicate overestimation of the ECA stenosis severity with DUS before 
treatment of high-grade ICA stenoses, followed by a feigned drop in number of ECA 
stenoses of 50% or greater at day 1 after treatment. Furthermore, when endarterectomy 
relieves bifurcation stenosis, CCA blood flow is redistributed preferentially to the ICA 
at the expense of ECA flow, consistent with a change in the relative resistances of the 
two vessels resulting from operative reconstruction 24. Resistance in the ICA is relieved 
and therefore flow increases through the ICA. Because of the increase in flow in the 
ICA, the ECA flow will consequently decrease. Another group also found this same 
reduction in ECA blood flow (55% to 44%) after CEA because of an increase in flow 
in the ICA 3. This redistribution of flow also occurs following CAS and therefore did 
not affect our analysis.

Study limitations
A limitation of this study is accurately grading the degree of stenosis of the ECA based 
on duplex flow velocities. There is still no consensus on whether flow velocities in an 
overstented ECA correspond to flow velocities in an ECA following endarterectomy. 
Due to the lack of well-defined and generally accepted duplex criteria for grading 
stenosis in the ECA, especially in stented arteries, we used the very same and 
predefined cut-off point to compare both procedures. This cut-off is arbitrary but to 
our opinion can be used to study the natural pattern of changes in blood flow velocities 
following carotid revascularization. Whether this increase in PSV reflects an actual 
increase in degree of stenosis can only be stated when validated duplex criteria in the 
ECA are defined. Different stent types could also result in different hemodynamic 
properties and therefore their indirect effect on flow velocities and branch patency 
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remains speculative. Our sample size was too small to accurately analyze the 
relationship between type of stent used and progression of stenosis.
Both procedures were performed in a single institution. Results of the patency of the 
ECA have to be awaited in ICSS as a whole.  

Conclusion

Within this randomized study, the increase in blood flow velocities in the ECA was 
significantly higher following CAS as compared with CEA during a follow-up of at 
least 2 years. This increase in apparent stenosis however, did not lead to a higher 
occlusion rate of the ipsilateral ECA. CAS is not inferior to CEA in preserving the ECA 
as a possible collateral pathway for cerebral blood supply. 
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Summary 

This thesis consists of various clinical studies concerning the fate of the internal and 
external carotid artery following carotid revascularization. 
Chapter 1 is a general introduction to different aspects of carotid revascularization. 
What are the symptoms that affect patients with carotid occlusive disease and can 
these symptoms be related to certain plaque characteristics? There are several imaging 
modalities addressed which all have their own aspects, advantages and disadvantages. 
The primary goal of these radiological modalities should be aiding the clinician in 
identifying the type and location of the lesion and whether this lesion can be associated 
with the current symptoms of the patient. When the patient is symptomatic and a 
stenotic lesion is found in the carotid artery, what are the treatment options and which 
of these therapies is the treatment of choice? Two different treatments are discussed 
in the general introduction; the Carotid Endarterectomy (CEA) and Carotid Angioplasty 
and Stenting. Recent large randomized controlled trials have shown that CEA remains 
the gold standard in most patients in terms of peri-procedural stroke prevention.  
Following CAS these trials observed higher rates of myocardial infarction, stroke and 
death. There were however certain subgroups of patients, for example younger patients 
or patients with severe comorbidity in which CAS could be equally effective and safe 
as compared to CEA. 

Part I  |  The Internal Carotid Artery (ICA)

With the increased mean life expectancy over time, the elderly will become an 
increasing part of everyday practice for clinicians. Several large trials comparing CAS 
and CEA have excluded patients with an age over 80. These patients are presumed to 
be more at risk for complications and are therefore excluded from being randomized 
in these large trials. Chapter 2 discusses whether the elderly are more at risk for 
complications following carotid revascularization and if they always should be regarded 
as “high-risk” patients. The current literature on carotid revascularization in the very 
elderly was reviewed and a total of 2.963 CAS patients and 14.365 CEA patients with 
an age >80 years were reviewed. We concluded that even the very elderly benefit from 
carotid surgery. Major adverse event (myocardial infarction, stroke and death,) rates 
after CEA in octogenarians (4.2% [range 0 – 8.8%]) are comparable with the results 
of large randomized trials in younger patients. Higher complication rates are described 
for CAS in octogenarians (6.9% [range 1.6 - 24.0%]). In general, we concluded that 



147

11

CHAPTER 11  |   SUMMARY AND GENERAL DISCUSSION

an age  > 80 years is not an absolute cut off point to exclude patients from carotid 
surgery. In our opinion, CEA should remain the golden standard in the treatment of 
significant carotid artery stenoses, even in the very elderly.
In chapter 2 we reviewed complication rates following CEA and CAS in the very 
elderly. We observed that complication rates were higher following CAS. In order to 
find an explanation for this increase in complications following CAS we analyzed 
plaque characteristics of plaques obtained at CEA in Chapter 3. In total 1385 carotid 
plaques were harvested and analyzed. In order to analyze whether patients from 
different age groups have different plaque composition, patients were divided in 4 
groups by age: <60, 60-69, 70-79 and ≥80 years. We observed that increasing age was 
associated with a decrease in the amount of smooth muscle cells and more plaques 
with large atheroma and heavy plaque calcifications were observed among elderly 
patients. Every 10-year increase in age was associated with an adjusted regression 
coefficient for SMCs of -0.146 (SE 0.024), and with adjusted odds ratios of 1.27 (1.07-
1.50) and 1.36 (1.16-1.58) for large lipid cores and moderate to heavy plaque 
calcifications, respectively. After correction of baseline differences, risk factors and 
medication use, age was independently associated with a more vulnerable plaque. 
This increased vulnerability of the plaque could be the explanation for the higher 
rate of complications in the elderly following CAS. When stent placement in the 
carotid artery is performed in patients with more vulnerable plaques, the risk on 
thrombo-embolic complications is higher compared to patients with more stable 
plaque. Besides more vulnerable plaques, we also observed more plaques with 
moderate to heavy plaque calcifications. This could impede proper stent placement 
due to the inability of the stent to expand adequately and therefore limit the technical 
success rate of CAS. 1, 2 The aspect of improper deployment and expansion of the stent 
provides an additional ground to be cautious with CAS in elderly.
A major issue in the treatment of carotid occlusive disease should be the patency of 
the revascularised segment. In order to regard a treatment as successful, it has to be 
performed with low complication rates and a high patency ensuring long-term 
results. Both CAS and CEA have been described to have good patency rates but 
restenosis rates following CAS have been reported higher compared to CEA. 3-6 
Chapter 4 describes various aspects of restenosis following CEA and the treatment 
of these restenotic lesions. Some etiological factors of the development of recurrent 
stenosis obviously can be influenced by the patient and treating physician (e.g. 
smoking, hypercholesterolemia and hypertension). Antiplatelet therapies as well as 
statins have proven to be important in the prevention of secondary stroke. 7, 8  
The surgical technique used during CEA can also influence the recurrence of stenosis.  
There is no significant evidence on differences in restenosis rates following standard 
or eversion endarterectomy. 9 The use of a patch has been shown to reduce the 
incidence of recurrent stenosis, especially in women, although not all patients benefit 
from these procedures to the same degree. Selection of patch material is also 
controversial, with supporters for vein patch (saphenous or cervical vein), bovine or 
synthetic materials (polytetrafluoroethylene [PTFE] or Dacron). A Cochrane review, 
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comparing different carotid patch types, did not provide significant evidence in favor 
of prosthetic or venous patches. 10, 11 The optimal treatment of carotid restenosis has 
yet to defined. Both redo surgery and carotid angioplasty with stenting for recurrent 
carotid stenosis has been described separately with excellent results but randomized 
data is not available. 12-15

Chapter 5 describes changes in duplex measured blood flow velocities following 
carotid revascularization. For this study we used patients included in the International 
Carotid Stenting Study (ICSS), an international randomized controlled trial that 
compares outcome following CAS and CEA in symptomatic patients. In total, 254 
patients (70% male; 129 CAS, 125 CEA) were included. Mean Peak Systolic Velocities 
(PSV) were assessed at baseline, 30 days, 12 and 24 months. CAS and CEA resulted 
in a similar reduction in PSV at one month after treatment (-277.6 cm/s following 
CAS and -258.2 cm/s following CEA). Post intervention analysis for each treatment 
separately, revealed that PSV following CAS increased significantly during follow-up 
(2 years – 30 days; 22.4 cm/s; 95% CI, 14.3 - 30.5). On the contrary, PSV following 
CEA remained relatively stable during follow-up; (4.7 cm/s; 95% CI, -6.5 - 15.9).  No 
significant interprocedural difference during follow-up was observed. The ICA/CCA 
duplex ratio increased after CAS but not after CEA: 1.2 vs. 1.1 (0.04, 95% CI; -0.16 - 
0.25) at 30 days; 1.5 vs. 1.1 (0.39, 95% CI; 0.13 - 0.65) at 12; and 1.5 vs. 1.1  (0.36; 95% 
CI, 0.08 - 0.63) at 24 months. The rate of apparent ipsilateral ICA restenosis  >50% 
was higher following CAS (Hazard ratio 2.35; 95% CI, 1.35 – 4.09). We concluded that 
there is no significant difference in changes in flow velocities following both 
treatments. The rate of apparent restenosis however, appears to be higher following 
CAS. Further research concerning accurately grading in-stent restenosis is needed to 
evaluate ongoing hemodynamic changes and its clinical impact in patients treated by 
CAS for stenotic carotid disease. 
As previously mentioned, CAS has a higher restenosis rate compared to CEA. The 
majority of these recurrent stenotic lesions remain asymptomatic. 6 The optimal 
treatment for treating in-stent restenosis following CAS has yet to be defined. In 
Chapter 6 the option of explantation of a carotid stent during carotid endarterectomy 
is described. A total of fifteen patients were treated for symptomatic or hemodynamically 
significant in-stent restenosis by explantation of the stent. All stents could be removed 
in toto without additional procedures to obtain cephalad control of the ICA (e.g. jaw 
luxation). The average operating time was 161 minutes, which was comparable to 
other redo CEA procedures in the contributing hospitals. One patient had a 
perioperative stroke but recovered without persisting neurological symptoms within 
24 hours. Two patients had to be re-operated because of rebleeding resulting in large 
post-operational neck hematoma. These two patients underwent CEA at 25 and 90 
days after CAS. Both patients were on maximum dual antiplatelet therapy, which was 
continued peri - operatively. After analysis of our fifteen cases we concluded that CEA 
with stent explantation for ISR after CAS seems an effective and durable therapeutic 
option, albeit with potential cerebral and bleeding complications. 
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Part II  |  The External Carotid Artery (ECA)

The external carotid artery can be an important collateral for retinal and cerebral blood 
flow, especially in patients with an incomplete circle of Willis or ipsilateral ICA 
occlusion. Most high-grade arteriosclerotic lesions are located at the carotid bifurcation, 
usually at the distal common carotid artery (CCA) and the proximal internal carotid 
artery (ICA), and frequently the ECA is also involved. In many cases stents are placed 
from the ICA, extending into the CCA thereby covering the ECA origin. Covering the 
orifice of the ECA might limit the patency of the ECA and therefore restrict collateral 
blood flow. The patency of the ECA following CAS was studied in Chapter 7. The 
pre- and postprocedural duplex data of 312 patients was included in the analysis. 
Seventy patients were treated for symptomatic stenosis and 242 patients were treated 
by CAS in the work-up for cardiothoracic surgery. The progression of stenotic disease 
in the ipsilateral ECA was compared to the contralateral ECA. After stenting 5 (1.8%) 
occlusions were seen versus 1% contralateral. No additional ipsilateral occlusions and 
2 additional contralateral occlusions were noted at extended follow-up. The prevalence 
of ≥ 50% stenosis of the ipsilateral ECA (Kaplan-Meier estimates) progressed from 
49.1% at 3, to 74% at 12 and 60 months respectively. Contralateral prevalences were 
31.3%, to 47.2% respectively (p < 0.001). Progression of stenosis was more pronounced 
in 234 patients (75%) with overstenting of the carotid bifurcation (p = 0.004).  
When the ipsilateral ICA is occluded but patient still suffer from symptoms there is 
evidence that selective endarterectomy of the ECA could correct cerebral hypoperfusion 
and eliminate a source of emboli. In Chapter 8 we studied the operative results and 
long-term benefit of selective ECA endarterectomy in a group of 27 consecutive 
patients treated in our vascular referral center. Presenting symptoms included ischemic 
stroke (n=4, 14.8%), hemispheric TIA (n=8, 29.6%) or ocular symptoms (n=12, 44.4%), 
consisting of amaurosis fugax (AFX) or the syndrome of chronic ocular ischemia 
(SCOI, e.g. blurred vision and progressive visual loss). 16 Three patients (11.1%) 
presented with both ocular symptoms and hemispheric TIA’s. The technical success 
rate of the operation was 96%; in one patient the ECA was found to be occluded at 
the time of surgery. One patient suffered a disabling ischemic stroke following surgery, 
caused by uncontrollable hypotension during and following surgery. Two patients had 
(transient) cranial nerve damage and one patient had to be re-operated due to 
rebleeding. During follow-up 87% of patients remained free of recurrent symptoms. 
The patency of the revascularised ECA was 87%, two patients had asymptomatic 
restenosis >50% and one patient with recurrent amaurosis fugax proved to have a 
restenosis. We concluded that selective desobstruction of the ECA in patients with a 
symptomatic ICA occlusion and a high-grade ECA stenosis is a safe and durable option 
in selective patients.  
Chapter 9 describes our results on restenosis rates of the ECA following standardized 
eversion endarterectomy of the ECA during routine CEA. In 660 patients pre- and 
postoperative duplex data on the ECA was available to evaluate the patency of the 
ECA. Of these patients with an average age of 66.5 years, 68% were male and 83% 



PART III  |   SUMMARY AND GENERAL DISCUSSION

150

were treated because of symptomatic carotid lesions. During follow up, restenosis 
rates of the ECA were 30%, 29.1% and 34.2% at 3 months, 1 year and 2 years of 
follow-up respectively. Occlusions rates during follow-up were 1.4%, 2.1% and 2.6%. 
In a subgroup of patients without significant stenosis at baseline (N=392) restenosis 
rate were 25.3%, 22.2% and 26.5% and occlusion rates were 2.0%, 2.6% and 3.1%. 
Survival analysis in this subgroup showed a restenosis free survival of 82.5%, 77.7% 
and 72.7% respectively during follow-up. Standardized eversion endarterectomy is a 
safe and durable option in the management of ECA stenosis during routine CEA. A 
low occlusion rate is observed during follow-up and a possible source of emboli to 
the ICA is removed during eversion endarterectomy of the origo of the ECA. 
In Chapter 7 we analyzed the patency of the ECA following CAS. We concluded that 
a higher prevalence of ipsilateral restenosis >50% was seen compared to the 
contralateral ECA. These results were obtained from a prospective database and 
analyzed retrospectively. In order to study the patency of the ECA in a randomized 
cohort, we compared duplex measured flow velocities in the ECA following both CAS 
and CEA in Chapter 10. In total 224 patients were included in this ICSS substudy 
(116 CAS and 108 CEA). Peak systolic velocities (PSV) were assessed with duplex 
ultrasound (DUS) at baseline, at 30 days and at 12 and 24 months after treatment. 
Primary outcome measure was the change in blood flow velocities in the ECA  (ΔPSV). 
Following CAS, PSV gradually increased during follow-up, whereas PSV remained 
stable after CEA; mean difference of PSV between CAS and CEA: 23 cm/s (95% CI, 
-5 to 52), 58 cm/s (95% CI, 27 to 89), and 69 cm/s (95% CI, 31 to 107) at 30 days, 12 
months, and 24 months. One new ECA occlusion occurred after CAS and two after 
CEA. There was no significant difference between the prevalence of apparent stenosis 
between both procedures (HR 1.31 [95% CI: 0.96-1.79]). This analysis included 
patients with a PSV ECA >125cm/s at baseline. The prevalence of “truly new” cases 
(excluding patients with PSV exceeding 125cm/s at baseline) also did not differ 
between the two groups (HR 1.16 [95% CI: 0.71-1.89]). In the CAS group the majority 
of carotid bifurcations was overstented (90 of 116; 78%). There was no increase in the 
prevalence of apparent stenosis of ≥50% in patients where the ECA was overstented. 
Within this randomized study, the increase in blood flow velocities in the ECA was 
significantly higher following CAS as compared with CEA during a follow-up of at 
least 2 years. This increase in apparent stenosis however, did not lead to a higher 
occlusion rate of the ipsilateral ECA.
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General discussion

In this thesis the effect of both CAS and CEA on hemodynamics and restenosis of the 
treated carotid artery have been described in several studies. CEA has been, and still 
remains, the gold standard in the treatment of symptomatic stenotic lesions. The 
technique of carotid endarterectomy has remained relatively unchanged during the 
last decades. It seems that current monitoring, materials, technique and medication 
regimens have reached their optimum and further advances are limited. This heralded 
the need for new, minimally invasive procedures as a possible alternative to surgery. 
Carotid Angioplasty and Stenting could provide this alternative but the exact 
indications and subgroups of patients who will benefit the most from CAS have yet 
to be defined. In contrast to CEA, technical advances as well as innovations in stent 
design and stent delivery systems are abundant. Therefore it remains challenging to 
accurately compare both procedures because CAS is constantly subjected to 
innovations and therefore recent studies might quickly be out-dated. Following this 
thesis several questions remain: 
1) Which patients benefit from CAS?
2) How to accurately grade in-stent restenosis?
3) Future perspectives in the treatment of stenotic carotid lesions

Indications for Carotid Angioplasty and Stenting
“To stent or not to stent”, it remains an important question in the treatment of stenotic 
carotid lesions. Despite of several large randomized trials that showed that CEA 
remains the treatment of choice, some authors still questioned the inferiority of CAS. 
Most vascular surgeons consider long lesions, lesions with circular calcification and 
type III aortic arches a contraindication for CAS due to the increased complication 
risk. 17 The specific lesions are can be treated by CAS albeit with al lower technical 
success rates and an increased risk on thrombo-embolic complications. As previously 
mentioned, pooled data of large randomized controlled trials showed an increased 
complication rate following CAS, especially in patients >70 years. 18-20 These trials 
provided us with clear evidence in randomized cohorts and should not be discarded. 
Some supporters of CAS however still questioned these results despite of large patient 
cohorts and statistically significant results. A major issue in their argument was the 
experience of contributing physicians in these trials; the results of experienced 
surgeons (>50 prior CEA procedures) were compared to the results of interventionists 
that perform a minimum of 10 carotid interventions per year. This difference in 
experience could create a discrepancy and bias in reported results. High-volume, 
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highly experienced centres, report excellent results on CAS with complication and 
restenosis rates comparable to CEA. Literature also suggests that with increasing 
experience in CAS, complication rates decrease. 21 It could therefore be recommended 
to adjust participating centre requirements in upcoming trials in order to eliminate 
bias concerning the experience of the treating physician. Only with this adjustment, 
an accurate comparison can be made between CAS and CEA. 
The question remains which patients should be considered for CAS? Certain specific 
subgroups of patients, like young symptomatic male patients, could benefit equally 
from CAS or CEA and to the opinion of the author of this thesis should be offered 
the choice of CAS. However, unlike CEA, long-term data on patency following CAS 
is limited. When properly indicated to the risks and benefits of CAS and CEA, these 
younger patients should be considered for and offered CAS when the treatment of a 
symptomatic lesion in the carotid bifurcation is deemed indispensible due to a high 
risk on recurrent stroke. 
Another subgroup of patients eligible for CAS consists of patients who are very 
reluctant to undergo surgery in general. For these patients minimal invasive procedures 
like CAS could be far more appealing than CEA. Again, risks and benefits of both 
procedures have to be pointed out comprehensively to the patient before CAS can be 
considered an option. The patient has to accept the fact that the chance on a peri-
procedural ipsilateral stroke is higher during CAS. 
The subgroup who will benefit the most from CAS are patients with high-grade 
symptomatic lesions at the carotid bifurcation who are not eligible for surgery due to 
severe cardiopulmonary comorbidity. These patients are high-risk surgical patients in 
which general anesthesia and respiration is neither a feasible nor a safe option. 
In the case of patients with prior neck surgery, irradiation therapies on the neck or 
anatomical difficulties like high cephalad lesions or a bull-like and inextensible neck, 
CEA might not be a feasible option. Patients with “hostile necks” due to previous 
surgery are more at risk for (transient) cranial nerve damage or rebleeding during 
CEA. Some authors stated that CEA in these patients could be safely performed with 
complication rates comparable to surgery in non-complicated anatomy but literature 
is limited to single center studies. 22 In these patients CAS could provide an excellent 
alternative to CEA because there is no need for dissection in the neck and access is 
obtained through an arterial puncture, usually in the groin. 
Should age be an issue? Often the elderly patients are excluded from trials or carotid 
surgery because they are considered as high-risk patients prone for complications but 
chapter 2 and 3 of this thesis disprove this. Higher complication rates are observed 
following CAS; therefore CEA should remain the gold standard in treating symptomatic 
elderly patients if comorbidity is limited. 
In the previous part of this discussion, indications for CAS in symptomatic patients 
have been described. The optimal treatment for asymptomatic carotid lesions is not 
clear. The ACST-1 trial (CEA versus Best Medical Treatment) showed that successful 
CEA for asymptomatic patients younger than 75 years of age reduces 10-year stroke 
risks. 23 A randomized trial comparing CAS and CEA in asymptomatic patients has 
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not yet been performed. Currently, the ACST-2 trial has been started in randomizing 
asymptomatic patients to CAS or CEA. A total of 5000 patients will be randomized in 
this trial. 24 Results have to be awaited but until then CAS should not be performed 
in asymptomatic patients outside clinical trials. 
To the opinion of the author of this thesis, CAS should not be considered a rival of 
CEA in the treatment of carotid lesions; it provides clinicians with an addition in the 
current spectrum of treatment modalities in the prevention of stroke. Further research 
will affirm CAS as a treatment option and determine which patients benefit most from 
CAS. 

Limitations of duplex ultrasound in grading in-stent restenosis
In chapters 5 and 10 we studied the effect of CAS and CEA on flow velocities in the 
internal and external carotid artery following carotid revascularization. We concluded 
that the rate of apparent restenosis in the ICA as well as in the ECA was higher 
following CAS. Our observations and conclusions are based on duplex measured flow 
velocities in the treated artery. Duplex ultrasound is non-invasive modality to quantify 
restenosis following carotid revascularization. In a stenosed artery, narrowing of the 
lumen results in higher blood flow velocities at that point. Estimating the degree of 
stenosis with DUS is based on this principle. The peak systolic velocity (PSV) is the 
best predictor for the severity of the stenosis. 25 In patients treated with CEA, there is 
a good agreement between grading the severity of carotid stenosis based on the mean 
peak flow velocity (PSV) as measured with DUS, and grading with digital subtraction 
angiography. 26 For CAS, the level of agreement and specific duplex criteria are less 
clear 27. In 2003 a consensus was reached to grade stenosis in the carotid artery based 
on duplex ultrasound criteria. 28 A PSV > 125cm/s was regarded to reflect a stenosis 
of >70%. These same criteria can be used during follow-up after CEA to determine 
the degree of restenosis. When DUS criteria are accurate, patients do not have to be 
subjected to more invasive radiological modalities like CTA or MRA. There is, in 
contrast to DUS after CEA, still no consensus on accurately grading in-stent restenosis 
following CAS. The difficulty regarding DUS cut-off criteria is mainly due to changed 
hemodynamics in the stented artery, impeding the use of current validated DUS 
criteria. The degree of in-stent restenosis might be overestimated when the 
conventional ultrasound criteria are applied. 29 In several reports of flow velocities 
following CAS, the accepted velocity criteria for native carotid arteries classified 
angiographically normal stented arteries as being stenotic, and this discrepancy may 
persist into the follow-up period. Moreover, these studies found relatively increased 
PSV values following CAS in the absence of restenosis, suggesting the PSV threshold 
for detecting in-stent restenosis ≥50% might be higher than 125 cm/sec for restenosis 
detection in the surgically treated carotid 29, 30. 
When a stent is placed in an artery, the stent compresses the plaque against the arterial 
wall. This limits the ability of the artery to expand and contract during systole and 
diastole and the overall biomechanical properties of the artery are changed due to 
this limitation. 31, 32 The arterial wall is less compliant and stent placement causes a 
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compliance mismatch with the proximal and distal non-stented artery segments.  
This mismatch causes wave reflections and increased systolic pressures, which is 
subsequently responsible for a higher peak velocity. Placing a stent can also alter the 
mean proximal diameter of the carotid artery but the amount of increase or decrease 
of the diameter differs with different stent types. When the diameter decreases, the 
proximal end of the stent has higher velocities than the proximal native (unstented) 
artery. 31 Not just the types of stent but also different plaque compositions cause 
differences in hemodynamics in the stented artery. The compliance of the wall is 
limited even further when a plaque is calcified. Timmins et al studied different stent 
types and their behavior with different plaque compositions and they concluded that, 
for a relatively soft, lipid-laden plaque, the more rigid stent design would be preferable 
to implant, as there is not a considerable difference in the stress subjected onto the 
artery compared to the other design and a much larger radial displacement. 
Alternatively, for a rigid, calcified plaque, the more compliant stent design would be 
preferred, as it would still provide sufficient radial support while greatly reducing 
chronic injury to the artery wall. 32 Besides changes in compliance, inadequate sizing 
of a stent can also cause an increase in peak systolic velocities. When a stent is not 
entirely placed over the full length of a lesion, plaque tends to “curl” around the 
proximal and distal edges of the stent, limiting luminal diameter and therefore 
increasing flow velocities.
Several authors have performed diagnostic series on grading in-stent stenosis 
measurements with DUS compared to a reference test (CTA or DSA). In general, the 
cut-off values are higher than those reported for unstented arteries. For example, the 
PSV cut-off value for the diagnosis of a >70% stenosis varied between 300 and 450 
cm/sec. 29, 30, 33-36 In order to validate the use of DUS for in-stent stenosis measurements 
during follow-up after CAS and to determine reliable cut-off criteria for the different 
degrees of stenosis a large study has been started. Nederkoorn et al use data from the 
ICSS trial to correlate DUS with CTA in symptomatic patients following CAS during 
long-term follow-up. 27 The results of this study will be pooled with previously 
mentioned validation data to obtain a large cohort and finally validate DUS criteria 
for grading in-stent restenosis. Validation of these criteria is needed for future research 
and clinical decision making in patients treated with a carotid artery stent. 

Future perspectives
Although CEA today is still considered the gold standard in the treatment of carotid 
stenotic disease, further research will probably indicate certain subgroups of patients 
eligible for CAS. The optimal treatment for carotid lesions has to further evaluated 
through extensive and large-scale studies. Choosing the optimal treatment for each 
individual patient is difficult due to the variety of treatment options given by modern 
day medicine. An adequate selection and detailed risk assessment of patients is 
essential and some future developments and innovations will play an important part 
towards “tailor-made treatment” of carotid lesions:
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Imaging
With the ongoing development of imaging modalities, more characteristics of carotid- 
and cerebral lesions can be visualized with increasing detail. Modalities like ultra 
high-field MRI can show us very high definition images of even the smallest of white 
matter abnormalities. These lesions will give us more insight in the etiology of these 
lesions and whether or not these abnormalities can be related to carotid lesions or 
clinical symptoms. High definition imagines of the carotid plaque can possibly 
differentiate between certain plaque compositions and aid clinicians in the decision 
which treatment option is best suited for that particular patient. A better risk 
assessment can be made when imaging provides us with more detailed information 
on plaque- and anatomical features. With the ultra high-field MRI, it might not be 
necessary to administer contrast agents to visualize the cerebral vasculature. This will 
provide patients with allergies to these contrast agents or a decreased renal function 
with the possibility of getting a MRI without the additional risk on complications 
caused by these contrast agents. 
Positron Emission Tomography (PET) might also be used to characterize carotid 
lesions. In general, fluorodeoxyglucose (FDG) is used during PET scans. This glucose 
analogue is taken up by glucose using cells. FDG is known to accumulate in 
inflammatory lesions, a key feature of atherosclerosis. 37 A pilot study concerning 
FDG-PET scans of carotid lesions showed that uptake in symptomatic lesions was 
27% higher compared tot asymptomatic contralateral lesions. There was no increase 
in uptake in normal carotid arteries. 38

The SPECT scan has the capability of demonstrating ischemic areas not shown by CT 
scan, and these ischemic areas generally correlate with neurologic symptoms. Another 
value of SPECT analysis could be the use of radiolabeled cytokines or lipids, which 
may further image plaque inflammation. Through the administration of radiolabeled 
LDL lipids, in vivo distribution and metabolism of native LDL can be studied. Several 
authors correlated atherosclerotic plaque composition with SPECT analysis and 
concluded that a high uptake of 99mTechnetium-LDL is associated with high levels of 
macrophages and plaque hemorrhage. Carotid lesions not visible on SPECT scan were 
found to be more stable on histological examination, consisting of more fibrocalcified 
components. 39-41 Apoptosis, also associated with plaque destabilization, was visualized 
with 99mTechnetium-labeled annexin V in carotid plaques on SPECT scans. Recently 
symptomatic plaques showed contrast enhancement with this agent whereas 
asymptomatic plaques did not. 42 Further development of specific tracers is needed to 
image components showing the formation and progression of vulnerable plaque and 
consequently aid in pre-operative risk assessment in patients with carotid lesions. 
These advances in PET and SPECT imaging techniques could be especially beneficial 
in asymptomatic patients. If risk assessment through imaging shows that these 
asymptomatic patients are at high risk of developing symptoms in the near future and 
already have subclinical emboli and additional ischemic regions (albeit very small), 
these patients could be eligible for carotid revascularization to prevent future 
symptoms. 



PART III  |   SUMMARY AND GENERAL DISCUSSION

156

Plaque composition analysis
Since the founding of large bio banks analyzing histological features of carotid plaques, 
numerous new insights on plaque composition have been published. The plaques, 
obtained post-mortem or from carotid endarterectomies, could be categorized in stable 
and unstable, or so called vulnerable plaques. Plaques with a small lipid core, a thick 
fibrous cap and little or no intraplaque hemorrhage are considered stable. The presence 
of a large lipid core, infiltration of macrophages, a thin fibrous cap and intraplaque 
hemorrhage represent a vulnerable plaque. 43 Composition of the atherosclerotic 
plaque has shown to be associated with neurological symptoms, before surgery,  
but also restenosis and the occurrence of systemic adverse clinical events after 
surgery. 44-46 Development of plaque-stabilizing drugs remains a major challenge for 
pharmaceutical companies. The difficulty in the development of these drugs lies in 
the lack of validated endpoints to prove efficacy of the proposed therapy. During the 
1980’s and 90’s pharmacological research regarding plaque-stabilizing drugs mainly 
focused on the occurrence of cardiovascular events and progression of plaque volume 
on imaging studies as a measure for plaque stabilization. With the founding of bio 
banks and histological analysis of plaques, we now have objective markers on plaque 
stabilization and progression of atherosclerotic disease due to large variations in 
patient characteristics, but these studies are limited by their cross-sectional character.  
Nevertheless, histopathological examination of the carotid plaque remains the gold 
standard for assessing plaque stability, and the effect of potential plaque stabilizing 
therapies might be validated in vivo, after extensive testing in animal models. Due to 
the increasing knowledge of plaque composition, new target sites for drug therapies 
can be explored which may result in the improvement of pharmacological therapies 
in the prevention of stroke. 
 
Stent development
Stents and deployment/delivery systems have evolved very quickly during the last 
decades. Recent developments like drug-eluting stents, covered with coatings such 
as Zotarolimus®, Paclitaxel® or Everolimus® might prevent remodeling or the forming 
of intima hyperplasia following stenting. This coating might increase patency and 
could prevent restenosis. 47, 48 Long-term results of CAS with these drug-eluting stents 
and balloons have not yet been published. With more accurate placement of the stent 
through evolving deployment systems, technical success rate of CAS can be increased. 
Delivery systems have also evolved and the stent can reach the carotid artery with a 
lower risk on emboli dislodged from the aorta and especially the aortic arch and 
therefore could prevent stroke during CAS. Ongoing research on “open or closed cell 
structure” in stent design and developments in stent materials will further evolve CAS, 
which might increase technical success rate and decrease complication rates. 
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Inleiding

Anatomie van de halsslagaders
Het brein is één van de, zo niet het belangrijkste orgaan in het menselijk lichaam en 
schade aan dit orgaan kan verstrekkende gevolgen hebben. De bloedtoevoer naar het 
brein wordt hoofdzakelijk verzorgd door vier grote slagaders. Deze vier slagaders zijn 
de linker en de rechter halsslagader (in het Latijn: arteria carotis interna sinistra / 
arteria carotis interna dextra) en de wervelslagader links en rechts (arteria vertebralis 
sinistra / arteria vertebralis dextra). De halsslagader (arteria carotis communis) vertakt 
zich in de hals verder en vormt dan de interne en externe halsslagader (arteria carotis 
interna / arteria carotis externa). De interne halsslagader gaat naar het brein en de 
externe halsslagader verzorgt de bloedvoorziening van onder andere een deel de 
schildklier, de tong en delen van het aangezicht. In het brein is een soort 
“verkeersplein”, de cirkel van Willis genaamd, waarbij enkele slagaders samenkomen 
en verder vertakken. Deze cirkel is van essentieel belang aangezien er bij dichtslibben 
van een van de slagaders nog steeds bloed naar de meeste delen van het brein kan 
gaan door de onderlinge verbindingen tussen de slagaders. De halsslagaders liggen 
links en rechts naast het strottenhoofd in de hals en de wervel slagaders lopen in een 
benig kanaal aan weerzijde van de wervels naar  het brein. In dit proefschrift worden 
voornamelijk de arteria carotis interna en externa bestudeerd. 
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Cerebrovasculair accident (CVA)
CVA (beroerte) is de meest voorkomende oorzaak van voorbijgaande of blijvende 
invaliditeit. Alleen al in Nederland worden per jaar 41.000 patiënten getroffen door 
een beroerte. Een CVA kan worden veroorzaakt door een bloeding, lage bloeddruk 
en daardoor te weinig bloed in het brein of een infarct (een tekort aan zuurstof) van 
bepaalde delen van de hersenen. Het herseninfarct (ongeveer 66% van het totale 
aantal CVA’s) is een aandoening waarbij een deel van de hersenen (tijdelijk) verstoken 
is van bloed en zuurstof, waardoor neurologische verschijnselen ontstaan. Deze 
verschijnselen variëren van parese (krachtsvermindering) of paralyse (verlamming) 
in een of meer ledematen of een deel van het gezicht. Tevens kan er  aantasting zijn 
van de spraak- en/of taalvaardigheden. De meest voorkomende oorzaak van een 
herseninfarct is trombo-embolisch. Een embolus (bloedpropje of partikel) raakt los 
ergens in het lichaam en wordt getransporteerd door het slagaderlijke systeem naar, 
in het geval van een CVA, de hersenen. Wanneer de diameter van de slagaders in de 
hersenen vermindert is kan de embolus volledige afsluiting veroorzaken in een 
hersenslagader. Door deze blokkade wordt hersenweefsel, dat afhankelijk is van 
zuurstof en voedingsstoffen vanuit de aangetaste slagader, verstoken van bloed 
waardoor er neurologische afwijkingen kunnen ontstaan. Het soort en de omvang 
van de neurologische tekorten zijn afhankelijk van de regio van de hersenen die 
aangedaan is.
Het merendeel van embolieën hebben hun oorsprong in het hart. Vooral patiënten 
met hartritmestoornissen zijn gevoelig voor het ontwikkelen van embolieën door 
bloedstolling als gevolg van onvoldoende of inadequaat samentrekken van het hart. 
Ongeveer dertig procent van de patiënten die een CVA krijgen hebben 
atherosclerotische plaque (slagaderverkalking) in de arteria carotis (halsslagader). 
Deze plaque bevindt zich meestal ter hoogte van de splitsing van de halsslagaders. 
Wanneer een slagader vernauwd is en de diameter afneemt, neemt stroomsnelheid 
door het aangetaste deel van de slagader toe. Deze hoge snelheden en de daarmee 
gepaard gaande turbulentie kunnen leiden tot het losraken van fragmenten van de 
plaque in de halsslagader. De ontstane embolie kan dan leiden tot een CVA of een 
TIA (Transient Ischaemic Attack, voorbijgaande neurologische uitval die per definitie 
in 24 uur volledig verdwenen is). Er is een sterke associatie tussen TIA's en het 
daaropvolgend optreden van een CVA. Ongeveer 10-20% van de patiënten met een 
CVA had voorafgaand aan het CVA een of meer TIA's. Deze TIA’s kunnen daarom 
worden gezien als een waarschuwing en dit geeft artsen de tijd te zoeken naar de 
oorzaak van de symptomen. Wanneer er sprake is van een vernauwing in de 
halsslagader kan een carotis endarteriëctomie (operatie waarbij de halsslagader wordt 
“schoongemaakt”) uitgevoerd worden om verdere embolieën vanuit de halsslagaders 
te voorkomen.

Plaque samenstelling in de halsslagader
Atherosclerose (slagaderverkalking) is de belangrijkste oorzaak van sterfte in de 
ontwikkelde landen. Ongeveer twaalf miljoen mensen per jaar sterven als gevolg van 
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een hartinfarct of een CVA. De exacte oorzaak en achtergrond van de toename van 
het volume van de plaque en mate van vernauwing zijn nog niet geheel duidelijk. 
Verschillende cardiovasculaire risicofactoren zijn beschreven als risicofactoren voor 
het ontstaan van een vernauwing; roken, een familiegeschiedenis van hart- en 
vaatziekten, diabetes mellitus, hart- en vaatziekten en een verkeerd of hoog 
cholesterolspectrum. Sinds het laatste decennium zijn biobanken opgezet om plaques, 
verkregen bij operaties aan de halsslagaders (carotis endarteriëctomie, CEA) te 
analyseren. Wanneer de samenstelling van deze plaque werd geanalyseerd konden 
onderzoekers verschillende soorten plaque identificeren. Er wordt onder andere 
onderscheid gemaakt tussen “stabiele” en “instabiele” plaques. Deze verschillende 
soorten blijken verschillende klinische implicaties te hebben. Patiënten krijgen geen 
symptomen van halsslagader vernauwingen door een geleidelijke toename van de 
vernauwing maar vooral door acute verstoring van de plaque. Deze acute verstoring 
leidt tot blootstelling van bepaalde delen van de plaque aan het bloed waardoor 
embolieën kunnen ontstaan. Deze embolieën kunnen dan klinische symptomen 
veroorzaken. 

Radiologische modaliteiten
Tijdens de eerste decennia van de carotischirurgie kon de vernauwing alleen in beeld 
worden gebracht door middel van conventionele angiografie. Bij een angiografie wordt 
er contrastmiddel ingespoten via een soort infuus in een slagader. Dit contrastmiddel 
kan dan zichtbaar worden gemaakt op röntgenfoto’s. Dit onderzoek is echter niet 
zonder risico’s aangezien bij 1-3% van de patiënten een complicatie zoals schade aan 
de nieren of een bloeding optreedt ten gevolg van de angiografie. In 1980 werd een 
niet-invasief, nauwkeurig alternatief zonder noodzaak voor intra-arteriële 
contrastmiddelen gevonden in Duplex Ultrasound (DUS). DUS kan worden uitgevoerd 
zonder risico op nier- of allergische complicaties. Bij DUS kan de ernst van de 
vernauwing in beeld worden gebracht met echo en worden tegelijkertijd de 
stroomsnelheden van het bloed gemeten. In algemene zin is het zo dat hoe groter de 
vernauwing is, hoe hoger ook de snelheid. Dit komt doordat dezelfde hoeveelheid 
bloed door een kleine diameter geperst wordt. Het is vergelijkbaar met een tuinslang; 
wanneer het uiteinde van de tuinslang deels wordt dichtgeknepen, komt de waterstraal 
verder door de grotere snelheid waarmee het de tuinslang verlaat. Vanuit grote 
onderzoeken zijn deze stroomsnelheden gecorreleerd aan een bepaalde mate van 
vernauwing. Deze stroomsnelheden worden beschreven als de Peak Systolic Velocity 
(PSV) en worden uitgedrukt in cm/s. In 2003 is een consensus verschenen waarbij de 
verhouding tussen de stroomsnelheden in de halsslagaders en de mate van vernauwing 
is weergegeven en gestandaardiseerd. Zo geeft bijvoorbeeld een PSV > 125cm/s een 
vernauwing van 70% weer. 
Tegenwoordig worden andere, niet-invasieve beeldvorming modaliteiten, zoals 
Computer Tomografie Angiografie (CTA) of Magnetische Resonantie Angiografie 
(MRA) ook veel gebruikt. Hierbij wordt weliswaar contrast ingespoten, echter niet via 
een slagader maar bijvoorbeeld via een infuus in de hand. Via een scan worden dan 
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de slagaders in beeld gebracht. Deze modaliteiten kunnen metingen via DUS 
aanvullen en geven extra diagnostische informatie. Een bijkomend voordeel van CTA 
en MRA is dat computersoftware verbeterde afbeeldingen kan maken zodat een 
3D-beeld van de vernauwde bloedvaten kan worden gemaakt. Deze beelden kunnen 
zeer nuttig zijn bij preoperatieve planning van de uit te voeren operatie.

Behandeling van vernauwingen in de halsslagader
Carotis endarteriëctomie (CEA)
De chirurgische behandeling van vernauwing van de halsslagader begon in 1953 
toen de chirurg DeBakey de eerste CEA uitvoerde. Een jaar later voerde Eastcott, 
Pickering en Rob een variant van deze operatie uit waarbij het vernauwde deel van 
de halsslagader werd verwijderd en de restanten van de slagaders opnieuw met elkaar 
werden verbonden. Sindsdien is CEA geëvolueerd en technieken en materialen zijn 
verder ontwikkeld om de procedurele prognose te verbeteren. Bij de standaard CEA 
wordt, nadat toegang is verkregen tot de halsslagader via een incisie in de hals, een 
incisie gemaakt over de lengte van de halsslagader welke wordt uitgebreid tot in de 
interne halsslagader. De binnenwand van de slagader met de bijbehorende plaque 
wordt gescheiden van de buitenwand en in zijn geheel verwijderd (endarteriëctomie). 
De incisie in de slagader wordt vervolgens gesloten met een soort lapje (een patch 
genaamd) om vernauwing van het bloedvat te voorkomen. Deze patch kan bestaan 
uit lichaamseigen ader, kunststof of gedenatureerd hartzakje van een rund. Het 
sluiten van de incisie met een patch is superieur gebleken aan het direct dichthechten 
van de incisie wanneer wordt gekeken naar het optreden van herhaaldelijke 
vernauwing, het optreden van een CVA tijdens de operatie en het behoud van 
diameter van de slagader. 
Twee grote gerandomiseerde studies hebben aangetoond dat carotis endarteriëctomie 
(CEA) de beste medische behandeling is bij patiënten met een symptomatische 
vernauwing van de halsslagader. In deze onderzoeken met duizenden patiënten werd 
het doen van een operatie vergeleken met het geven van bepaalde medicatie. In deze 
grote gerandomiseerde studies bleek dat bij symptomatische patiënten met een 
vernauwing van de halsslagader ≥ 70%, CEA superieur is ten opzichte van alleen 
medicamenteuze behandeling. Bij patiënten met een ernstige carotisstenose en recente 
cerebrovasculair symptomen (CVA of TIA’s), kan het risico op een herhaling van het 
CVA met 50% worden verminderd door het uitvoeren van een CEA. Patiënten zonder 
neurologische symptomen, maar met een hooggradige vernauwing in de halsslagader, 
profiteren ook van een CEA, maar er moeten aanzienlijk meer patiënten worden 
behandeld om één CVA te voorkomen. Sinds de resultaten van deze onderzoeken 
zijn gepubliceerd is CEA de gouden standaard voor de behandeling van vernauwingen 
in de halsslagaders en het voorkomen van beroerte.

Carotis Angiografie en Stenting (CAS)
Tijdens CAS wordt er, meestal via de lies, onder lokale verdoving een naald ingebracht 
in de slagader. Via deze holle naald wordt een draad opgevoerd tot bij de plaats waar 
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de vernauwing zit. De vernauwing wordt in beeld gebracht door contrastvloeistof in 
te spuiten en onder röntgen te kijken waar de vernauwing zich bevindt. Vervolgens 
wordt er een ballon angioplastiek verricht en eventueel een stent geplaatst. Tijdens 
een ballonangioplastiek (dotter behandeling) wordt de atherosclerotische plaque eerst 
verwijd door het opblazen van een ballon in de slagader en vervolgens "bedekt" door 
plaatsing van een stent. Een stent is een soort buisje dat in het bloedvat wordt 
“uitgevouwen” waardoor de plaque tegen de wand wordt gedrukt en voorkomen 
wordt dat de vernauwing weer terugveert. De radiale kracht van de stent zorgt dat na 
angioplastiek de binnenste diameter van de behandelde slagader goed open blijft. 
CAS is ontstaan als alternatief voor CEA bij de behandeling van vernauwingen van 
de halsslagader tijdens de late jaren 1970 en begin 1980. CAS werd voorgesteld als 
minimaal invasief alternatief voor CEA en vanwege de aard van de endovasculaire 
behandeling (behandeling via de bloedvaten d.m.v. katheterisatie) zouden chirurgische 
complicaties zoals zenuwschade en wondinfecties voorkomen of geminimaliseerd 
kunnen worden. Tevens zouden het aantal opnamedagen en de kosten verminderd 
kunnen worden wanneer patiënten behandeld werden met een minimaal invasieve 
procedure. Een ander groot voordeel zou kunnen zijn dat patiënten die werden 
beschouwd als "ongeschikt voor een operatie" (bijv. als gevolg van ernstige hart- of 
longziekten, eerdere operaties of radiotherapie in de hals of een afwijkende anatomie) 
ook kunnen worden behandeld zonder de extra risico’s van een operatie. Door de 
voortdurende ontwikkeling van stents en het bewijs van de studies dat het plaatsen 
van een stent na ballon angioplastiek in andere slagaders goed resultaat opleverde, 
groeide de behoefte aan studies die CAS (met stentplaatsing) en CEA vergeleken. 
Verschillende grote studies zijn uitgevoerd die CAS met CEA vergeleken bij 
symptomatische patiënten. De samengevoegde data van deze studies toonde aan dat 
de kans op een CVA of op sterfte tijdens de ingreep significant hoger was na CAS in 
vergelijking met CEA, vooral bij oudere patiënten. Lange termijn data moet worden 
afgewacht om de veiligheid en effectiviteit van CAS te evalueren. Tot die tijd moet 
CAS moet worden gereserveerd voor hoog-risico en jonge patiënten in centra met 
veel expertise, of als een optie in gerandomiseerde studies. CEA blijft heden ten dage 
de standaard behandeling. 

Restenose
Behandelingen van een stenose (vernauwing) in de halsslagader worden bemoeilijkt 
door het terugkeren van een vernauwing (restenose). De nieuwe vernauwing wordt 
geassocieerd met een licht verhoogd risico op het opnieuw optreden van een beroerte. 
Terugkerende stenose of restenose, in de breedste zin, betekent terugkerende 
vernauwing op de plaats van de eerdere ingreep (CAS of CEA). De oorzaak van 
restenose is niet volledig bekend. Een theorie is dat er schade is gemaakt tijdens de 
operatie door de binnen- en de buitenwand van elkaar te scheiden. Deze schade aan 
de vaatwand activeert allerlei processen in het lichaam die deze schade willen 
afdekken. Deze afdekking is een voorkeursplaats voor slagaderverkalking om opnieuw 
een vernauwing te vormen. De belangrijkste risicofactoren voor het ontstaan van 
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restenose zijn: roken, een hoge leeftijd, het geslacht (vrouwen) en eerdere ingrepen 
aan de halsslagader aan dezelfde zijde . In 1-4% van de behandelde patiënten komt 
de vernauwing terug en heeft de patiënt ook symptomen van deze vernauwing. Bij 
9-19% van de patiënten is er wel een nieuwe vernauwing maar ondervindt de patiënt 
hier geen klachten van. Deze terugkeer van vernauwingen worden gediagnosticeerd 
middels DUS, CTA of MRA. Patiënten worden na de behandeling jaarlijks vervolgd 
en tijdens deze vervolgafspraken wordt in ons centrum dan ook altijd een DUS 
gemaakt. Mocht deze DUS aanleiding geven tot verder onderzoek dan volgt een CTA 
of een MRA. Na CAS zijn hogere percentages van restenose gemeld in de literatuur 
dan na CEA. 

Algemene doelstellingen van dit proefschrift
Bestudering van het “lot van de behandelde halsslagader”; verschillende aspecten 
zoals hemodynamica (stroom van bloed), plaque samenstelling en (de behandeling) 
van restenose in zowel de interne als de externe halsslagader werden bestudeerd. 
Deel I beschrijft verschillende studies met betrekking tot de interne halsslagader en 
deel II richt zich op de externe halsslagader.
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Samenvatting

Deel I  |  De interne halsslagader (arteria carotis interna)

Met de toegenomen gemiddelde levensverwachting zullen ouderen een steeds groter 
deel van de dagelijkse praktijk worden voor artsen. Deze patiënten moeten worden 
beschouwd als “hoog-risico” patiënten en worden daarom vaak uitgesloten van 
deelname aan grote onderzoeken. In hoofdstuk 2 wordt ingegaan op de vraag of de 
ouderen meer risico lopen op complicaties na een behandeling van een vernauwing 
in de halsslagader en ze dus altijd moeten worden beschouwd als "hoog-risico" 
patiënten. De huidige literatuur van de behandeling van een vernauwing in de 
halsslagader bij bejaarden werd bestudeerd en resultaten een in totaal van 2,963 CAS 
patiënten en 14.365 CEA patiënten met een leeftijd > 80 jaar werden geanalyseerd in 
het dit onderzoek. We concludeerden dat zelfs bejaarden profiteren van de halsslagader 
operatie. De complicatiepercentages voor het optreden van een hartinfarct, beroerte 
of overlijden na CEA in tachtigjarigen (4,2%) bleek vergelijkbaar met de resultaten 
van grote gerandomiseerde studies bij jongere patiënten. Hogere complicatie-
percentages werden beschreven voor CAS in tachtigjarigen (6,9%). In het algemeen, 
hebben we geconcludeerd dat een leeftijd > 80 jaar geen absolute afkapwaarde is om 
patiënten uit te sluiten van een halsslagader operatie. Naar onze mening moet de 
gouden standaard CEA blijven in de behandeling van belangrijke halsslagader 
vernauwingen, zelfs bij de zeer ouderen.
In hoofdstuk 2 hebben we gekeken naar complicaties na CEA en CAS in de zeer 
ouderen. We zagen dat complicaties hoger waren na CAS. Om een verklaring voor 
deze toename van complicaties te vinden na CAS analyseerden we in hoofdstuk 3 
de plaque kenmerken van plaques die werden verkregen bij CEA. In totaal 1385 
plaques werden geoogst en geanalyseerd. Om na te gaan of patiënten uit verschillende 
leeftijdsgroepen verschillende plaque samenstelling te hebben, werden de patiënten 
naar leeftijd verdeeld in 4 groepen: <60, 60-69, 70-79 en ≥ 80 jaar. Na correctie van 
de verschillen in baseline factoren, risicofactoren en medicijngebruik, werd leeftijd 
onafhankelijk geassocieerd met een meer kwetsbare plaque. Deze verhoogde 
kwetsbaarheid van de plaque bij ouderen kan de verklaring zijn voor het hogere 
percentage van complicaties bij ouderen na CAS. Als een stent in de halsslagader 
wordt geplaatst bij patiënten met kwetsbare plaques, is de kans op complicaties op 
basis van embolieën hoger in vergelijking met patiënten met een stabiele plaque.
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Duurzaamheid is een belangrijke parameter bij de behandeling van de halsslagader 
vernauwingen. Een behandeling kan als succesvol worden beschouwd als het kan 
worden uitgevoerd met een laag complicatiepercentage en een langdurig vrij blijven 
van de van de slagader van een hernieuwde vernauwing. Hoofdstuk 4 beschrijft de 
verschillende aspecten van restenose na CEA en de behandeling van deze 
terugkerende vernauwing. Sommige risicofactoren zijn beschreven en ook de 
chirurgische techniek die wordt gebruikt tijdens de CEA kan ook invloed hebben 
op de terugkeer van vernauwing. Het gebruik van een patch bijvoorbeeld, vermindert 
het voorkomen van  terugkerende vernauwingen, vooral bij vrouwen. Toch is de 
optimale behandeling van de terugkerende halsslagader vernauwing nog niet 
volledig gedefinieerd. Zowel opnieuw opereren als CAS zijn afzonderlijk beschreven 
met uitstekende resultaten maar grote onderzoeken die de beide behandelingen 
vergelijken zijn nog niet gepubliceerd. 
Hoofdstuk 5 beschrijft veranderingen in stroomsnelheden van het bloed in de 
halsslagader na CAS en CEA. Voor deze studie gebruikten we patiënten die in de 
Internationale Carotis Stenting Study (ICSS) in ons centrum waren geïncludeerd. 
ICSS is een groot internationaal onderzoek dat de uitkomsten vergelijkt tussen CAS 
en CEA bij symptomatische patiënten. In totaal 254 patiënten (70% mannen, 129 
CAS, 125 CEA) werden geïncludeerd. Gemiddelde piek-systolische snelheden (PSV) 
werden beoordeeld bij aanvang, 30 dagen, 12 en 24 maanden. Na analyse van de 
stroomsnelheden op de verschillende tijdstippen concludeerden we dat er geen 
significant verschil in veranderingen in stroomsnelheid is na beide behandelingen. 
Het percentage van hernieuwde vernauwingen bleek hoger te zijn na CAS. Toch is 
de vraag of de snelheden die werden gemeten na CAS ook gecorreleerd kunnen 
worden met een echte vernauwing. Het plaatsen van een stent in de slagader zorgt 
voor een heel ander stroompatroon van bloed door de slagader waardoor er een 
hogere snelheid wordt gemeten terwijl er geen vernauwing is. Het is belangrijk om 
gestandaardiseerde afkappunten voor de stroomsnelheden te definiëren na CAS  
om veranderingen in de bloedstroom en de klinische gevolgen bij patiënten 
behandeld met CAS te evalueren.
Zoals eerder vermeld is het percentage restenose na CAS hoger in vergelijking met 
CEA. De meerderheid van deze restenoses blijven echter zonder klinische 
verschijnselen. De optimale behandeling voor het behandelen restenose na CAS is 
niet bekend. In hoofdstuk 6 beschrijven wij de mogelijkheid om via een operatie de 
eerder ingebrachte stent te verwijderen. In totaal werd bij vijftien patiënten met een 
dichtgeslibde stent de stent in zijn geheel verwijderd via een operatie die vergelijkbaar 
is met een CEA. Tijdens alle uitgevoerde operaties kon de stent in vrij gemakkelijk in 
zijn geheel worden verwijderd. De operatie ging niet gepaard met een extra langere 
operatietijd of een grotere hoeveelheid bloedverlies vergeleken met normale operaties 
aan de halsslagaderen. Er was één patiënt die postoperatief neurologische uitval had 
maar dit herstelde binnen 24 uur volledig zonder restverschijnselen. Wij concludeerden 
uit dit onderzoek dat het verwijderen van een dichtgeslibde stent door middel van 
een operatie een veilige manier is om dit soort problemen te behandelen. Wij zagen 
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echter wel dat er complicaties op kunnen treden die wij ook tijdens “gewone” CEA 
procedures zien. 

Deel II  |  De externe halsslagader (arteria carotis externa)

De externe halsslagader een belangrijke alternatieve route bieden voor 
bloedvoorziening van het brein en het netvlies, vooral bij patiënten met een cirkel 
van Willis die niet volledig is of bij patiënten met een volledig afgesloten interne 
halsslagader aan dezelfde zijde. De meeste vernauwingen zitten ter hoogte van de 
splitsing van de halsslagader (splitsing in de interne- en externe halsslagader). In veel 
gevallen worden stents bij CAS geplaatst in de gezamenlijke halsslagader tot in de 
interne halsslagader. Hierbij wordt de oorsprong van de externe halsslagader bedekt.  
Door deze oorsprong te bedekken zou een mogelijke alternatieve route voor de 
bloedstroom naar het brein worden beperkt.  In hoeverre de vernauwing van de 
externe halsslagader toeneemt na CAS werd onderzocht in hoofdstuk 7 en vergeleken 
met de (onbehandelde) andere zijde. Gedurende een periode van 5 jaar werden er bij 
312 patiënten beeldvormende onderzoeken gedaan om de mate van vernauwing te 
bestuderen. Aan de behandelde zijde bleek 75% van de patiënten een vernauwing 
van meer dan 50% te hebben na 5 jaar. Aan de onbehandelde zijde was dit 47%. 
Wanneer wij de resultaten verder bekeken bleek dat dit verschil zelfs nog groter was 
wanneer wij de patiënten waarbij de oorsprong van de externe halsslagader bedekt 
werd door de stent vergeleken met patiënten waarbij dit niet het geval was. Opvallend 
was tevens dat er wel een toename is van de vernauwing maar dat de externe 
halsslagader zo goed als nooit helemaal dichtslibt na CAS.  
Als de interne halsslagader volledig afgesloten is heeft de patiënt daar zelden 
symptomen van. Toch zijn er af en toe patiënten die zich presenteren met symptomen 
bij zo’n afgesloten slagader. Zoals al eerder besproken kan het zijn dat de patiënt via 
de alternatieve route van de externe halsslagader alsnog embolieën naar het brein 
schiet of dat er door een bijkomende vernauwing van de externe halsslagader te weinig 
bloed naar delen van het brein gaat waardoor symptomen ontstaan. Een mogelijkheid 
is dan om een operatie te doen waarbij alleen de externe halsslagader wordt 
“schoongemaakt” om zo de alternatieve route weer vrij te geven en een eventuele 
bron van embolieën te verwijderen. In hoofdstuk 8 bestudeerden we de operatieve 
resultaten en lange termijn resultaten van een dergelijke selectieve operatie aan de 
externe halsslagader. Een groep van 27 opeenvolgende patiënten die werden 
behandeld werd geanalyseerd. In 96% van de operaties kon deze succesvol worden 
uitgevoerd. Bij één patiënt was intussen ook de externe halsslagader dichtgeslibd 
waarbij schoonmaken van deze slagader geen zin meer heeft. Eén patiënt kreeg een 
beroerte na een operatie, veroorzaakt door een oncontroleerbare lage bloeddruk 
tijdens en na de operatie. Twee patiënten hadden (voorbijgaande) zenuwuitval en een 
patiënt moest opnieuw worden geopereerd wegens een nabloeding. Gedurende de 
postoperatieve jaren bleef 87% van de patiënten vrij van terugkerende symptomen 
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en bleef  87% van de patiënten vrij van restenose. Wij concludeerden hieruit dat de 
selectieve operatie van de externe halsslagader een veilige en duurzame optie is bij 
deze specifieke patiënten populatie. 
Hoofdstuk 9 beschrijft onze resultaten ons onderzoek naar de externe halsslagader 
gedurende CEA. Er zijn diverse technieken beschreven om de externe halsslagader 
te behandelen tijdens CEA maar wij gebruiken een gestandaardiseerde manier waarbij 
de externe halsslagader gedurende alle operaties wordt “schoongemaakt”. Om deze 
techniek te toetsen hebben wij 660 patiënten vervolgd die een dergelijke operatie 
hebben ondergaan. Wij gebruikten metingen uit duplex scans om de mate van 
restenose gedurende de tijd te vervolgen. Bij 660 patiënten, 68% mannen en 83% 
symptomatische patiënten, werden er metingen gedaan van de externe halsslagader. 
Na 3 maanden, 1 jaar en 2 jaar na de operatie werd er een duplex gemaakt. De 
percentage restenose was  30%, 29.1% en 34.2% na 3 maanden, 1 jaar en 2 jaar na de 
operatie. De externe halsslagader bleek volledig afgesloten in 1.4%, 2.1% en 2.6% na 
3 maanden, 1 jaar en 2 jaar na de operatie. Om te kijken naar wat nu werkelijk nieuwe 
stenosen waren hebben wij een subgroep geanalyseerd van patiënten die bij aanvang 
van de operatie geen stenose hadden in hun externe halsslagader. Het percentage 
restenose in deze 392 patiënten was 25.3%, 22.2% en 26.5% de het percentage volledig 
afgesloten externe halsslagaders was 2.0%, 2.6% en 3.1%. Uit ons onderzoek blijkt 
dus dat er wel opnieuw vernauwing optreedt van de externe halsslagader maar dat 
dit niet leidt tot volledige afsluiting of neurologische symptomen.  
In hoofdstuk 7 hebben we de mate van vernauwing van de externe halsslagader na 
CAS bestudeerd. We concludeerden dat er vaker een >50% vernauwing werd gezien 
na plaatsen van een stent vergeleken met de onbehandelde zijde. Om deze resultaten 
te verifiëren en te analyseren in een gerandomiseerde patiëntengroep (waarbij 
patiënten worden geloot voor een van beide ingrepen, CAS of CEA) hebben wij de 
stroomsnelheden gemeten in de externe halsslagader na zowel CAS als CEA in 
hoofdstuk 10. In totaal 224 patiënten werden opgenomen in dit onderzoek (116 CAS 
en 108 CEA). Piek systolische snelheden (PSV) werden beoordeeld met duplex-
echografie (DUS) voorafgaand aan de behandeling, na 30 dagen en na 12 en 24 
maanden na de behandeling. Binnen deze gerandomiseerde studie, was de toename 
van de bloedstroom snelheden (en daarmee ook de mate van vernauwing) in de 
externe halsslagader significant hoger na CAS in vergelijking met CEA tijdens een 
follow-up van ten minste 2 jaar. Deze toename van de stenose na CAS leidde echter 
niet tot een hoger percentage van volledige afsluiting van de externe halsslagader. 
Hoofdstuk 11 geeft ten slotte een algehele beschouwing van het proefschrift en geeft 
enkele vragen weer die ook na het schrijven van dit proefschrift nog onbeantwoord 
blijven. Verder worden in dit hoofdstuk enkele punten weergegeven waar in de 
toekomst meer onderzoek naar gedaan moet worden om nog meer duidelijkheid te 
krijgen over de behandeling van vernauwingen in de halsslagader en het voorkomen 
van beroertes. 
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