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 ABSTRACT 

Objective: In carotid angioplasty a lot of interventionists avoid predilatation 
or perform predilatation using smaller diameter balloons to avoid distal 
embolization. The objective of our study was to determine the procedural 
safety and complications of predilatation of carotid artery using adequate 
diameter balloon in patients undergoing angioplasty. 

Methodology: Symptomatic patients with greater than 50% common 
carotid artery (CCA) or internal carotid artery (ICA) stenosis, asymptomatic 
patients with 80% or more carotid stenosis, asymptomatic patients planned 
for Coronary Artery Bypass Graft Surgery (CABG) with bilateral severe 
carotid stenosis (70-99%) or a unilateral severe carotid stenosis with a 
contralateral occlusion undergoing CABG, were selected for carotid artery 
angioplasty. Cerebral angiogram was performed before and after carotid 
intervention. 

Results: A total of 25 patients were included in this study. Adequate 
diameter balloon used for predilatation before stenting in all cases. Post 
dilatation was required in 6 (24%) patients. Distal embolic protection 
device was used in all patients. No complication was seen after 
predilatation in any case. No mortality or neurological deficit was seen in 
the study. 

Conclusion: This study shows that proper predilatation with adequate 
diameter balloon, sized according to diameter of internal carotid artery, 
before carotid stent implantation is an effective and safe procedure. We 
believe that this leads to good stent expansion and full apposition with 
better long term outcomes. Moreover it is now important to adequately 
predilate carotid arteries, for proper sizing of carotid stents with close cell 
design, to avoid unnecessary longitudinal stent lengthening due to 
inadequately prepared carotid bed. 
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INTRODUCTION 

Cerebrovascular accident is the third leading reason 
of mortality in the United States. Almost 750,000 
people have a stroke every year, costing an almost 
$45 billion in treatment and loss of productivity.1 
Moderate to severe (50%–99%) carotid artery 
stenosis is an important public health concern.2 

Internal carotid artery stenosis causes almost 7-10 
% of ischemic strokes.3 Extracranial carotid artery 
stenosis is cause of approximately 20-30% of 
ischemic strokes. Previously, carotid artery stenosis 
was treated with carotid endarterectomy. However, 
with the low periprocedural complication rate and the 
increased durability, carotid artery stenting has 
made it a good alternative treatment approach4 and 
this must be compared against the increased risk of 
procedural myocardial infarction, cranial nerve palsy, 
and access-site hematoma associated with 
endarterectomy.5 

The overall technical success rate of carotid artery 
stenting is greater than 95%. Procedure related 
mortality rate varies with experience of operators but 
in one study suggested it as 0.6 to 4.5%, with major 
stroke rate being 0 to 4.5% and minor stroke rate 0 
to 6.5% and rate of restenosis at 6 month as less 
than 5 %.1 

CAS with embolic protection device as compared to 
carotid endarterectomy is considered not only 
feasible but also safe in asymptomatic patients 
undergoing CABG surgery.6 Previous clinical trials 
performed suggested that patients having average 
or high risk for surgical complications will benefit 
more from carotid artery stenting with embolic 
protection as compared to carotid endarterectomy.7 

The CREST Carotid Revascularization 
Endarterectomy vs. Stenting Trial showed that both 
carotid artery stenting and carotid endarterectomy 
had similar rates of death and stroke. During the 30 
day periprocedural period however carotid 
angioplasty has greater risk of stroke in patients 
aged more than 70 years whereas patients with 
carotid endarterectomy had higher chances of MI.8 

.Carotid endarterectomy (CEA) is recommended for 
patients with greater than 70% internal carotid artery 
stenosis if patients are at low risk for perioperative 
stroke, myocardial infarction (MI), or death.9 The 
SAPPHIRE Worldwide Registry supports CAS as an 

alternative to CEA in patients who are at high-risk for 
surgery due to anatomic risk factors.10 

Studies have shown that balloon predilatation when 
performed in carotid artery stenting has acceptable 
periprocedural complication rates11 but most of the 
studies done on predilatation for carotid stenting 
used 2-3mm diameter balloons and therefore the 
purpose of our study is to use adequate diameter 
balloons for predilatation, sized according to 
diameter of internal carotid artery and to look at its 
procedural safety and complications. 

METHODOLOGY 

This is a cross sectional study, conducted at 
Rawalpindi Institute of Cardiology. Permission was 
taken from hospital ethical committee prior to 
conducting the study. Informed consent was taken 
from all the patients. Symptomatic patients with 
greater than 50% common carotid artery (CCA) or 
internal carotid artery (ICA) stenosis, asymptomatic 
patients with 80% or more carotid stenosis, 
neurologically asymptomatic patients planned for 
Coronary Artery Bypass Graft Surgery (CABG) with 
bilateral severe carotid stenosis (70-99%) or a 
unilateral severe carotid stenosis with a contralateral 
occlusion undergoing CABG, were selected for 
carotid artery angioplasty and were included in this 
study. Candidates for Carotid intervention amongst 
CABG candidates were selected based on above 
criteria which was adopted from ACCF/AHA CABG 
guidelines.12 In CABG patients with bilateral disease, 
only single carotid artery with more severe stenosis 
was intervened with angioplasty as per ACCF/AHA 
CABG guidelines.12 Complete carotid artery 
occlusions were not intervened.  

All patients with significant carotid stenosis and 
candidates for carotid intervention were seen by 
vascular surgeon for consideration of carotid 
endarterectomy and carotid angioplasty was only 
carried out on those who were rejected by vascular 
surgeon due to any technical reason or 
comorbidities or patient refused endarterectomy and 
opted for carotid angioplasty. Post carotid stenting, 
CABG was postponed for one month to complete 
dual antiplatelet therapy duration after which 
clopidogrel was stopped and patients could undergo 
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CABG without increased risk of bleeding. Neurologic 
examination was performed at baseline pre-
procedure, immediately post-procedure and before 
hospital discharge. Cerebral angiogram was 
performed before and after carotid intervention to 
confirm patency of cerebral vessels. Anti-
hypertensives were discontinued 24 hours prior to 
procedure. 300mg Aspirin and 600mg clopidogrel 
were given as loading doses before procedure. 
Heparin intravenously 80 units/Kg were given at the 
start of procedure to all patients. All carotid 
interventions were performed by interventional 
cardiologists via trans-femoral access through 8F 
guide catheters. Accunet distal protection device 
(Abbott Vascular) was deployed as the first step 
before predilatation. However in very critical carotid 
stenosis where distal protection device could not 
cross, predilatation with 2mm coronary balloons at 
nominal pressure was performed followed by 
deployment of distal protection device. Carotid 
predilatation was then performed in all patients using 
adequate diameter Viatrac 14 peripheral balloons 
(Abbott vascular), sized according to dimeter of 
internal carotid artery to prepare the carotid bed 
proper to accept the stent. Carotid artery sizing was 
done on angiographic eye balling. TPM was not 
implanted in any case but prophylactic 0.5-1mg 
atropine was given to all cases prior to predilatation 
to avoid significant bradycardia in response to 
baroreceptor reflex after predilatation in carotid bulb 
region. In case of hypotension before predilatation, 
dopamine infusion was initiated to raise the blood 
pressure to prevent significant hypotension as a 
result of baroreceptor response to balloon 
predilatation. Acculink self-expanding carotid stent 
(Abbott Vascular), sized according to diameter of 
common carotid artery, was then deployed. Post 
dilatation of stent was only reserved for cases with 
significant residual stenosis. Distal protection device 
was then removed at the end of the procedure. Final 
check cerebral angiogram was then performed to 
look at the patency of cerebral vessels. Anti-
hypertensive medication that was withheld 24 hours 
prior to the procedure was immediately restarted 
post procedure to keep the blood pressure under 
control to avoid hyper perfusion syndrome. All 
patients were advised dual antiplatelet therapy 
aspirin 75mg daily and clopidogrel 75mg daily for 
one month followed by lifelong aspirin. 

Data analysis was done using SPSS version 24, 
Frequency and percentages were computed for 
qualitative variables that are gender, site of 
intervention balloon sizes and complications. Mean 
and standard deviations were calculated for 
quantitative variables such as age. 

Figure 1: Right carotid intervention with 
predilatation using 5x20mm balloon and then 
stent. Also visible is Left carotid stent from 
previous intervention 

 

RESULTS 

A total of 25 patients were included in this study. 
Mean age with S.D of patients enrolled in the study 
was 65 ±8.38 years. 24(96%) patients were male 
and 1(4%) patient was female. Carotid angioplasty 
was done on right ICA in 14(56%) patients and left 
ICA in 11(44%) patients. 5 (20%) patient were 
detected on carotid doppler during pre CABG work 
up and out of these 4 patients had bilateral severe 
carotid disease and 1 patient had one sided total 
occlusion and other side 80% carotid stenosis. 
Adequate diameter balloons, sized according to 
diameter of internal carotid artery, mostly 5x20mm or 
4.5x20mm were used for predilatation before 
stenting in all cases. Post dilatation was required in 
6 (24%) patients. Distal embolic protection device, 
ACCUNET (Abbott Vascular), was used in all 
patients. Accunet 6.5mm was the commonest size 
used, a decision based upon diameter of internal 
carotid artery. No complication was seen after 
predilatation in any case. However transient carotid 
artery spasm post stenting was seen in one case 
and resolved with intra carotid medication. Slow flow 
after post dilatation of stent was seen in one case 
which resolved spontaneously on removal of distal 
protection device. No procedural or in hospital 
mortality or neurological deficit was seen in the 
study. 

Table 1: Site of Carotid Intervention 

SITE Frequency Percentage 

Left ICA 11 44% 

Right ICA 14 56% 

Total 25 100% 
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Table 2: Balloon Size Used for Predilatation and 
Postdilatation 

Balloon size Frequency Percentage 

Predilatation 

4.5x20mm 7 28 

5.0x18mm 1 4 

5.0x20mm 17 68 

Postdilatation 

5.0x20mm 6 24 

DISCUSSION  

Carotid artery stenting (CAS) is now well established 
as a safe and effective procedure for treatment of 
carotid artery stenosis. Studies such as  CAPTURE 
trial have shown no significant difference between 
carotid stenting and endarterectomy procedure in 
terms of  composite primary endpoint of 
periprocedural stroke, MI or death and subsequent 
ipsilateral stroke.13 The Lexington study, CREST 
and ACT-1 state that after the perioperative period 
had elapsed, there was no change in rates of late 
ipsilateral stroke, suggesting that CAS was as 
affective as CEA.14 Carotid artery lesions that are 
stenotic may also be heavily calcific or have a 
fibrous scar from past endarterectomy. A brief 
predilatation with balloons is helpful.15 Experimental 
work done by Ohki etal showed that not only greater 
embolic debri was released with primary stenting 
without predilatation but also when lesion was 
predilated with large peripheral balloons which tend 
to form traumatic wings after deflation . Balloon 
predilatation is considered to create a small passage 
which facilitates stent delivery. Certain practices 
recommend using low profile coronary balloons as 
these balloons rewrap well without residual wings 
causing less risk of trauma to plaque during 
withdrawal of balloon. In case stenotic lesion is pre-
occlusive gradual step up of balloon size is 
recommended by Nadeem ul Mubarak in his book 
“Carotid artery stenting Current practice and 
techniques” to minimize plaque disruption and distal 
embolization. In such scenarios initially predilatation 
is performed using 2x 40mm balloon followed by a 
second predilatation using 4x40mm balloon and in 
rare cases of calcific lesions a large 5mm balloon is 
used.16 It gave good end point results as adequate 
predilatation not only helps in preparing path for 
easing stent crossing but helps in dilating calcific 
lesions which would not be possible with direct 
stenting. As forceful crossing of stents can cause 
major dissections in ICA, primary stenting is 

associated with scissoring effect of the stent struts 
on the plaque.10 In our practice as seen in this study 
we size the predilatation balloon according to the 
size of internal carotid artery but never went beyond 
5mm diameter and only carry out this predilatation 
after deployment of distal protection device and we 
did not see any visible distal embolization or no flow 
etc. as a result of this predilatation. However as 
mentioned above in materials and methods, if the 
carotid artery stenosis is very critical and it is not 
possible to easily pass the distal protection device 
across the lesion then we go with sequential 
predilatation procedure, whereby we predilate first 
with a small 2mm coronary balloon and create a 
small passage for the distal protection device to go 
across and then after its deployment we used 
adequately sized balloon for proper predilatation of 
the stenotic lesion.  

According to a study published in 2012 in JACC risk 
of stroke and death during carotid artery stenting is 
more frequently associated in cases where cerebral 
protection is not used rather than predilatation.17 We 
used distal protection device in all of our carotid 
interventions and reason for not using proximal 
protection device was non-availability of the device 
in our institution at the time of this study. Post 
dilatation is considered to be associated with 
thromboembolic complications therefore several 
times carotid artery stenting is performed without 
post dilatation. Most emboli are produced in post 
dilatation step of procedure which occurs when 
balloon pushes struts of the stent against 
atheromatous plaque.18 Carotid artery stenting 
without post dilatation is considered safe and is 
associated with less risk of stroke.19 We perform 
adequate pre-dilatation and hence avoid the risk of 
distal embolization due to cheese cutting effect 
associated with post dilatation after stent 
implantation. In our study we required postdilatation 
in only six patients (24%) and we did see one slow 
flow as a result of post-dilatation as explained in 
result section. The main purpose of cerebral 
protection device is to prevent embolization of 
atheromatous debris into cerebral circulation during 
the whole carotid intervention20 and therefore we 
remove the protection device only at the end of the 
procedure as the last step. Stroke is the most feared 
complication of carotid revascularization that 
reduces the benefit of the procedure in overall stroke 
prevention21 but we did not encounter this 
complication in any of our case. Vasospasm may be 
faced before or just after filter removal, and this is 
usually managed by observing. Rarely, the 
administration of a vasodilator is required. 
Nitroglycerin is the most commonly used drug to 
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treat flow-limiting vasospasm22 and we saw this 
complication in only one case which resolved 
spontaneously with conservative approach. No 
reflow or slow flow as seen in one of our cases may 
be encountered during carotid intervention and 
usually occurs after post dilatation of stent. This is 
promptly treated with aspiration of blood column in 
the internal carotid artery to remove any clot or 
thrombus or removal of filter distal protection device 
in order to prevent distal embolization.23 

This study is limited by the fact it is not a randomized 
control trial and that is what is required in future to 
compare safety and clinical outcomes of carotid 
angioplasty with adequate size carotid predilatation 
vs. direct carotid stenting. 

CONCLUSION 

This study shows that proper predilatation with 
adequate diameter balloon, sized according to 
diameter of internal carotid artery, before carotid 
stent implantation is an effective and safe 
procedure. We believe that this leads to good stent 
expansion and full apposition with better long term 
outcomes. Moreover it is now important to 
adequately predilate carotid arteries for proper sizing 
of carotid stents to avoid unnecessary longitudinal 
stent lengthening due to inadequately prepared 
carotid bed with closed cell type of stents. 
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