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Abstract

Stroke is a second leading cause of death and disability in both 
developed and developing countries. 8-10% of ischemic strokes 
are caused by stenosis consequent to intracranial atherosclerotic 
disease. A growing body of evidence suggests that an aggressive 
approach may be indicated for patients with intracranial stenosis in 
the face of persistent symptoms despite adequate medical manage-
ment, as the incidence of stroke or death in such situations is greater 
than 50%. By comparison, patients who fail medical management 
and intravenous thrombolysis, the risk of neurological complica-
tions from angioplasty, stenting, or both together, has been reported 
as 0% to 28%. The technical success rates for immediate, delayed 
and rescue angioplasty are very good (71-100%). Stenting is an op-
tion following angioplasty of a stenosed vessel and in case of em-
bolic strokes where angioplasty alone produces only a temporary 
recanalizing effect. The rate of stroke and death from intracranial 
angioplasty and stenting is up to 10%, which is favorable when tak-
ing into consideration the risks of failed medical management. Cur-
rently, endovascular intervention is usually undertaken when medi-
cal management fails. Studies demonstrate angioplasty and stenting 
to be safe and effective. Technical success rate of angioplasty and 
stenting is up to 98-99%. In this review, we address the indications 
for intracranial angioplasty and stenting and provide a reasonably 
detailed account for readers who perform these procedures. We will 
also address the potential complications that might arise during in-
tervention and provide practical tips towards successful resolution.
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Introduction

Stroke is the second leading cause of death in the developed 
and third leading cause of death in the developing countries. 
It is the third leading cause of death (1 death every 3.5 min-
utes) and fi rst leading cause of disability in North America 
[1, 2]. Eight to ten percent of ischemic strokes are caused by 
stenosis consequent to intracranial atherosclerotic disease.

The current guidelines recommend intravenous (IV) 
thrombolysis if treatment is instituted within 3 hours of onset 
of anterior circulation stroke. The treatment window is lon-
ger for posterior circulation strokes, due to a lesser likelihood 
of hemorrhagic conversion of infarct [3]. Medical manage-
ment for unstable, transient ischemic symptoms or crescendo 
transient ischemic attacks (TIA) may also include IV heparin 
or glycoprotein IIb/IIIa inhibitors such as abciximab or inte-
grilin. If an isolated lesion such as cervical carotid stenosis 
is responsible, then urgent endarterectomy is indicated [4].

A growing body of evidence suggests that a similar ag-
gressive approach may be indicated for patients with intra-
cranial stenosis in the face of persistent symptoms despite 
adequate medical management, as the incidence of stroke or 
death in such situations is greater than 50% [5]. In these pa-
tients who fail medical management and intravenous throm-
bolysis, the risk of neurological complications from angio-
plasty, stenting, or both together has been reported as 0% to 
28% [6, 7]. Angioplasty alone is a viable option. The techni-
cal success rate for immediate (acute angioplasty performed 
for > 70% residual stenosis immediately after thrombolysis) 
and delayed angioplasty (performed for symptomatic res-
tonosis or reocclusion within several hours or few days) is 
up to 100%. For rescue angioplasty (performed when there 
is persistent vessel occlusion or stenosis because of ineffec-
tive chemical or mechanical thrombolysis), it is 71% [8-10]. 
Stenting is a consideration following angioplasty of a ste-
nosed vessel. It is also indicated in embolic strokes where 
angioplasty alone produces only a temporary recanalizing 
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effect [11]. The rate of stroke and death from intracranial an-
gioplasty and stenting is 9.5% [12]. The rate of restenosis is 
32.4% to 35%, of which 50% become symptomatic [13, 14]. 
The option of conventional surgical intervention fell into dis-
favor following the EC/IC bypass study, which demonstrated 
no advantage for EC-IC bypass and greater rates of fatal and 
non-fatal strokes [15].

The above mentioned statistics favor endovascular inter-
vention when medical management or IV recombinant tis-
sue plasminogen activator (rt-PA; Activase®; Genentech, San 
Francisco, CA) fail. Additionally, the rate of recanalization 
with IV rt-PA is up to 30% [16], necessitating the availability 
of bridging therapies. With intra-arterial TPA, the recanali-
zation rate is 50-60% [11]. Studies demonstrate angioplasty 
and stenting to be safe and effective [9, 11, 17]. Technical 
success rate of angioplasty and stenting is up to 98-99% [11, 
18, 19].

Procedural Overview
  

Indications

Chemical thrombolysis in the form of intravenous rt-PA, is 
indicated when the stroke patients present within the three 
hour time frame and have an NIHSS score of less than 20 
[20]. The endovascular treatment of stroke commonly in-
clude the options of intra-arterial chemical thrombolysis as 
well as, mechanical thrombolysis and thrombectomy. Intra-
arterial rt-PA is reserved for patients where angiography 
may be performed and treatment administered within 3 and 
6 hours after symptom onset with an NIHSS score of greater 
than 4, or those with an NIHSS score of greater than 20 and 
the ability to treat within 6 hours [3, 21]. Before treatment, 
CT scan is performed to rule out a hemorrhagic infarct or 
those with hypodensity or mass effect consistent with evolv-
ing infarct involving more than one-third of middle cerebral 
artery territory. A growing number of centers are also using 
CT perfusion or a similar study, to assess the feasibility of 
intervention. Such studies are anticipated to largely replace 
time as an intervention parameter. Thrombolytic devices 
such as Merci (Concentric Medical, Mountain View, CA) 
and Penumbra (Penumbra, Alameda, CA) systems are avail-
able as options for recanalization and have variable effi cacy 
[5, 22, 23]. However, reopened arteries may reocclude con-
sequent to thrombosis or vasospasm. In such cases, rescue 
angioplasty with or without stenting may prevent reocclu-
sion in a stenotic artery and permit distal infusion of throm-
bolytic agents [9]. In addition, mechanical disruption of an 
occlusive thrombus using a mechanical retrieval device or 
balloon angioplasty may fragment the thrombus and pres-
ent a greater surface area for thrombolytic agent binding and 
may improve the effi cacy of chemical thrombolysis [14].

To this end, angioplasty is a consideration in symptom-

atic intracranial stenosis that is focal and in an accessible 
location, namely, proximal to A2, M2 and P2. The addition 
of stenting becomes a consideration when vessel dissection 
occurs at site of stenosis, or it becomes apparent that the ves-
sel is unlikely to remain patent with chemical thrombolysis 
and angioplasty alone.

Preoperative management

Maintain two intravenous lines, preferably 18 G or larger. 
Insert a Foley catheter.

Verify the laboratory values including Platelet count, 
BUN, CR, APTT, PT/INR, and β-HCG for females in the re-
productive age group. In case of renal insuffi ciency, diabetes, 
congestive heart failure and so on, ensure usage of diluted 
non-ionic contrast agent and carefully pre-plan to maintain 
contrast load to minimum. Additionally, patients’ allergy to 
metals such as nickel and any unusual hypergoagulable state 
should be known. Both may preclude the use of stents.

In an acute situation where there is no opportunity to 
pre-medicate for endovascular intervention and stenting is 
anticipated, load the patient with Clopidogrel (Plavix®; Bris-
tol-Myers Squibb Co., Bridgewater, NJ and sanofi -aventis, 
Kansas city, MO) 600 mg (8 tablets) orally prior to proce-
dure, if patient is capable of safe oral intake. The loading 
dose may be reduced to 300 mg (4 tablets) if it can be given 
at least 6 hours prior to intervention. Usually, clopidogrel is 
administered as 75 mg PO daily starting 3 - 5 days before 
procedure. Alternatively, Abciximab (Reopro®, Eli Lilly and 
Co., Indianapolis, IN) may be used in a loading dose of 0.25 
mg/kg followed by continuous IV infusion of 0.125 μg/kg/
min (max. 10 μg/min) for 12 hours. If abciximab is used, 
it should be administered after vascular access has been 
achieved and secured for intervention. If stenting is complet-
ed, continue administration of clopidogrel 75 mg orally the 
same evening and then 75 mg per os (PO) daily for at least 4 
weeks. Additionally, the patient is placed on aspirin 81 - 325 
mg PO daily. In an acute stroke, time is of the essence and 
the preoperative preparation as well as the procedure should 
be performed with urgency, so as not to squander the narrow 
time frame available for intervention.

Technique

Intraoperative monitoring should include pulse oximetry, 
ECG, O2 saturation, cardiac rate and rhythm, respiratory rate 
and blood pressure. Femoral artery access is secured with a 
6 French sheath (e.g., Pinnacle; Terumo Interventional Sys-
tems, Tokyo). In older individuals or those with signifi cant 
peripheral vascular disease, a longer sheath (45 cm) or a 
shuttle sheath (90 cm) may be necessary. If the use of Merci® 
or penumbra® device is planned, a larger caliber (8 or 9 Fr) 
sheath may be required. Consider placing one from the out-
set, or have one readily available to make a quick exchange 
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when the need arises.
If the location of cerebral lesion is uncertain, the site of 

occlusion and any collateral fl ow may be assessed quickly 
with a 5 Fr pigtail catheter in the aortic arch. Center the im-
age intensifi er or detector over the patient’s head, ensuring 
both right and left sides are in the fi eld and inject contrast 
at a rate of 20 mL/sec for a total of 30 mL. This will permit 
identifi cation of the site of occlusion as well as defi ning any 
collateral fl ow.

Once the lesion is defi ned and deemed suitable for an-
gioplasty and or stenting, administer heparin intravenously to 
target an activated clotting time (ACT) of 300 - 350 seconds 
in cases performed for TIAs. This can usually be achieved 
with a dose of 50 - 70 IU of heparin per kg body weight. The 
ACT is tested hourly throughout the procedure and heparin 
administered IV to maintain the target ACT. In cases of acute 
stroke, a lower dose of 2000 - 3000 IU may be administered 
and supplemented by a continuous infusion of 400 IU/h. Pre-
pare a 6F guide catheter (Envoy; Cordis Endovascular Sys-
tems, Miami Lakes, FL) with continuous heparinized saline 
fl ush which is regulated with a pediatric transducer between 
the tubing, to ensure the heparinized saline fl ush runs con-
tinuously at a rate of 30 mL/hr.

Ensure that the carotid and vertebrobasilar vasculature 
have been satisfactorily visualized prior to catheterizing, in 
order to be cognizant of any asymptomatic pathology includ-
ing stenosis or atherosclerotic plaque. It is also necessary to 
pay attention to the likelihood of tandem lesions.

Advance and position the guide catheter to provide sup-
port in the affected artery, remaining proximal to the lesion. 
When there is evidence of arterial occlusion in a distribution 

consistent with the acute neurological defi cit, consider intra-
arterial thrombolysis. Thrombolysis is performed with an 
infusion microcatheter (Rapidtransit; Cordis Endovascular 
Systems, Miami Lakes, FL) guided to the site of the lesion 
via the guide catheter over a microguidewire (Transcend; 
Boston Scientifi c, Natick, MA), using road mapping and 
fl uoroscopy. Whenever possible, advance the microcatheter 
distal to the site of occlusion and gradually pull back through 
the clot to permit infusion of thrombolytics distal to, within, 
and proximal to the occluded segment [9]. We use rt-PA and 
1 - 2 mg is administered manually distal to the major occlu-
sion, followed by an infusion of 0.5 mg/mL at 20 mL/hr (10 
mg/hr). The infusion is prepared by mixing 10 mg of TPA in 
20 mL on normal saline, resulting in a concentration of 1 mg 
rt-PA per 2 mL saline (or 0.5 mg/mL). Perform angiography 
every 15 minutes (following infusion of 2.5 mg rt-PA) as the 
catheter is gradually drawn back through the clot. Recross 
the lesion after each 15 minute angiogram if the artery is still 
occluded, inject 1 - 2 mg rt-PA manually and resume the t-PA 
infusion. The maximum dose administered intra-arterially 
(including boluses and infusion) is 22 mg. The calculation of 
maximal intra-arterial dose does not include the intravenous 
infusion, which is 0.6 mg/kg according to our protocol [21]. 
Infusion is discontinued when 1) adequate recanalization is 
achieved, 2) extravasation of contrast material is noted on 
angiography, 3) a maximum dose of 50 mg has been admin-
istered, or 4) the administered dose approaches the maxi-
mum dose without clinical or angiographic improvement. 
Other options for intra-arterial thrombolysis include abcix-
imab, urokinase and prourokinase. If thrombolysis results 
in inadequate or failed recanalization, angioplasty may be 

Figure 1. (a) Right common carotid artery (ICA) injection demonstrating symptomatic stenosis involving right internal ca-
rotid artery and particularly middle cerebral artery (MCA; arrow). (b) Angioplasty and stenting of ICA and MCA resulting in 
signifi cant reconstitution of blood fl ow in the anterior and middle cerebral arteries. The tip of the guidewire is in the opercular 
segment of MCA, well distal to the area of stenosis. The arrow points to the distal radiopaque markers on the stent extending 
from ICA to MCA.
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performed (see ‘Angioplasty’ below) [9].
In case stenosis is the cause of presenting symptoms, 

angioplasty and stenting may be indicated (Fig. 1). Measure 
the length and width of the stenotic lesion along with, the 
width of normal vessel proximal and distal to the stenosed 
segment, on angiography. Select an angioplasty balloon 
which is approximately 75-80% the size of the artery proxi-
mal and distal to the stenosis (Fig. 2).

If stenting is needed, select a stent with a diameter equal 
to or slightly greater than the normal caliber of the vessel. 
The length of the stent should be at least 2 - 3 mm beyond 
the proximal and distal aspect of stenosis each. Prior to 
commencing angioplasty, again ensure the guide catheter is 
appropriately positioned to support the angioplasty micro-
catheter and stent systems. A working view is selected that 
elongates the target artery with adequate magnifi cation. In 
addition to the roadmap, a native live fl uoroscopy image 
should be available at all times.

Angioplasty

The goal of angioplasty should be to dilate the stenosis to 
approximately 75-80% of the normal vessel proximal and 
distal to stenosis. Attempting to achieve normal diameter 
or overdilating the artery may result in dissection or vessel 
rupture. If the angioplasty is being performed for embolic 
occlusion, the goal is reestablishment of blood fl ow through 
the occluded vasculature.

For the purpose of preparing the balloon catheter, pre-

pare a dilute solution of approximately 2/3 contrast and 1/3 
saline for balloon infl ation. It is our practice not to purge 
the balloon catheter outside the patient, so that it retains its 
original smooth contour while crossing the lesion. Instead, 
we perform a negative pressure preparation after the balloon 
is positioned across the lesion by aspirating the infl ation lu-
men with a large (20 mL) syringe containing 2 - 3 mL of the 
dilute contrast solution and then releasing the negative pres-
sure created. If the syringe is held upright, the air from the 
infl ation lumen will rise as bubbles in the syringe and then be 
refi lled with the contrast solution.

Preparation of infl ation device with manometer

Fill a 20 mL syringe with 10 mL contrast and 5 mL hepa-
rinized saline (2/3 : 1/3 concentration). Attach a Three-way 
stopcock to the infl ation device and connect the 20 mL sy-
ringe containing contrast medium to the sideport of the stop-
cock. Aspirate the contrast into the infl ation device, leaving 
only 2 - 3 mL within the syringe. Purge any air out of the 
barrel and tubing of the infl ation device, all the way to the 
distal portal of the stopcock. Leave infl ation device on table, 
until it is needed.

Deployment of PTA balloon catheter for angioplasty

Ensure the dual-lumen, or “over the wire”, balloon catheter 
(Gateway™; Boston Scientifi c, Fremont, CA) is continu-
ously fl ushed with heparinized saline as it is loaded with a 
0.014” exchange length (300 cm) microwire and inserted into 
the guide catheter.  Once the distal aspect of balloon catheter 
is within the lumen of guide catheter, advance the microwire 
so that it leads the balloon catheter. Continue to advance the 
balloon catheter and wire assembly until the proximal mark-
ings on the balloon catheter align with the hub of the guide 
catheter RHV, indicating that the balloon catheter tip has 
reached the distal tip of the guide catheter. Perform fl uoros-
copy to confi rm location of the microcatheter, wire and guide 
catheter. Perform angiography in the appropriate working 
views, by hand injection of contrast using the free port of the 
stopcock connected in the guide catheter system, to visualize 
and treat the lesion. Using road map guidance, advance the 
wire with constant half rotatory motion to cross the lesion. 
Maintain adequate length of wire distal to the lesion to sup-
port the balloon catheter during advancement, until the two 
marker bands on the balloon catheter tip which indicate the 
proximal and distal ends of the angioplasty balloon are po-
sitioned across the lesion. For better visualization of mark-
ers also use concurrent native imaging and magnifi cation, 
as necessary. Perform angiography to ascertain appropriate 
positioning of the balloon relative to the stenosis. Repeat an-
giography every time the position of the balloons is adjusted, 
until completely satisfi ed with the position of the balloon.

Using the infl ation device fi lled with dilute contrast, 

Figure 2. Measurements of width of stenosed segment 
of MCA for stenting. The vessels are measured proximal 
(ICA) and distal (MCA) to the lesion to enable appropriate 
stent size selection. The length of the stent is at least 2 
mm longer at either end of the stenosed segment.
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aspirate the syringe (with nozzle pointing down) attached 
to the sideport of the stopcock to purge air out of the bal-
loon angioplasty system. Slowly release the plunger of the 
syringe, so that the air is replaced with the contrast left in 
syringe for purpose. Repeat this step at least 1 - 2 times to 
ensure all air has been purged from the balloon catheter. Turn 
the stopcock, so that it becomes open to the infl ation device. 
Using the chart provided with the balloon catheter to predict 
the balloon diameter during infl ation, slowly begin infl ating 
the angioplasty balloon. Infl ate slowly by turning the screw 
provided on the infl ation device at a rate ≤ 1 atm/15 sec (to 
“stretch” not “crack” the vessel). Perform fl uoroscopy fre-
quently to visualize progression of angioplasty. During in-
fl ation, the balloon may acquire a “waist” due to the stenosis. 
This resolves with the progression of angioplasty. Once the goal 
pressure is reached, oscillate from 1 to 2 atm above that pressure 
for 10 to 30 seconds before defl ation. Results of angioplasty 
and complete defl ation of balloon are evaluated immediately by 
angiography. In order to achieve complete defl ation, the stop-
cock may need to be opened to the syringe to aspirate the cath-
eter. Close the stopcock to syringe while aspiration is fully ap-
plied and confi rm complete balloon defl ation fl uoroscopically. 
If needed, angioplasty may be repeated by following the steps 
described above.

Removal of PTA balloon catheter

Confi rm complete balloon defl ation by performing fl uoros-
copy. Under continuous fl uoroscopy, begin catheter with-
drawal while the guidewire remains in position across the 
lesion. This is a two-person maneuver: The primary operator 
controls the guide catheter at the hub of the RHV and the 
second operator withdraws the balloon catheter over the wire 
while constantly observing the tip of the wire on the moni-
tor to ensure it is not withdrawn inadvertently. The entire 
assembly is kept straight to ensure adequate control and ma-
neuverability. The second operator progressively steps away 
from the fi rst while withdrawing the catheter over the wire to 
keep the system straight. Be vigilant to ensure the wire and 
catheter are not contaminated during the process by contact 
with unsterile surfaces. As soon as the distal tip of the bal-
loon catheter exits the hub of RHV, the fi rst operator grabs 
the wire and secures it by forming a small loop with it and 
holding it just next to the hub. The RHV knob is tightened 
around the wire. Then the fi rst operator uses a moist Telfa™ 
strip to wipe off the extraneous wire proximal to distally as 
the second operator completes the removal of the catheter 
off the wire.

Wipe off the balloon catheter with heparinized saline 
and store in a bowl with the same solution, in case it may be 
required for reuse. Perform angiography to assess and docu-
ment results. If satisfi ed the wire may be withdrawn. If stent-
ing is planned as the next step, maintain wire access access 
across lesion.

Stenting

Select a stent of the same size as or slightly larger than the 
normal size of the vessel to be stented. An undersized stent 
risks forward migration and/or dislodgement. The stent 
should extend at least 2 mm beyond the stenosed segment 
at either end.

Below follows the technique of stent deployment using 
the Wingspan™ (Boston Scientifi c Fremont, CA) stent sys-
tem.

Selection of appropriate stent

Study the angiogram to select the appropriate size of stent. 
Measure the normal vessel diameter proximal and distal to 
the lesion. Select a stent equivalent to or slightly larger than 
the diameter of the normal vessel. The length of the stent 
should be such that at least 2 mm of the stent extends proxi-
mal and distal to the lesion, for example, for a vessel with a 
diameter of 4.4 mm and a lesion length of 4 mm, use a 4.5 
mm stent (which expands to 4.9 mm) with a 9 mm or longer 
length (refer to table provided on package insert of product 
for sizing guidelines)

Preparation of stent

Using a 15 mL syringe, fl ush the dispenser hoop with sa-
line. Carefully pull out the proximal hub aspect of the system 
from the tray. Locate the RHV of the outer catheter and tight-
en it onto the inner stabilizing catheter of the stent system. 
Transfer the entire system out onto the table from the tray 
and dispenser hoop. Inspect the stent system for damage or 
fl aws including the position of the stent near the distal tip of 
the catheter.  Attach an RHV to the hub of the inner catheter, 
which is the most proximal aspect of the system. Flush the 
lumen of the inner catheter with heparinized saline. Loosen 
the previously tightened RHV of the outer catheter and fl ush 
the lumen with heparinized saline to purge any air. Gently 
advance the pusher of the inner catheter of the system until 
the proximal radiopaque markerband bumper is just proxi-
mal to the stent. Retighten the RHV of outer catheter to lock 
onto the inner catheter, so that the entire system will move 
as a single unit. There is an option of connecting heparinized 
saline fl ush to the side ports of the RHVs of the outer and 
inner catheters.

Deployment of stent

Fluroscopically ascertain that the guidewire is still across the 
lesion. Perform angiography in working view. Backload the 
stent system onto the guidewire. Loosen the hub of the RHV 
of the guide catheter and advance the stent system into it. 
When the stent system is just within the distal tip of the guide 
catheter, perform a roadmap to assist in navigation. Advance 
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the stent system over the guidewire until the stent crosses 
the lesion and the distal marker bands on the stent are just 
distal to the lesion. Ascertain the positions of the distal tip 
of the guidewire, distal marker bands on the distal tip of the 
stent, proximal marker band on the stent pusher/bumper. The 
distal tip of the guidewire should be crossing the lesion and 
well distal to the distal marker bands on the stent. The distal 
marker bands on the stent are kept just distal to the distal as-
pect of the lesion. The proximal marker bands are proximal 
to the lesion. Typically we achieve this by fi rst advancing the 
stent markers distal to the lesion, then pulling back into posi-
tion across the lesion. This ensures that redundancy has been 
removed from the delivery catheter to limit forward migra-
tion of the stent during delivery. Perform angiography and if 
needed, adjust the position of stent. Repeat angiography after 
each adjustment.

Loosen the RHV valve of the outer stent delivery cath-
eter and slightly withdraw the hub of the outer catheter until 
the stent is directly aligned with the lesion. Tighten the RHV 
and if needed pull back on the system to ensure that all slack 
has been removed and the system is completely straight. 
Perform angiography to ascertain satisfactory fi nal position. 
Ensure that vessel distal to the lesion is visualized. Loosen 
the RHV of the outer catheter.

Now deploy stent under continuous fl uoroscopy by sta-
bilizing the inner catheter with one hand while withdraw-
ing the hub of the outer catheter with the other hand. Watch 
on fl uoroscopy as the markerbands at the distal end of the 
stent spread out into multiple smaller markers, indicating 
the opening of the stent. Continue deployment in a single 
smooth motion until the stent is completely deployed. Do 
not attempt to move the stent or advance the outer catheter 
once the deployment is underway. After completion of de-
ployment, retighten the RHV of the outer catheter and gently 
withdraw the entire system maintaining wire access across 
the lesion. Once the system is out of the guide catheter RHV, 
secure the wire by forming a loop and holding it right at the 
guide catheter hub. Stop fl uoroscopy and remove the system 
off the wire. This is a two person maneuver performed as 
described above for removal of the angioplasty balloon.

Perform angiography including, standard AP and lateral 
views and before relinquishing wire access. Ascertain satis-
factory result by comparing it to pre-procedure angiogram to 
rule out any distal vessel cut off or change indicative of em-
bolism. After successful angioplasty and stenting, revascu-
larization of the previously occluded or stenotic vessels will 
be apparent. If the procedure was performed under conscious 
sedation, as is our preference, examine the patient carefully 
for any new neurological defi cits. Withdraw the guide wire. 
If percutaneous closure of the groin access site is intended, 
retract the guide catheter to the femoral artery and perform 
femoral angiogram in ≈ 45º ipsilateral oblique view. If the 
arteriotomy is proximal to femoral bifurcation and the vessel 
size is ≥ 4.9 mm, we prefer to perform closure with Angi-

oseal (St. Jude Medical, St. Paul, MN). Cover the access site 
with a sterile dressing.

Alternative stent system

We are increasingly using Enterprise™ Vascular Recon-
struction device (Cordis Neurovascular, Miami Lakes, FL) 
in vessels < 4.5 mm because of its ease of deployment, which 
is superior to other systems currently in market. Its limitation 
is the availability in only a single diameter: 4.5 mm. A brief 
description of its deployment is as follows:

Advance and navigate a 0.021 Prowler Select Plus (Cor-
dis) catheter attached to continuous fl ushing solution of 
heparinized saline, over a 0.010 or 0.014 microguidewire.  
The tip of catheter is placed distal to the stenosis. Carefully 
remove the vascular reconstruction device from its package. 
Release the delivery wire from the clip on the dispenser hoop 
and grasp the delivery wire and introducer together when re-
moving the device system from the hoop, to prevent stent 
movement. Ensure the entire system is damage free and that 
the tip of the delivery wire is within the introducer. Insert 
the distal end of the introducer partially into the RHV on 
the Prowler microcatheter. Tighten the RHV around the in-
troducer and fl ush the RHV to remove any air bubbles and 
confi rm that the saline exits the proximal end of introducer. 
Advance the introducer until it fully engages with the micro-
catheter and tighten the RHV. Advance the delivery wire to 
transfer the stent from the introducer into the microcatheter. 
Continue to advance the wire into the microcatheter until the 
delivery wire reference marker (150 cm from the wire tip) 
enters the introducer. Loosen the RHV and remove the intro-
ducer. From this point onwards, use fl uoroscopy to track the 
stent to the tip of microcatheter. Position the stent such that 
it extends 5 mm beyond the stenotic lesion both proximally 
and distally, by aligning the stent positioning marker on the 
delivery wire with the lesion. After the stent is appropriately 
positioned, carefully retract the microcatheter while main-
taining the delivery while stationary in position. The stent 
expands as the microcatheter is retracted.  If positioning is 
unsatisfactory, the stent can be recaptured and repositioned, 
until the point where the proximal end of the stent position-
ing marker is aligned with the distal markerband on the mi-
crocatheter. Maintain some tension on the delivery wire to 
keep the stent stable. Do not attempt to recapture and reposi-
tion more than once. Once the stent is completely detached, 
advance and position the microcatheter distal to the stent. In 
this manner, access will still be maintained after removal of 
delivery wire. Remove and discard the delivery system.

Potential complications and complication management

Problems encountered during angioplasty and solutions

1) Problem: Tandem lesions.
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Determine if there is any benefi t in dilating the proximal 
lesion, if distal lesion is inaccessible. Determine if both le-
sions need dilatation and if the same can be performed.

2) Problem: Inability to access the lesion or maintain ac-
cess because of tortuous vasculature.

Maneuver: Place a longer sheath (e.g., 45 cm) or a Shut-
tle sheath (90 cm) (Cook, Indianapolis, IN) for better sup-
port. In case of anterior circulation lesion, if need be, after 
placing the Shuttle sheath in the superior aspect of descend-
ing aorta, advance an H1 catheter over guidewire into the 
common carotid artery (CCA) of interest. Then advance the 
Shuttle sheath over the guide wire and H1 catheter into the 
CCA.

Consider percutaneous access other than femoral, for 
example, radial or brachial. Direct carotid access also largely 
eliminates tortuous vasculature. However, the risk of com-
plications including potentially fatal emboli, increases.

3) Problem: Balloon catheter will not move forward de-
spite advancing it.

This may be consequent to the guide catheter losing its 
position and dropping back into the external carotid artery 
(ECA), CCA, or further proximally.

Maneuver: Locate the tip of the guide catheter. In case 
it has dropped down, loosen the hub of the RHV attached 
to the guide catheter. Remove the redundancy in the system 
by pulling back the balloon catheter and guidewire within 
it concurrently, until the loops are gone and the system is 
straightened out. Advance the guide catheter over the micro-
catheter and microwire back into intended position.

4) Problem: Unable to cross the lesion with the balloon 
catheter

Maneuver: Use a smaller size balloon catheter to cross 
the lesion. Perform angioplasty to “pre-dilate” the lesion. 
Then, re-attempt deployment of balloon catheter of intended 
size alternatively, use a sequential dilatation technique. With 
the uninfl ated balloon positioned in the proximal end of the 
stenosis, infl ate the balloon. Then defl ate, advance the bal-
loon further, re-infl ate and repeat as necessary until the entire 
lesion can be crossed (“bump and run” technique).

5) Problem: Disconnection of infl ation device during 
angioplasty.

Maneuver: attach large barrel syringe to Balloon (side) 
port of catheter and aspirate to completely defl ate balloon 
prior to withdrawal.

6) Problem: Lack of fl ow distal to angioplasty on follow-
up angiography. This is probably due to acute vasospasm or 
dissection caused by the angioplasty.

Maneuver: Maintain wire access across the lesion. 
Rapidly deploy the stent across the lesion. Consider re-
peating the angioplasty. Also consider administration of 
verapamil through the microcatheter if vasospasm is sus-
pected, following completion of angioplasty and stent de-
ployment.

7) Problem: Proximal portion/tip of guide wire contami-

nated by touching unsterile surface, for example, the injector 
or IV poles during angioplasty. The maintenance of wire ac-
cess across the lesion is imperative. Therefore, the wire must 
not be withdrawn and discarded.

Maneuver: Use an alcohol swab to wipe off the exposed 
wire. As extra precaution, repeat wipe with a second swab.

Problems encountered during stenting and solutions

1) Problem: Difference in size of vessel proximal and distal 
to stent.

Maneuver: Choose a self-expanding stent using the larg-
er size measured, for example, if the basilar artery measures 
4 mm and the posterior cerebral artery is 2 mm. The size of 
the stent should be ≥ 4 mm.

2) Problem: Resistance in advancing the stent system.
Maneuver: Ensure the system is straight and there is no 

redundancy which may be causing excessive tension build 
up in the system. Slightly retract the stent system and guide-
wire to remove tension. Check that the guide catheter is po-
sitioned adequately to support the system. If not, advance it 
forward. If there are any loops in the stent system, straighten 
them out. For wingspan stent, consider switching to a soft 
(fl oppy) guidewire which enables easy maneuverability of 
the stent system rather than, the more fi rm support guide-
wires. Ensure that the fl ush system is functioning. Alterna-
tively, if a soft wire is being used, then consider changing it 
for a stiffer wire, which may provide better support.

Once the stent system is advancing, continue to advance 
it even if it goes distal to the lesion because, it is easier to 
move the system from distal to proximal location than vice 
versa. If inordinate resistance continues despite corrective 
maneuvers, consider the possibility of damage to the guide-
wire from use and discard it (in case of wingspan™ system) 
for a new wire. At the same time, examine and consider re-
placing the stent system with a new one as well.

3) Problem: Feeling of resistance while deploying stent.
Maneuver: Some resistance is usually encountered and 

expected. However, if the resistance is excessive, check to 
ensure the entire system is straight and there is no tension 
buildup. Slightly retract the system and guidewire to remove 
excessive tension.

Check the position of guide catheter to ensure it is pro-
viding adequate support. If not, advance it further up. If ex-
cessive tension persists, consider discarding the stent system 
and replacing it with a new system. If deployment is already 
underway, do not attempt to resheath the stent. Complete 
the deployment. However, the Enterprise™ system, can be 
resheathed once during deployment, provided this is per-
formed within the recapturability Limit, which is up to the 
point where the proximal end of the stent positioning marker 
is aligned with the distal markerband on the microcatheter.

4) Problem: Loss of position during deployment.
Maneuver: If the Wingspan stent has migrated distally, 

    87                   



J Neurol Res  •  2011;1(3):81-89Khan et al

Articles © The authors   |   Journal compilation © J Neurol Res and Elmer Press™   |   www.neurores.org

it may be possible to carefully pull back the entire system as 
deployment is taking place until it is back in the desirable 
location. Then continue with the deployment. If any diffi -
culty is encountered in the retraction, just deploy the stent in 
its current location. Then, deploy a second stent to cover the 
desired location.

In case the stent has migrated proximal to the lesion 
while deployment is underway, do not attempt to push it for-
ward to its intended location. Just deploy the Wingspan stent 
maintaining wire access and then use an additional stent 
to cover the more distal site. The Enterprise Stent may be 
resheathed once and then repositioned.

5) Problem: Only partial coverage of lesion by the stent.
Maneuver: Maintain access across the lesion. Discard 

the used stent system. Bring a new system into the fi eld, 
which should be greater than or equal to the size of the fi rst 
system. Deploy the second stent within the fi rst (telescoping) 
so that the entire lesion is covered including, at least 2 mm of 
normal vessel on either side.

6) Problem: Resistance during retraction of system fol-
lowing stent deployment.

Maneuver: Ensure the entire system (inside and outside 
the patient) is straight and there is no tension buildup. Slightly 
retract the system and guidewire to remove excessive tension. 
Maintain guidewire access at all times across the lesion. If ten-
sion persists, Loosen the RHV of the outer body of the stent 
system and pull back the hub of the inner body, until its tip is in 
contact with the tip of the outer body. Retighten the RHV of the 
outer body and remove the entire stent system.

7) Problem: Wire is entangled within the stent and can-
not be retracted.

Maneuver: This most likely occurs during wire loading 
prior to delivering the stent. In this situation, it is important 
to stabilize the stent during wire withdrawal to prevent mi-
gration. Advance an angioplasty balloon over the wire until 
it meets resistance at the point where the wire crosses the 
stent struts. Infl ate the balloon to nearly match the artery di-
ameter, stabilize the balloon catheter, then forcibly withdraw 
the wire.

8) Problem: Breakage/mechanical failure of stent during 
deployment.

Maneuver: If the stent is only partially deployed and still 
partially sheathed consider retracting the entire system along 
with the stent outside the patient or, if complete retraction is 
not possible, retracting to deploy the stent in a more neutral 
location, for example, ECA or its branches.

In case the stent is completely outside the sheath, retract 
and discard the stent system. Introduce a microcatheter (e.g. 
Excelsior SL 10 or Prowler Select Plus) over the wire. Use 
the microcatheter to introduce an alligator snare or a simi-
lar retrieval device. Grab the stent and pull to the tip of the 
catheter. If possible, withdraw the stent and microcatheter 
into the guide catheter. Once within the guide catheter, re-
move the entire system, except the wire. If the stent cannot 

be retracted into the guide catheter, maintain it at the tip of 
the catheter and pull out the entire system, except the wire.

Conclusion
 

Stroke is a common emergency, which will become more 
pervasive as the population continues to age. Time is of the 
essence in successful management of stroke. The current 
recommendations are to perform endovascular intervention 
if within the three to 6 hours window for anterior circula-
tion strokes. In case of posterior circulation strokes, the time 
limitations are less clear and intervention may be attempted 
within 24 - 48 hours. Once vascular access is obtained, hepa-
rinize the patient with a goal of maintaining ACT from 300 
to 350 through the case, in order to decrease the risk of iat-
rogenic embolic events. Alternatively, administer i.v. heparin 
400 i.u./hr, after a 2000 - 3000 i.u. bolus. In case of technical 
diffi culties due to tortuous vasculature address the problem 
expeditiously, rather than repeatedly trying the same maneu-
ver to no avail. If a longer sheath does not solve the problem, 
consider alternative route of access to avoid some of the tor-
tuosity, for example, consider the radial or brachial arteries. 
Maintain the guide catheter as close as safely possible and 
proximal to the lesion, to provide adequate support enabling 
successful deployment of balloon and stent. The entire sys-
tem must be kept straight in order to avoid maneuvering dif-
fi culties or prolapse of the balloon or stent system. Overdila-
tion during angioplasty or, undersizing of the stent must be 
avoided. In case a stent is placed, use intravenous heparin for 
atleast 12 hours and plavix for 4 weeks, until stent endotheli-
alization has occurred, in order to avoid in-stent thrombosis.
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