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Abstract
Background: Acute ischemic stroke due to tandem occlusive lesions of the anterior circulation 
involves an intracranial large vessel occlusion as well as a concurrent occlusion or high-grade 
stenosis of the proximal carotid system. The vast majority of proximal lesions in tandem oc-
clusive cases involve the extracranial internal carotid artery, although the lesion can theoreti-
cally exist anywhere along the carotid artery pathway, including the common carotid ostium. 
Summary: To the best of our knowledge, only 1 report describes common carotid artery os-
tial lesions in the setting of acute ischemic stroke due to tandem occlusions, in which the au-
thors describe an anterograde treatment paradigm. We present the first 2 cases of acute isch-
emic stroke secondary to common carotid ostial disease with tandem intracranial occlusion, 
treated with intracranial thrombectomy followed by subsequent staged balloon-mounted 
stenting of the common carotid ostium. We review the pathophysiology of tandem occlusions, 
the controversy surrounding treatment techniques, and various approaches used in the treat-
ment of ostial occlusive lesions. Key Message: In certain situations where acute carotid stent-
ing is not safe or technically possible, immediate intracranial thrombectomy with a subsequent 
staged balloon-mounted stenting of the ostial lesion may be a reasonable and safe option.
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Introduction

Acute ischemic stroke (AIS) due to tandem occlusive lesions involves acute dissection or 
ulcerated rupture of an unstable proximal atherosclerotic plaque causing stenosis/occlusion 
and subsequent embolic intracranial large vessel occlusion (LVO) [1, 2]. While the vast 
majority of cases of proximal carotid occlusive disease involve the extracranial internal 
carotid artery (ICA), the common carotid artery (CCA) ostium is rarely implicated in cerebral 
ischemic events [3]. Data on the endovascular management of common carotid ostial lesions 
is exceedingly scarce, and has mostly been described outside of the setting of AIS and emergent 
intracranial LVO. To the best of our knowledge, only 1 report describes CCA ostial lesions in 
the setting of AIS due to tandem occlusions, in which the authors describe an anterograde 
treatment paradigm [3]. We present the first 2 cases of AIS secondary to CCA ostial disease 
with tandem distal intracranial LVO treated with thrombectomy, followed by staged retro-
grade ostial stenting. We review the pathophysiology of tandem occlusions, the controversy 
surrounding treatment techniques, and various approaches used in the treatment of ostial 
occlusive lesions. This study received Institutional Review Board approval. In addition, all 
patients provided written consent to participate in all research-related activities.

Clinical Presentation

Case 1
A 62-year-old male presented to the emergency room after waking up with a left MCA syndrome. On 

arrival, he demonstrated a National Institutes of Health Stroke Scale (NIHSS) score of 20. Noncontrast CT of 
the head showed an Alberta stroke program early CT (ASPECT) score of 7. A CT angiogram demonstrated 
nonopacification of the entire left CCA with reconstitution of the left ICA and a tandem occlusion of the left 
ICA terminus (Fig. 1a). Intravenous alteplase (tPA) was withheld due to the time of onset, and the patient was 
taken as an emergency to the angiography suite. Digital subtraction angiography (DSA) confirmed the CCA 
ostial disease and tandem intracranial occlusion (Fig. 1b). Despite the ostial lesion, a Penumbra Neuron MAX 
088 guide catheter (Penumbra, Alameda, CA, USA) was able to traverse the CCA ostium over a 0.035-inch 
glidewire (without the need for angioplasty), and was positioned in the cervical ICA. Emergency mechanical 
thrombectomy was successfully performed using a Solitaire FR 6 × 30 mm stent retriever (eV3/Covidien, 
Irvine, CA, USA), with continuous machine aspiration through a Penumbra 5MAX ACE68 reperfusion catheter 
(Fig. 1c). After TICI-3 recanalization was achieved, attention was turned towards the CCA ostium. Over a 
microcatheter maintaining CCA access, the Neuron MAX guide catheter was retracted proximally to the CCA 
ostium, and angiography confirmed a 90% left CCA ostial stenosis. The microcatheter was then exchanged 
for an Aviator Plus Rx Angioplasty Balloon, 5 × 40 mm (Cordis Neurovascular, Milpitas, CA, USA), and balloon 
angioplasty was performed with improvement of stenosis to 30% (Fig. 1d). 

A 24-h follow-up MRI of the brain showed minimal scattered infarct in the left insula and frontal oper-
culum as well as left putaminal petechial hemorrhage (Fig. 1e). Follow-up CT angiogram of the chest on day 
10 showed rebound stenosis of the left CCA origin. Once the cerebral hemorrhage had stabilized, the patient 
was treated with aspirin and Plavix (Bristol-Meyers Squibb, New York, NY, USA) for 5 days.

Repeat DSA on day 15 confirmed the rebound stenosis of the left CCA origin to the preangioplasty 
severity of 90%, with delayed anterograde flow (Fig. 1f), and thus the decision was made to proceed with 
CCA ostial stenting. Transfemoral access was gained and over a 0.035-inch glidewire, a Cook 5-Fr, 125-cm 
Berenstein catheter (Cook, Bloomington, IN, USA) was used to traverse the CCA ostial lesion. Over this system, 
a Penumbra Neuron MAX 088 guide catheter was positioned in the distal CCA. The 0.035-inch glidewire was 
replaced with a stiff 0.035-inch Terumo Glidewire Advantage exchange length wire (Terumo, Somerset, NJ, 
USA). The diagnostic catheter was exchanged for an Omnilink 6 × 29 mm balloon-mounted stent (Abbott, 
Santa Clara, CA, USA) (Fig. 1g). The Penumbra Neuron MAX 088 guide catheter was retracted to unsheathe 
the stent, and the stent was appropriately positioned across the CCA ostial lesion (Fig. 1h). The balloon was 
inflated to subnominal pressure to deploy the stent (Fig. 1i), and then removed. Follow-up DSA showed reso-
lution of stenosis and restoration of normal anterograde flow (Fig. 1j). The patient continued treatment with 
dual antiplatelet therapy, and at the 3-month follow-up demonstrated an NIHSS score of 3.
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Case 2
A 50-year-old woman with a history of prior right ICA dissection treated with aspirin presented to the 

emergency room 2 h after acute onset of left MCA syndrome. On arrival, she demonstrated an NIHSS score of 
15 and noncontrast CT of the head showed an ASPECT score of 10. A CT angiogram showed high-grade 
stenosis of the left CCA origin as well as tandem occlusion of the M1 segment of the left MCA. Intravenous tPA 
was administered, and subsequent mechanical thrombectomy was successfully performed using a Solitaire 
FR 6 x 30 mm stent retriever with machine aspiration through a Penumbra 5MAX ACE68 reperfusion catheter, 
achieving TICI-3 recanalization (Fig. 2a, b). 

A follow-up MRI of the brain showed minimal infarct in the left basal ganglia without parenchymal 
hemorrhage (Fig. 2c). Twenty-four hours after tPA administration, dual antiplatelet therapy with aspirin and 
Plavix was initiated. The source of the cerebral occlusion was determined to be secondary to embolic artery-
to-artery phenomenon from a highly unstable left CCA ostial stenosis.

After 5 days of dual antiplatelet therapy, DSA re-demonstrated the high-grade stenosis of the left CCA 
ostium with delayed anterograde flow (Fig. 2d). Through a 6-Fr Flexor Shuttle Select guide catheter (Cook 
Medical, Bloomington, IN, USA) positioned in the aortic arch, a Cook 5-Fr, 125-cm Berenstein catheter was 
used to select the left CCA. A 0.014-inch Hi-Torque Balance exchange length guidewire (Abbott) was posi-
tioned in the left CCA as a buddy wire, and the diagnostic catheter was removed. An 8-mm Angioguard 
embolic protection device (EPD) (Cordis Neurovascular) was tracked across the CCA ostial lesion and 
deployed in the mid-left CCA, and the Hi-Torque Balance buddy wire was removed. An Aviator Plus RX Angio-
plasty Balloon, 4 × 40 mm, was tracked over the EPD monorail wire and across the CCA ostium, and balloon 
angioplasty was performed. Then, a 7 × 18 mm Herculink Elite balloon-mounted stent (Abbott) was tracked 
over the EPD monorail wire and subnominal balloon pressure inflation deployed the stent across the left CCA 
ostium (Fig. 2e). The patient continued treatment with dual antiplatelet therapy, and at the 4-month follow-
up had returned to baseline condition without neurological deficit.

a b c d e
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Fig. 1. a CT angiogram demonstrating high-grade stenosis of the left common carotid artery (CCA) ostium 
with distal CCA reconstitution and tandem occlusion of the intracranial ICA. Digital subtraction angiogram 
(DSA) showing occlusion of the intracranial ICA (b) and subsequent postthrombectomy DSA showing TICI-3 
recanalization (c). d Road map image of left CCA ostium showing postthrombectomy balloon angioplasty of 
CCA ostial stenosis with improvement of stenosis to 30%. e MRI of the brain, diffusion-weighted image se-
quence showing minimal infarct involving the left insula and operculum as well as left putaminal hemor-
rhage. f Repeat DSA on day 15 showing rebound stenosis to preangioplasty severity of 90%. Note heteroge-
neity of contrast opacification indicating anterograde flow restriction. With the guide catheter in the aortic 
arch, an Omnilink 6 × 29 mm balloon-mounted stent was tracked over a 0.035-inch stiff guidewire into the 
left CCA (g), and then retracted proximally across the ostium (h). i Fluoroscopic image of balloon inflation 
with stent deployment. j Poststenting DSA showing CCA ostial stent with resolution of stenosis. 
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Discussion

Approximately 10–25% of patients with intracranial LVO will have a concomitant 
proximal extracranial occlusion and, conversely, 50% of patients with proximal extracranial 
occlusion will have a distal intracranial LVO [4]. AIS in patients with tandem lesions carries a 
poor prognosis with only 2–12% of patients achieving favorable clinical outcome [5]. Intra-
venous thrombolysis and other combined approaches have limited success in this subgroup 
of patients [4, 6]. Accordingly, the MR CLEAN, ESCAPE, and REVASCAT trials, which included 
32.3, 17, and 18.6% of patients with acute tandem occlusions, respectively, showed treatment 
effect in favor of thrombectomy compared to medical management [7–9].

Although the proximal lesion in cases of tandem occlusions usually involves the extra-
cranial ICA, the CCA ostium is rarely implicated, and data on the management of CCA ostial 
lesions is exceedingly scarce. Only 1 report describes CCA ostial lesions in the setting of 
tandem occlusions causing AIS, in which the authors describe an anterograde treatment 
paradigm [3]. Until this report, CCA ostial lesions had only been reported in isolation and in 
elective cases, and not in the setting of tandem lesions or AIS (Table 1) [10–16]. We present 
the first cases of AIS secondary to CCA ostial disease with tandem intracranial LVO, treated 
with emergent thrombectomy followed by staged retrograde ostial stenting.

In the treatment of tandem occlusions, controversy exists regarding which lesion to treat 
first, and consensus does not exist on management guidelines [2, 17–20]. Advantages of proximal 
recanalization first include subsequent access to the intracranial LVO with larger guide cath-
eters, collateral restoration, theoretical reduction of further embolization, and in some cases, 
spontaneous distal recanalization [2, 17–19]. On the other hand, advantages of the retrograde/
reverse approach include prioritizing the critical intracranial thrombectomy step, quicker resto-
ration of cerebral blood flow, and the possibility of reducing final cerebral infarction volume 
[19]. Controversy also exists regarding balloon angioplasty alone versus carotid stent placement 
for the treatment of the proximal lesion [2, 19, 21, 22]. The benefit of angioplasty alone includes 

a b
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Fig. 2. DSA showing occlusion of 
the left middle cerebral artery (a) 
and subsequent postthrombecto-
my DSA showing TICI-3 recanali-
zation (b). c MRI of the brain, dif-
fusion-weighted image sequence 
showing minimal infarct involv-
ing the head of the left caudate nu-
cleus and putamen. DSA of the 
aortic arch showing high-grade 
stenosis of the left CCA ostium (d) 
and poststenting DSA showing 
resolution of stenosis (e).
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restoring anterograde flow with a less invasive procedure. Disadvantages of angioplasty alone 
include the possibility of “rebound” re-stenosis or re-occlusion compared to definitive mechanical 
stabilization. This debate is similar to that of proximal common iliac artery stenosis, where 
balloon angioplasty at first seemed to be promising, only to disappoint later [16]. However, 
emergent stenting necessitates prophylactic antiplatelet medication, and also risks hyperper-
fusion syndrome and cerebral hemorrhage, issues that are further complicated in patients who 
have received intravenous tPA or in whom the cerebral infarct volume is unknown [23, 24]. 
While recent large registries of AIS have shown no significant difference in symptomatic hemor-
rhage rates after acute stenting in AIS patients presenting with tandem occlusions, other reports 
suggest an intracerebral hemorrhage rate as high as 20% [25, 26].

In our first case, after performing the critical intracranial thrombectomy, we were hopeful 
that balloon angioplasty would temporarily stabilize the ostial lesion until a time more 
suitable for prophylactic antiplatelet medication. Given the patient’s extended time of presen-
tation, moderate ASPECT score, and the unknown concurrent infarct volume, this turned out 
to be a foregone conclusion that fortunately transpired. In retrospect, given the patient’s 
subsequent cerebral hemorrhage (hemorrhagic infarction type 2, per the European Cooper-
ative Acute Stroke Study – ECASS II), perhaps the avoidance of acute antiplatelet medication 
prevented a potentially devastating hemorrhagic transformation [27]. In our second case, 
acute stenting of the proximal lesion was deferred in order to avoid antiplatelet medication 
given the recent tPA administration. Similarly to the first case, once a subsequent MRI 
confirmed a minimal infarct volume, preprocedural antiplatelet medication could be safely 
administered at a decreased risk of hemorrhagic transformation.

Surgical treatment of CCA ostial lesions has been performed with bypass surgery (subclavian-
carotid, carotid-carotid), although this procedure requires thoracotomy or median sternotomy 
and carries a perioperative mortality of approximately 6% [12]. Thus, endovascular approaches 
have become increasingly preferable. While most extracranial ICA lesions are treated with self-
expanding stents, the majority of the recent literature on CCA ostial intervention describes the 
use of balloon-mounted stents (Table 1), perhaps due to the greater amount of precision required 
to avoid excessive herniation into the parent vessel. However, the use of balloon-mounted 
stents, which are typically designed on 0.035-inch wire systems, may preclude use of EPDs, 
which are designed on 0.014-inch wire systems. EPDs have been shown to reduce intracranial 
embolism by greater than 50% when used in cervical ICA intervention [28].

Recent reports on stenting of the CCA ostium employ techniques similar to those used in 
our first case [3, 12]. In brief, a diagnostic catheter is used to select the involved CCA, carefully 

Table 1. All reported cases of transfemoral common carotid artery ostial stenting

Report, year Patients, n Type of stent Embolic 
protection 

Periprocedural 
complications

Chio [11], 2003 9 All BMS 0 UATD
Kadkhodayan [10], 2009 8 7 SES, 1 BMS 0 1 TIA
Usman [13], 2010 4 All BMS 4a 0
Cam [14], 2012 17 All BMS 16/17 1 TIA
Dumont [12], 2013 14 All BMS 0 1 TIA
Weiner [3], 2016 2 All BMS 0 0

BMS, balloon-mounted stent; SES, self-expanding stent; TIA, transient ischemic attack; UATD, unable to 
determine.

a Embolic protection device or surgical occlusion of distal common carotid artery.
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traversing the ostial lesion. If unable to initially cross the ostium, prestent balloon dilatation 
is performed using monorail angioplasty balloons on either 0.035-inch or 0.014-inch systems. 
A stiff 0.035-inch exchange length wire is advanced through the diagnostic catheter. Over this 
system, a large guide sheath (either Cook Shuttle or Neuron MAX guide catheter) is tracked 
across the lesion. The diagnostic catheter is subsequently exchanged for a 0.035-inch balloon-
mounted stent. The guide catheter is then withdrawn to “unsheath” the constrained stent. 
The balloon-mounted stent is then retracted across the ostial lesion and inflated to subnominal 
pressure, deployed with a slight overhang into the aortic arch. In cases in which CCA ostial 
stenting is performed on 0.014-inch wire systems, EPDs may be implemented. In these cases, 
the involved CCA is selected either through a diagnostic catheter or primarily from the guide 
catheter, with a 0.014-inch buddy wire. An EPD is then placed alongside the 0.014-inch buddy 
wire and a balloon-mounted stent is subsequently deployed only on the EPD wire, jailing the 
0.014-inch buddy wire. After capturing the EPD, the buddy wire is removed. Some operators 
choose to use 0.035-inch balloon-mounted stents over the 0.014-inch EPD monorail wire. In 
order to avoid the potential of lack of support using this technique, Cam et al. [14] describe 
an innovative technique of deploying a 0.035-inch balloon-mounted stent over a 0.014-inch 
EPD wire adjacent to a 0.014-inch buddy wire in their report on 17 cases of CCA ostial stenting. 
Our second patient was treated with a 0.014-inch-system Herculink Elite balloon-mounted 
stent, which can be deployed over an EPD. However, this stent is only available in diameters 
of 4–7 mm, which may not be appropriate for many CCA ostial lesions.

Upon review of the scarce literature regarding CCA ostial stenting, most of which cases 
were performed without the use of EPDs, embolic phenomena have been limited to 3 tran-
sient ischemic attacks in 54 patients (5%) [3, 10–16]. This low incidence may be secondary 
to flow arrest at the time of balloon deployment [12]. In accordance with the previous CCA 
ostial stent data, neither of our patients suffered periprocedural embolic complications, 
regardless of the use of an EPD. 

Conclusion

We present 2 cases of AIS secondary to tandem CCA ostial disease and distal intracranial 
LVO. In certain situations where acute CCA ostial stenting is not safe or technically possible, 
immediate intracranial thrombectomy with subsequent staged balloon-mounted stenting of 
the ostial lesion may be a reasonable and safe option.
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