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Introduction
The association between intracranial large vessel 

occlusion (LVO) and concurrent steno-occlusive lesion of 
an ipsilateral extracranial internal carotid artery (ICA) is 
considered a tandem occlusion (TO) [1]. In approximately half 
of TO, the ϐirst clinical manifestation are acute occlusions of 
the extracranial ICA associated with occlusion of the middle 
cerebral artery (MCA), with additional occlusion of the 
intracranial ICA in up to 25% of these cases.[2] This particular 
lesion subset is technically challenging for endovascular 
treatment (EVT) and is also characterized by lower success 
rates of intravenous thrombolysis [3], worse prognosis 
compared to intracranial occlusions alone, and higher rates 
of symptomatic intracranial hemorrhage [4]. The optimal 
approach regarding EVT of TO remains controversial, and 
reports in this regard are scarce. There are two proposed 
strategies according to the selection of the ϐirst lesion to be 
treated. The proximal approach comprises stenting of the 
proximal cervical ICA followed by mechanical thrombectomy 
(MT) of the intracranial vessel, whereas the distal approach 
involves MT followed by stenting of the cervical ICA [3–14].

Besides, there other clinically relevant unresolved aspects 
regarding the treatment of these patients, such as concomitant 
use of intravenous thrombolysis, the need for stenting 
compared to angioplasty alone, as well as the most adequate 
antiplatelet strategy after treatment.  Accordingly, we aimed 
to report the procedural and clinical outcomes of a real-world 
experience in a comprehensive stroke center regarding EVT 
of anterior circulation acute ischemic stroke (AIS) associated 
with a TO.

Methods
Study design and population

We conducted a retrospective evaluation of all patients 
who underwent EVT for an AIS in a comprehensive stroke 
center between January 2015 and October 2019 to identify 
those diagnosed with anterior circulation AIS secondary to TO 
who received combined extracranial and intracranial EVT. All 
procedures were performed following the ethical standards 
of the institutional research committee and with the 1964 
Helsinki declaration and its later amendments. Written 
informed consent was obtained from all patients or relatives 
before the procedure. 

Data were retrieved from all patients aged > 18 years 
who complied with the following: anterior circulation AIS 
demonstrated on magnetic resonance imaging (MRI) or 
computed tomography (CT); who received EVT up to 24 
hours from the onset of the symptoms or last known to 
be well (LKW); demonstrated tandem lesions on digital 
subtraction angiography, CT angiography or MRI angiography; 
extracranial ICA lesions (regardless of atherosclerotic or 
dissecting etiology) deϐined as complete occlusion or stenosis 
> 90% according to NASCET criteria [15], ipsilateral proximal 
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intracranial occlusions affecting the intracranial ICA or proximal 
segments of MCA; and combined EVT, consisting of either 
proximal-ϐirst or distal-ϐirst strategies, including proximal 
balloon angioplasty with or without emergent stenting and 
distal MT using a second-generation stent-retriever device 
with or without concomitant contact aspiration. Patients 
were included irrespective of the antiplatelet therapy and 
intravenous thrombolysis strategies. Patients with signs of 
intracranial hemorrhage (ICH) demonstrated on CT or SWI-
MRI were excluded from the analysis.

Data analysis

Using electronic health records, data regarding 
demographical characteristics, the baseline “National 
Institutes of Health Stroke Scale” NIHSS score, baseline 
diffusion-weighted imaging volume (DWIvol), time metrics, 
periprocedural antiplatelet therapy, intravenous thrombolysis, 
and modiϐied Rankin score (mRS) at 90-days after treatment 
were recorded and analyzed. Alberta Stroke Program Early 
CT Scores (ASPECTS) were determined using non-contrast CT 
[16] or DWI-MRI [17]. The degree of extracranial stenosis was 
deϐined according to the NASCET criteria [15]. DWIvol was 
measured before the procedure, using a semi-quantitative 
method [18]. Final reperfusion was classiϐied according to the 
 modiϐied thrombolysis in cerebral infarction (mTICI) grade 
[19], on the last angiographic image; mTICI grades 2b/3 were 
considered as successful reperfusion. The occurrence of ICH 
was diagnosticated with CT or MRI; being symptomatic ICH 
(sICH) deϐined according to the European Cooperative Acute 
Stroke Study (ECASS)-3 deϐinition [20]. 

Statistical analysis

Continuous variables were expressed as means ± standard 

deviation; or median, interquartile range (IQR) in case of non-
Gaussian distribution. Categorical variables were reported 
as counts and percentages. Comparisons between groups 
were performed using independent samples Student’s t-test 
for continuous variables, and Chi-square or Fisher’s exact 
test (for small-group analysis) for categorical variables. Non-
parametric comparisons were performed using Kruskal-
Wallis tests. All analyses were performed using SPSS software 
(23.0.0.0 SPSS Inc, Chicago, IL), and a p - value < 0.05 indicated 
signiϐicant differences.

Results
Demographic data and clinical characteristics

Fr om January 2015 to October 2019, 268 patients 
underwent EVT for an AIS with LVO in the anterior territory. 
Of these, 40 (14.9%) strokes were associated with TO and 
fulϐilled the inclusion criteria.

Demographic data and cardiovascular risk factors are 
shown in table 1. Baseline NIHSS, radiological data, therapeutic 
time metrics, and EVT approaches are shown in table 1. The 
etiology of the cervical lesion was atheromatous disease 
in 34 patients (85%) and arterial dissection in 6 (15%). 
U pon admission, 37 patients (93%) were receiving at least 
one antiplatelet drug, and 7 (18%) received anticoagulant 
treatment for previous conditions, as well as aspirin. 

Endovascular technique and outcomes

A distal approach was used in 22 cases (55%), and proximal 
in 18 (45%). No signiϐicant differences were identiϐied 
regarding age, medical history, baseline NIHSS, DWIvol, and 
groin-onset time concerning the therapeutic approach used 

 Table 1: Characteristics and outcomes of the general population, and group of patients according to the therapeutic approach.
Endovascular Treatment

Overall (40) Head-First (22) Neck-First (18) p - value
Mean Age ± SD, years 65 (±13.81) 68 ± 13.6 61.1 ± 13.4 0.15

Female 13 (32.5%) 9 (40.9%) 4 (22.2%) 0.2
Medical history:
Hypertension 23 (58%) 11 (50%) 12 (67%) 0.28

Diabetes 5 (13%) 2 (9%) 3 (17%) 0.47
Atrial fi brillation  7 (17.5%) 4 (18.2) 1 (6) 0.39

Hypercholesterolemia  13 (33.0%) 8 (36%) 5 (28%) 0.56
Current smoking 13 (33.0%) 7 (32%) 6 (33%) 0.92
Coronariopathy 10 (25.0%) 7 (32%) 3 (17%) 0.27

Stroke/TIA 8 (20.0%) 6 (27%) 2 (11%) 0.2
Median admission NIHSS 13.5 (9.0- 18.0) 13 (9-18) 16 (11-19) 0.71

DWIvol (IQR) 21.0 (6.1- 63.0) 14.5 (5-58) 23 (14.7-64) 0.21
Onset to groin (IQR) 298 (220.0-582.0) 241 (188-492) 403.5 (224-585) 0.4

Groin to recanalization (IQR) 32 (19-54) 33 (16-54) 29 (19-65) 0.97
Median ASPECTS-DWI (IQR) 6.0 (5.0-8.0) 7 (5-9) 5.5 (5.7) 0.21

mTICI 2b-3 33 (82.5%) 17 (77.3%) 16 (88.9%) 0.33
mRS 90 ≤ 2 20 (50.0%) 10 (45.5) 10 (55.6) 0.52
mRS 90 6 5 (12.5%) 5 (22.7) 0 0.05*

sICH 4 (10%) 3 (13.6) 1 (5.6) 0.39
TIA: Transient Ischemic Attack. NIHSS: National Institute Health Stroke Scale. DWIvol: Volume of ischemic core. IQR: Interquartile Range. ASPECTS: Alberta Stroke 
Program Early CT Scores. Median ASPECTS-DW: ASPECTS calculated in DWI. mTICI: modifi ed thrombolysis in cerebral infarction. mRS: modifi ed Rankin Scale. sICH: 
symptomatic Intracranial Hemorrhage. * p - calculated with Fisher Test
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(Table 1). Emergent cervical carotid artery stenting (CAS) 
was performed in 97.5% of patients. The 39 patients who 
were treated with CAS received dual antiplatelet therapy with 
intravenous ASA loading infusion at the procedure followed 
by loading of the second antiplatelet immediately thereafter.

Rates of functional independence at 90 days were similar 
between groups (p = 0.53), as well as rates of successful 
reperfusion (mTICI 2b/3) (p = 0.42). These results are 
portrayed in ϐigure 2. The occurrence of sICH was similar 
between groups (p = 0.61). At 90-day follow-up, 5 (12.5%) 
patients died, most being related to clinical complications, 
delayed referral, or malignant infarcts (Table 2). All these 
patients received distal thrombectomy ϐirst (p = 0.053). 

Use of tPA

Intravenous tPA was used in 22 (55%) patients, without 
signiϐicant differences regarding age, baseline NIHSS, or 
DWIvol compared to patients who did not receive ϐibrinolytic 
treatment. The temporal metrics were longer in the group 
that did not receive ϐibrinolytic, with an onset-recanalization 
time of 559 min (IQR 318-792) vs. 268 min (IQR 180-465) 
(p = 0.0008). Furthermore, we did not ϐind signiϐicant 
associations between tPA administration and rates of mTICI 
2b/3 (p = 0.34), mRS 0-2 (p = 0.53), sICH (p = 0.30), or mRS6 
(p = 0.15) (Table 3).

Malignant Infarction (MI) 

Five patients (12.5%) evolved with MI of the MCA within 
48 hours. The score on the mTICI scale after MT was 2b-3 in the 
5 patients. Decompressive craniectomy (DC) was performed 

 Table 2: Patient characteristics and cause of death.
Age NIHSS DWIvol Onset-to-Thrombus mTICI PH sICH Pre-hospital Treatment Hospital Treatment Causes death

#1 94 18 6 351 m 2b no no AAS Abciximab AAS/Clop alveolar hemorrhage
#2 72 9 5 169 m 2a PH2 yes AAS tPA AAS/Clop sICH
#3 44 14 169 792 m 3 PH1 no AAS No Malignant stroke
#4 64 19 112 1130 m 2b PH1 yes AAS Tirofi ban, AAS/Clop Malignant stroke
#5 78 32 7 1052 m 3 no no AAS/warfarin AAS/Pras Malignant stroke

NIHSS National Institute Health Stroke Scale. DWIvol: Volume of the ischemic core, median. mTICI: modifi ed thrombolysis in cerebral infarction. sICH: symptomatic 
Intracranial Hemorrhage. PH: Parenchymal Hemorrhage. Clop: Clopidogrel, Pras: Prasugrel. m: minutes

Table 3:
Variable No-tPA Patients n 18 tPA Patients n 22 p

Age mean (SD) 66.67 (15) 63.81 (12.93) 0.52
NIHSS basal 17 (9-22) 12.5 (11-17) 0.19
DWIvol (IQR) 22 (6.1-82) 19 (5.4-58) 0.51

ASPECTS-DW 5 (4-8) 6 (5-8) 0.74
Onset-to-door median (IQR) 400 (230-725) 142.5 (62-374) 0.001*
Onset-to-groin median (IQR) 527 (283-774) 224 (168-445) 0.001*

Onset-to-recanalization 559 (318-792) 268 (180-465) 0.0008*
Door-to-groin 65 (42-93) 95 (61-123) 0.1853

mRS ≤ 2 8 (44.4%) 12 (54.5%) 0.53 OR 1.5 (0.42-5.24)
mRS 6 4 (22.2%) 1 (4.5%) 0.15** OR 6.0 (0.60-59.44)
sICH 3 (16.7%) 1 (4.5%) 0.30** OR 4.2 (0.39-44.40)

mTICI 2b-3 16 (88.9%) 17 (77.3%) 0.34 OR 2.35 (0.39-13.90)
NIHSS basal: National Institute Health Stroke Scale on admission; DWIvol: Volume of ischemic core; ASPECTS-DW: Alberta Stroke Program Early CT Scores calculated 
in DWI. mTICI: modifi ed thrombolysis in cerebral infarction. sICH: symptomatic Intracranial Hemorrhage. * p: less than the signifi cance level (0.05). mRS: modifi ed Rankin 
Scale ≤ 2: functional independence, 6: death; **p calculated with Fisher Test.

a a
e f g h i 

j k l m n 

a b c d e f 

b
Figure 1: 1a Distal approach. 62 years old patient with acute left T.O. (a) Diagnostic 
DSA with severe stenosis in the bulbar ICA with fl oating thrombus, (b) intracranial 
DSA showed thrombus, (c) Trevo 6/20 mm in the left MCA and ICA, (d) After the 
First pass, TICI 3 scale was achieved, (e) Balloon angioplasty was done in the 
ICA, (f) stent angioplasty was done. 1b. Proximal approach. 48 years old patient 
with acute right T.O. Diagnostic MRI (e) right the DWI showed a basal ganglia and 
subinsular white matter substance restriction area with (f) mismatch DWI/FLAIR, 
(g) SWI with thrombus in right M1, (h) The TOF MRA showed lack of signal in the 
right ICA and MCA s, (i) PWI with Tmax prolongation. (j) Pre dilatation balloon 
angioplasty was done with 3/15 mm and (k) a 7 mm x 40cm carotid wall was used, 
(l) in the intracranial DSA proximal M1 was occluded, (m) a solitaire 4/20 mm was 
used, after two passes, (n) TICI 3 was achieved.
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in 3 of these patients and the mRS at 90 days was 6 in 1 patient 
and 5 in 2. The mRS at 90 days of the other 2 patients who did 
not undergo DC was 6.

Discussion
Despite the challenging technical scenario that represents 

the endovascular management of TO, our report involving a 
real-world registry showed that EVT of these complex subset 
of patients was feasible, with no clear associations between 
outcomes and the selected approach regarding procedural 
techniques or adjuvant medical strategies.

Approximately 20% of acute anterior circulation strokes 
are caused by carotid occlusions or high-grade stenotic 
lesions of the ipsilateral cervical internal carotid [2,21]. TO 
strokes represent around 10% - 15% of all AIS undergoing 
thrombectomy [22,23]. The underlying pathophysiology 
involves either atherosclerotic disease or a dissection of 
the proximal vasculature leading to complete occlusion and 
an embolus causing a distal tandem occlusion [5,24]. Unlike 
isolated MCA occlusion, the extracranial stenosis/thrombus 
restricts access to the distal lesion. Therefore, TO are 
considered challenging lesions to EVT. 

Concerning clinical outcomes, we identiϐied a good 
functional result in half of the patients with TO strokes, with 
rates of sICH and mortality of 10% and 12.5%, respectively; 
which were comparable to previous studies [21,25–27].

The challenge with the TO scenario is the presence of 
blocked access to the distal lesion by the proximal occlusion. 
There is no doubt about the need for distal recanalization 
of the intracranial occlusion in TO, although there is a lack 
of consensus regarding the best management of the acute 
extracranial lesion. The principle of a distal approach is to 

treat the symptomatic lesion ϐirst and restore perfusion 
to the involved territory [9]. Once the distal occlusion has 
been treated, the neurovascular surgeon has time to deϐine 
the treatment strategy of the proximal lesion to prevent 
future embolic events. This approach has the advantage 
of shortening the recanalization time of the intracranial 
vessel, thus decreasing the duration of ischemia. However, 
this technique exposes the patient to a possibility of new 
distal emboli complications during angioplasty and stenting 
of the extracranial ICA, with the inherent need to repeat 
the thrombectomy [5]. The opposite approach (proximal) 
improves these collaterals while distal recanalization is 
performed [3]. 

In our report, almost half of the patients received the 
proximal approach and 55% received the distal approach, at 
the discretion of the operating interventional neuroradiologist. 
We did not ϐind any signiϐicant associations between these 
strategies and stroke metrics, and rates of post-procedural TICI 
2b-3, sICH, or functional independence. It is noteworthy that 
all demised patients (n = 5) belonged to the distal group. We 
believe that these were not related to the procedural strategy 
since they occurred in 1 patient with alveolar hemorrhage, 3 
patients had an LKW-groin time greater than 6 hours, and in 
2 patients presenting an ischemic core > 100 mL at admission 
evolving to malignant infarcts.

Currently, there is no consensus on how to treat proximal 
carotid lesions in TO. Since emergent carotid stenting requires 
an appropriate antiplatelet regimen, there have been some 
concerns regarding the risk of increased periprocedural 
hemorrhage, leading some authors to consider angioplasty-
only at the time of the initial procedure. The use of aspirin 
in general AIS treated with thrombolysis has been related 
to higher rates of sICH [28]. We did not ϐind an association 

 

0-day mRS: general population and according to the proximal and 
peutic approach . 

Figure 2: 90-day mRS discriminated by the treatment approach.
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between tPA and successful reperfusion, mRS ≤ 2, or the 
presence of sICH. Such reperfusion failure with ϐibrinolytics 
might be related to the fact that most TO are secondary to 
atherothrombotic disease of the carotid artery with large 
clot burden and complete hemodynamic compromise. In this 
regard, the TITAN registry did not ϐind an association between 
tPA and successful reperfusion [29]. 

It is noteworthy that, as part of a real-world scenario, 
our study included patients who received treatment of TO 
within an extended window. Indeed, 43% of the patients were 
over the 6-window, without substantial prejudice to their 
functional or safety outcomes (mRS ≤ 2 = 47%, mRS 6 = 18%).

Although in our experience we did not ϐind any clear 
beneϐit associated with the different TO approach used, both 
techniques might be appropriate according to the particular 
situation and patient’s anatomy. In the proximal approach, 
the beneϐit could be related to early treatment of extracranial 
ICA, leading to the advantage of improved collateralization 
attributed to angioplasty of extracranial ICA. Also, the 
better visualization of the intracranial ICA after proximal 
angioplasty could favor the advancement of the devices 
towards the intracranial occlusion in a more secure way [4]. 
On the other hand, in the case of distal microemboli related 
to the procedure, these might be extracted during subsequent 
thrombectomy. In the case of the distal approach, the 
advantage is the rapid reperfusion obtained by recanalizing 
the intracranial occlusion ϐirst.

Limitations

Several limitations should be acknowledged. This study 
was carried out in a single-academic center study specialized 
in the treatment of stroke, therefore extrapolation of our 
ϐindings to general practice institutions should be cautious. 
Another limitation is the retrospective, non-controlled design 
with relatively small sample size. Prospective, randomized 
clinical studies are warranted to explore whether the proximal 
approach is related to better clinical outcomes.

Conclusion
In this study, the EVT of stroke-related TO lesions was 

feasible, with no clear associations between outcomes and 
the selected approach regarding procedural techniques or 
adjuvant medical strategies.
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