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Abstract

Int roduct ion: Carot id revascularisat ion (CR) using angioplasty and stent  (ASC) is an 
effect ive procedure in the prevent ion of ischaemic st roke, but  with a cont roversial 
morbidity and mortalit y in the dif ferent  studies conducted in this fi eld.
Met hods: The results of the ASCs performed in the Virgen de la Arrixaca University 
Hospital (Murcia) between January 2006 and April 2009 were analysed (epidemiology, 
indicat ion, grade of residual stenosis and procedure complicat ions). All pat ients subj ected 
to ASC were pre-selected and followed up by neurologists, and they followed a st rict  
medical protocol for performing the procedure. All ASCs were performed by a team 
consist ing of two surgeons, an anaesthet ist  and a nurse.
Result s: A total of 134 ASC were performed. The mean age of our pat ients was 72.7 years, 
with the large maj ority (75%) being male. The most  prevalent  diseases were, high blood 
pressure (81%), smoking (66.4%), and diabetes (38.1%). The most  common indicat ions for 
CR were symptomat ic carot id stenosis with a level of stenosis of 75-99%, either in the left  
(33.6%) or right  (32.1%), followed by asymptomat ic stenosis combined with risk factors 
(11.2% in the left  side and 10.4% in the right  side). A level of stenosis less than 30% was 
achieved in 132 of the 134 ASC (98.5%). performed. Five pat ients (3.7%) had complicat ions 
associated with the procedure, of which four were dif ferent  clinical presentat ions of a 
re-perfusion syndrome and one an asymptomat ic thrombosis of the stent .
Conclusions: ASC is a complex technique that  must  be performed by appropriately t rained 
specialists. The performing a minimum number of procedures per year and an admission 
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Introduction

Carot id revascularizat ion (CR) is a procedure that  has 
proven effect ive for primary and secondary prevent ion of 
st rokes in mult iple studies. It  is rout inely performed at  
many healthcare cent res. The 2 most  common techniques 
are carot id endarterectomy (CE) through direct  exposure of 
the carot id at  cervical level, and carot id angioplasty and 
stent ing (CAS), which is usually performed through a 
percutaneous endovascular path.

Since the publicat ion of the NASCET study1 in 1991 to the 
present  t ime, both techniques have conclusively proven 
their effect iveness and safety in dif ferent  studies, although 
there has been a certain cont roversy about  which technique 
is superior. This discussion has recent ly come up again in 
recent  years after the publicat ion of various randomized 

studies (EVA 3S, SPACE, CREST)2-4 suggested a signifi cant ly 
superior percentage of periprocedural complicat ions after 
CAS. Their inclusion criteria, degree of experience at  the 
cent res, technical aspects, premedicat ion protocols and 
procedures, among other aspects, have been st rongly 
crit icised. One crit ical review of these studies has been 
published recent ly.5

In this art icle, we analyse the epidemiological aspects, 
indicat ions, morbidity and mortalit y associated to the 
procedure in a series of cases consist ing of the last  135 CAS 
performed at  the Hospital Universitario Virgen de la Arrixaca 
(HUVA). This hospital is the reference cent re in the Region 
de Murcia for neurointervent ional techniques. Subsequent ly, 
the results are discussed in the context  of the current  
debate about  dif ferent  CR techniques, and some conclusions 
are proposed.

PALABRAS CLAVE

Revascularización 

carot ídea;

Angioplast ia;

Stent

134 casos consecutivos de revascularización carotídea mediante angioplastia y stent 

en un centro de referencia: ¿una técnica de riesgo?

Resumen

Int roducción: La revascularización carot ídea mediante angioplast ia y stent  (ASC) es un 
procedimiento efi caz en la prevención del ictus isquémico, pero con una morbimortali-
dad periprocedimiento muy discut ida en los diferentes estudios realizados al respecto.
Mét odos: Se analizan los resultados (epidemiología, t ipo de indicación, grado de esteno-
sis residual y complicaciones periprocedimiento) de las ASC realizadas en el Hospital 
Universitario Virgen de la Arrixaca ent re enero de 2006 y abril de 2009. Todos los pacien-
tes somet idos a ASC fueron preseleccionados y seguidos por neurólogos, y siguieron un 
protocolo médico est ricto para la realización del procedimiento. Todas las ASC fueron 
llevadas a cabo por un equipo formado por dos intervencionistas, un anestesista y un 
enfermero.
Resultados: Se realizaron 134 ASC. La edad media de nuestros pacientes fue de 72,7 años, 
con predominio del sexo masculino (75%). Las patologías más prevalentes fueron la hiper-
tensión arterial (81%), el tabaquismo (66,4%), y la diabetes (38,1%). La indicación de RC 
más frecuente fue la estenosis carot ídea sintomát ica con grado de estenosis 75-99%, 
tanto izquierda (33,6%) como derecha (32,1%), seguida de las estenosis asintomát icas 
asociadas a factores de riesgo (11,2% en el lado izquierdo y 10,4% en el lado derecho). En 
132 de las 134 ASC (98,5%) se consiguió un grado de estenosis residual menor al 30%. 
Cinco pacientes (3,7%) presentaron complicaciones relacionadas con el procedimiento, 
de las cuales cuat ro correspondieron a diferentes presentaciones clínicas del síndrome 
de reperfusión y una, a una t rombosis asintomát ica del stent .
Conclusiones: La ASC es una técnica complej a que debe ser llevada a cabo por especia-
listas con una capacitación adecuada. La realización de un número mínimo de procedi-
mientos al año, y la existencia de un protocolo de ingreso cont rolado por Neurología son 
condiciones imprescindibles para una tasa de complicaciones. En estas circunstancias, la 
morbimortalidad de la técnica no es superior a la de la endarterectomía.
© 2009 Sociedad Española de Neurología. Publicado por Elsevier España, S.L. Todos los 
derechos reservados.

protocol cont rolled by Neurology are essent ial condit ions for a low rate of complicat ions. 
Under these condit ions, the morbidity and mortalit y of the technique is no higher than 
that  of endarterectomy.
© 2009 Sociedad Española de Neurología. Published by Elsevier España, S.L. All rights 
reserved.
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Patients and methods

Patients

This study analysed those CR performed through CAS 
between January 2006 and April 2009. Pat ients were 
selected for this procedure by neurologists specialised in 
cerebrovascular diseases based on the most  reputed current  
indicat ions for CR: 1) symptomat ic stenosis between 75%-
99% (NASCET measurement ), 2) symptomat ic stenosis 
between 50%-74% or 3) asymptomat ic stenosis 75%-99% with 
associated risk factors (cont ralateral carot id occlusion, 
upcoming high risk cardiovascular surgery/ bypass, very high 
risk angiographic plaque). In our hospital,  the Cardiovascular 
Surgery Service does not  usually perform CE, which is why 
pat ients are direct ly remit ted to CAS when they are 
considered subsidiary of CR.

Protocol for admission and performance of carotid 
angioplasty and stenting (CAS)

All pat ient s subj ected to CAS fol lowed a procedure 
protocol t hat  is rout ine at  our hospit al for t his t echnique. 
It  includes:  1) dual preprocedural ant iplatelet  t herapy 
(75mg of  clopidogrel daily and 300mg of  ASA every day 
f rom at  least  5 days before t he procedure);  2) admission 
on the day before t he angioplast y;  3) urgent  laboratory 
t est s (biochemist ry,  blood count  and coagulat ion),  ECG 
and radiograph of  t he thorax;  4) t he CAS; 5) observat ion 
at  t he hospit al for 2 days af t er t he procedure,  wit h t he 
fi rst  24 hours in t he st roke unit  (except  for pat ient s who 
were admit t ed before it s inaugurat ion,  in which case they 
went  direct ly t o t he service);  6) discharge;  7) maintenance 
of  t he dual ant iplatelet  t herapy for 1 month,  fol lowed by 
simple ant iplatelet  t herapy for an undefi ned length of 
t ime;  and 8) cl inical and radiological fol low-up at  external 
consult at ion,  wit h an init ial review af ter 1 month,  another 
one af t er 6 months and annual fol low-up visit s af t er 
t hat .

Procedure

Carotid revascularization technique by angioplasty 

and placement of stenting

Once the pat ient  is in the Intervent ional Neuroradiology 
Ward, the standard CAS procedure is carried out , following 
these steps: 

1. Femoral pathway approach.
2.  Angiographic confi rmat ion of the degree of stenosis and 

select ion of the best  radiological proj ect ion for 
t reatment .

3.  Placement  of a long sheath in the common carot id, at  a 
distance of 1-2cm from the start  of the stenosis.

4.  Posit ioning and deployment  of the protect ion fi lter.
5.  Balloon pre-dilatat ion.
6.  Passage and deployment  of the stent  over the stenosis.
7.  Balloon post -dilatat ion.
8.  Filter collect ion.
9.  Angiographic cont rols of stenosis and int racranial 

circulat ion. The choice of appropriate material for each 

procedure, including sheath, catheters, fi lters, balloons 
and stents is performed prior to the procedure.

Staff

All of the CAS procedures are always performed by two 
intervent ional neuroradiologists, one with experience in 
this technique and the other in the process of learning it .  
There is always an anaesthet ist  present ; the help of two 
nurses is also necessary, one as a direct  intervent ion 
assistant  in sterile condit ions and another to prepare and 
help with the material.  Throughout  the procedure, EEG 
monitoring is performed using bilateral monitoring with 4 
channels (2 per side).

Medication

As was described earlier, pat ients subj ected to CAS must  be 
premedicated with 2 ant iplatelet  agents before the 
procedure. During the procedure, once the femoral 
approach has been carried out  and the sheath has been 
placed, the next  step is to ant icoagulate with an int ravenous 
heparin bolus (dose of 1mg/ kg, usually between 5000-7000 
internat ional units) to minimise the potent ial risk of 
thromboembolic complicat ions. At ropine is administered 
(dose of 0.6-1mg in a bolus) prior to the carot id dilat ion 
manoeuvres (with balloons or with the stent  it self) to avoid 
the possible consequences of vagal st imulat ion (bradycardia, 
hypotension, asystolia). These at ropine doses can be 
repeated according to the criteria of the anaesthet ist  if  too 
much t ime has passed between the dif ferent  dilatat ions, or 
if  the doses were insuffi cient .

Collected data

A series of data was collected and included in a database for 
each CAS procedure carried out  for study purposes: 1) 
epidemiological data, including gender, age, arterial 
hypertension, diabetes mellitus, hypercholesterolemia, 
ischemic heart  disease, peripheral arterial disease, smoking 
and alcohol consumpt ion; 2) type of CR indicat ion: symptomat ic 
stenosis 75%-99%, symptomat ic stenosis 50%-74%, and 
asymptomat ic stenosis 75%-99% with associated risk factors 
(contralateral carot id occlusion, upcoming high risk 
cardiovascular surgery/ bypass, very high risk angiographic 
plaque); 3) degree of postprocedural stenosis, above or below 
30% (the percentage usually considered as successful in this 
technique); and 4) complicat ions related to the procedure: 
thromboembolic events (t ransient  ischemic at tack or st roke) 
and cerebral hyperperfusion syndrome in its different  clinical 
presentat ions (non-specifi c neurological symptoms, cerebral 
oedema, parenchymal or subarachnoid haemorrhage). This 
list  of complicat ions was collected while the pat ients were 
admit ted and during a clinical control on an outpat ient  basis 
one month after the procedure was carried out .

Results

A total of 134 CAS intervent ions were carried out  at  our 
cent re between January 2006 and April 2009, with the 
following results.
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Epidemiology (table 1)

The average age of our pat ients was 72.7 years, with a 
predominance of males (3 out  of every 4 pat ients). The 
most  prevalent  diseases were arterial hypertension (81%), 
smoking (66.4%) and diabetes (38.1%).

Indications (table 2)

The most  common indicator for CR in our series was 
symptomat ic carot id stenosis with a degree of stenosis of 
75%-99%, both left  (33.6%) and right  (32.1%). This was 
followed by asymptomat ic stenosis associated with risk 
factors (11.2% on the left  side and 10.4% on the right  
side).

Degree of stenosis after angioplasty 
and placement of stents

A degree of residual stenosis lower than 30% was achieved 
in 132 of the 134 CAS (98.5%).

Periprocedural morbidity and mortality (table 3)

Five pat ients (3.7%) presented dif ferent  complicat ions 
related to the procedure. Of these, 4 corresponded to 
dif ferent  clinical presentat ions of reperfusion syndrome 
and 1 to a thromboembolic event .

The thromboembolic complicat ion consisted of an 
asymptomat ic thrombosis of the stent , which was discovered 
incidentally in a pat ient  t reated for a symptomat ic stenosis 
of the right  ICA. This pat ient  was readmit ted one month 
after the intervent ion due to an episode of acute pulmonary 
oedema and underwent  a cont rol CT angiogram of the 
supra-aort ic t runks.

Of the 4 reperfusion syndromes, 3 occurred in pat ients 
with cont ralateral carot id occlusion. One was an immediate 
post -CAS cerebral haemorrhage that  caused pat ient  death, 
and the remaining 3 appeared as post -CAS cerebral oedema. 
Out  of these, 2 presented a benign evolut ion, with a 
progressive and total resolut ion of the oedema, and 1 
presented a late haemorrhagic t ransformat ion that  led to 
death. These cases have been described in great  detail in 
another publicat ion by our group.6

Discussion

Our series of 134 pat ients t reated using CAS shows a peri-
procedural morbidity and mortalit y of 3.7%, which is within 
the recommended 6% for this procedure.7 This fi gure is com-
perable to that  of previous studies like SAPPHIRE,7 the glo-
bal regist ry of angioplast ies8,9 or recent  series of cases with 
more than 100 pat ients.10 However, it  is lower than that  
found in recent  studies (such as EVA 3S, SPACE or CREST).2-4 
These studies have cont ributed to recreat ing an uncertainty 
regarding the periprocedural safety of this technique.

Our results corroborate the fact  that  CAS is a safe 
technique, as suggested by earlier reviews,11 as long as it  is 

Table 1 Epidemiological data

No. of pat ients (%)

Mean age (72.7 years)

Gender

 Male 102 (76.1)

 Female 32 (23.9)

Medical  Hist ory

 Arterial hypertension 110 (81)

 Smoking 89 (66.4)

 Diabetes mellitus 51 (38.1)

 Ischemic cardiopathy 38 (28.4)

 Peripheral arteriopathy 35 (26.1)

 Drinking 17 (12.7)

Table 2 Indicat ions for carot id revascularizat ion

Type of indicat ion No. of 

pat ients (%)

Sympt omat ic LICA st enosis 70-99% 45 (33.6)

Sympt omat ic LICA st enosis 50-69%  9 (6.7)

Sympt omat ic RICA st enosis 70-99% 43 (32.1)

Sympt omat ic RICA st enosis 50-69%  4 (3)

Asympt omat ic LICA st enosis 15 (11.2)

 Cont ralateral occlusion  9

 Next  cardiovascular surgery  5

 Ulcerated and irregular plaque  1

Asympt omat ic RICA st enosis 14 (10.4)

 Cont ralateral occlusion  7

 Next  cardiovascular surgery  6

 Ulcerated and irregular plaque  1

Bilat eral  and cl inical  st enosis of  low 

cerebral  expense

 4 (2.9)

LICA: left  internal carot id artery; RICA: right  internal carot id 

artery.

Table 3 Morbidity-mortalit y associated to the procedure 

(0-30 days)

Complicat ions No. of 

pat ients (%)

Thromboembol ic compl icat ions 1 (0.7)

 Asymptomat ic stent  thrombosis 1

 Ischemic st roke 0

Reperfusion syndrome 4 (2.9)

 Parenchymatous haemorrhage 1

 Cerebral oedema 3

  Benign development 2

  Haemorrhagic t ransformat ion 1
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performed under “ minimum condit ions”  regarding the 
degree of experience of the intervent ionists, anaesthet ic 
and operat ion room condit ions and the existence of 
protocols for admission and performance of this technique. 
Morbidity and mortalit y rates close to 10%, as those found 
in the previously ment ioned studies, can be explained 
through non-compliance with these minimal condit ions.

Regarding the degree of experience, there is an average 
of 50-60 CAS every year at  the HUVA, which are always 
performed by a neurointervent ionist  with experience in this 
technique, aided by another one in t raining. Once the 
second doctor has been suffi cient ly t rained, he begins to 
t rain a third one, who then takes his place. With this 
method, the presence of someone with experience in this 
technique is always guaranteed during the intervent ion. 
The number of necessary intervent ions to consider someone 
capable of performing it  has been discussed, but  will always 
be far from what  was accepted in studies like EVA 3S, where 
anyone who had part icipated in 5 carot id artery procedures 
was considered as a qualifi ed intervent ionist  (as long as 
they had performed 35 stents in other supra-aort ic t runks), 
12 carot id stents during their career, or simply if  they were 
tutored by someone who met  these requirements. The same 
is t rue with the minimum number of annual intervent ions 
per hospital,  which is sure to be far from the average of 
cent res included in the EVA 3S study (1.6 CAS per year).

The presence of an anaesthet ist  is necessary in CAS 
intervent ions, as they make it  possible to sedate the pat ient  
when needed, cont rol the vagal phenomena that  occur in 
relat ion to the infl at ion of angioplasty balloons and stent  
deployment  (bradycardia, hypotension, asystole) and to 
t reat  other possible complicat ions that  may appear during 
the procedure in these mult ipathological pat ients, such as 
arrhythmias, chest  pain, hypertensive crisis, etc. 12 In studies 
such as EVA 3S, the presence of an anaesthet ist  was not  a 
requirement .

An admission protocol supervised by neurologists ensures 
correct  indicat ion of CR, and is essent ial in start ing the 
appropriate premedicat ion and performing an adequate 
follow-up during admission and on an outpat ient  basis. The 
EVA 3S study does not  specify this, but  clinical cont rol was 
probably carried out  by the vascular surgeons who designed 
the study and who presumably did not  have much experience 
in detect ing and diagnosing cerebrovascular events. As an 
example, it  would be interest ing to know what  percentage 
of pat ients followed appropriate t reatment  with stat ins or 
inhibitors of the angiotensin conversion enzyme as part  of 
the management  of their coronary heart  disease, or what  
percentage of them underwent  a preprocedural brain 
imaging test  to assess the ischemic lesion load and the 
associated reperfusion risk.

Performing this technique in a systemat ic,  rout ine way 
(in our case, an average of  1 or 2 weekly intervent ions) 
makes the appearance of  complicat ions less l ikely because 
it  is a technique with which everyone is famil iar.  The use 
of  distal protect ion fi lt ers, 13,14 dual ant iplatelet  therapy 
and int raprocedural ant icoagulat ion make the appearance 
of  thromboembolic complicat ions during the technique 
less l ikely (none in our series).  In the EVA 3S study, the 
mean number of  CAS intervent ions was 1.6 per year (50-60 
per year in our case);  15%-20% of pat ients did not  have 

dual ant iplatelet  therapy and protect ive fi lt ers were not  
used.

Summing up, our series corroborates the fact  that  CAS is 
not  a t rivial procedure, but  rather a technique that  can be 
complex and must  be carried out  by specialists with 
adequate t raining, clearly superior to that  required in 
studies like EVA 3S. Our study also emphasises that  the 
performance of a minimum number of yearly intervent ions 
is crit ical,  as is the existence of an admission protocol 
cont rolled by the Neurology service that  includes the 
opt imisat ion of medical t reatment , t racking and monitoring 
at  the st roke unit  and early discharge. The best  measure of 
the effi ciency of these points and the limitat ions of the 
inclusion criteria used in the EVA 3S or SPACE studies is the 
disparity of results obtained in these dif ferent  studies.

At  the same t ime, our results also suggest  that  the 
condit ions of the hospital must  be taken into account  when 
deciding which CR technique is opt imal. The st ruggle to 
establish which technique is bet ter does not  make sense 
when studies have proven that  morbidity and mortalit y 
rates vary according to the condit ions and experience at  
every cent re. Moreover, this confl ict  can make us forget  the 
key to both techniques, which is that  under specifi c 
condit ions both techniques are safe and effect ive for the 
t reatment  of carot id disease.
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