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Introduction: Carotid artery dissection (CAD) and atherosclerotic carotid artery

occlusion (ACAO) are major causes of a tandem occlusion in patients with intracranial

large vessel occlusion (LVO). Presence of tandem occlusions may hamper intracranial

access and potentially increases the risk of procedural complications of endovascular

treatment (EVT). Our aim was to assess neurological, functional and technical outcome

and complications of EVT for intracranial LVO in patients with CAD in comparison to

patients with ACAO and to patients without CAD or ACAO.

Methods: We analyzed data of the MR CLEAN trial intervention arm and MR CLEAN

Registry, acquired in 16 Dutch EVT-centers. Primary outcome was the change in stroke

severity by comparing the National Institute of Health Stroke Scale (NIHSS) score

at 24–48 h after treatment vs. baseline. Secondary outcomes included reperfusion

rate and symptomatic intracranial hemorrhage (sICH). We compared outcomes and

complications between patients with CAD vs. patients with ACAO and patients without

CAD or ACAO.

Results: In total, we identified 74 (4.7%) patients with CAD, 92 (5.9%) patients with

ACAO and 1398 (89.4%) patients without CAD or ACAO. Neurological improvement

at short-term after EVT in patients with CAD was significantly better compared to

ACAO (resp. mean −5 vs. mean −1 NIHSS point; p = 0.03) and did not differ

compared to patients without CAD or ACAO (−4 NIHSS points; p = 0.62). Rates of

successful reperfusion in patients with CAD (47%) was comparable to patients with

ACAO (47%; p = 1.00), but was less often achieved compared to patients without

CAD or ACAO (58%; p = 0.08). Occurrence of sICH did not differ significantly between

CAD patients (5%) and ACAO (11%; p = 0.33) or without CAD/ACAO (6%; p = 1.00).
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Conclusion: EVT in patients with intracranial LVO due to CAD results in neurological

improvement comparable to patients without tandem occlusions. Therefore, carotid

artery dissection by itself should not be a contraindication for endovascular treatment

in stroke patients with intracranial large vessel occlusion. Although more challenging

endovascular procedures are to be suspected in both patients with CAD or ACAO,

accurate distinction between CAD and ACAO might influence clinical decision making

as better clinical outcome can be expected in patients with CAD.

Keywords: ischemic stroke, carotid dissection, endovascular treatment, tandem lesion, thrombectomy

INTRODUCTION

In approximately a quarter of all patients with ischemic
stroke due to large vessel occlusion (LVO), ipsilateral extracranial
internal carotid artery (ICA) occlusion is accompanying the
intracranial LVO. This phenomenon is known as tandem
occlusion (1). Major causes of tandem occlusion are carotid
artery dissection (CAD) and atherosclerotic carotid artery
occlusion (ACAO) (2–4). During endovascular treatment (EVT)
of ischemic stroke, the presence of an extracranial tandem
occlusion may constitute a challenge to the neuro-interventionist
as the obstructed internal carotid artery might hamper access to
the intracranial target occlusion and potentially increases the risk
of procedural complications of endovascular treatment (EVT).
Furthermore, an additional reconstruction of a dissected ICA
with a collapse of the true lumen is more challenging than a
straightforward embolic intracranial occlusion.

A meta-analysis of individual patient data of five pivotal
EVT trials showed similar treatment effects in patients with and
without tandem lesions, although no stratification was performed
for the type of tandem lesion (5). However, differences between
CAD and ACAO with regard to clinical outcome after EVT
have been suggested. A post-hoc analysis of the MR CLEAN
trial regarding type of tandem lesion found a strong treatment
effect in patients with CAD and no treatment effect in patients
with ACAO despite the small number of included patients with
CAD (6). On the other hand, in a recent observational study, no
differences in outcomes were observed in EVT-treated patients
with CAD compared to patients with severe atherosclerotic
stenosis or occlusion although patients with CAD were younger
and had less cardiovascular risk factors (7).

The evidence for a benefit of EVT in patients suffering from
concomitant ipsilateral CAD is still scarce (8). On the one hand,
good clinical outcome can be expected in patients with CAD due
to the lower age and the lower prevalence of cardiovascular risk
factors found in this patient group. On the other hand, it could
be suggested that clinical outcome after EVT and interventional
aspects in patients with CAD are comparable to outcomes in
patients with ACAO as successful reperfusion rates may be lower
and procedure times longer than in patients without a tandem
lesion. Furthermore, CAD is known to be a source of emboli
that can lead to re-occlusion or occlusion of a different vascular
territory after initial successful recanalization. This may result in
poorer clinical outcome in patients with successful reperfusion
compared to patients without any extracranial carotid occlusion

(9). The aim of this study was to assess neurological, functional
and technical outcome, as well as safety, after EVT for intracranial
LVO in patients with CAD. Comparisons will be made with
patients with ACAO and patients without CAD or ACAO.

METHODS

Patients
We studied patients who were included in the MR CLEAN trial
or MR CLEAN Registry.

The multicenter randomized MR CLEAN trial consisted of
500 ischemic stroke patients with a NIHSS score of 2 points or
more. After confirmation of a proximal intracranial occlusion of
the anterior circulation on radiographic imaging, patients were
randomized for EVT plus usual care (intervention group) or
usual care only (control group) (10). For the current study, only
patients randomized in the intervention group were included.
Written informed consent before randomization was provided by
all patients or their legal representatives. The study protocol was
approved by a central medical ethics committee and the research
board of each participating center.

The MR CLEAN Registry is an ongoing observational
cohort study of consecutive patients with acute ischemic stroke
undergoing EVT in the Netherlands (11). Enrollment of patients
started directly after the last inclusion in the MR CLEAN trial
on March 16, 2014. EVT consisted of mechanical thrombectomy
and/or aspiration whether or not combined with arterial delivery
of a thrombolytic agent. The exact choice of procedure was left
to the discretion of the interventionist. Included patients in the
current study were treated between March 16, 2014 and June 15,
2016. In order to create a study population comparable to the
MR CLEAN trial, patients from the MR CLEAN Registry were
included in our study when they were 18 years or older and had
undergone EVT for acute ischemic stroke in one of the 16 MR
CLEAN centers. The MR CLEAN Registry was approved by the
ethics committee of the Erasmus University MC, Rotterdam, The
Netherlands and permission to carry out the study as a registry
was granted. With this approval it was approved by the research
board of each participating center. At UMCUtrecht, approval for
the study has been obtained from their own research board and
ethics committee.

In our study, patients with CAD at the symptomatic side
of ischemic stroke were compared to patients with ACAO
to evaluate the relevance of distinguishing different type of
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extracranial carotid occlusions, and to patients without CAD
or ACAO to evaluate the beneficial effects of EVT in patients
with CAD.

Imaging
Assessment of extracranial carotid artery on digital subtraction
angiography (DSA) imaging was performed by an imaging
core lab of neuro-interventionists who were unaware of
clinical characteristics and clinical outcomes. CAD was assessed
on computed tomography angiography (CTA) and digital
subtraction angiography (DSA) and defined as follows: a double
lumen contour with a narrow eccentric true lumen (string sign),
periluminal hematoma and/or widening of the carotid artery
(pseudo-aneurysm). The carotid bulb is spared and the dissection
stops at the skull base. ACAO was defined as an occluded
internal carotid artery with no contrast filling at the level of the
carotid bulb with sign of atherosclerotic disease (calcifications).
The possibility of a pseudo-occlusions caused by hampering of
flow due to distal occlusions was excluded. Pseudo-occlusions
were defined as a gradual decay in contrast filling in the ICA
and a patent carotid bulb. Furthermore, the core lab evaluated
the Alberta Stroke Program Early CT Score (ASPECTS) on
baseline non-contrast CT (NCCT), occluded arterial segment
and collateral grade score on baseline CTA, recanalization grades
by the modified Thrombolysis In Cerebral Infarction (mTICI)
on DSA, and presence of intracranial hemorrhage on follow up
NCCT (12–14).

Outcomes
Primary outcome was the change in stroke severity at short-
term by comparing the National Institute of Health Stroke
Scale (NIHSS) score at 24–48 h after treatment vs. baseline
(delta-NIHSS). A negative delta-NIHSS indicates a neurological
improvement while a positive value indicates a neurological
decline at follow-up. Delta-NIHSS was chosen as primary
outcome for the following reasons (a) lack of a control group
of patients with LVO in whom EVT was not performed; and
(b) baseline differences between the treatment groups which
could result in frailer persons in one group with a subsequent
effect on midterm functional outcomes. Secondary outcomes
were NIHSS at 24 h, functional outcome at 3 months assessed
with the modified Rankin Scale score (mRS), technical success
parameters, and safety parameters.

Technical aspects of interventional procedure were evaluated
regarding duration of procedure (groin puncture to closure
of puncture site), recanalization status (mTICI score), and
occurrence new clots in a different vascular territory. Complete
DSA runs including anteroposterior and lateral views were
required to reach a mTICI score of 2B or higher. Missing lateral
views automatically resulted in a maximum possible mTICI score
of 2A. Successful reperfusion was considered when mTICI 2B or
higher was achieved. In addition, impact of reperfusion grade on
functional outcome was studied.

Safety measures included progression of ischemic stroke
and symptomatic intracranial hemorrhage (sICH). Ischemic
stroke progression was defined as neurological deterioration
of at least 4 points on the NIHSS, in which an intracranial

hemorrhage was excluded as the cause of the deterioration
with CT. ICH was considered symptomatic if the patient
had died or had deteriorated neurologically (a decline of
at least 4 points on the NIHSS), and the hemorrhage was
related to the clinical deterioration (according to Heidelberg
criteria). Both complications were evaluated by the complication
committee consisting of two vascular neurologists and one
neuroradiologist (15).

Statistical Analysis
Baseline characteristics were presented as frequencies, mean with
standard deviation or median and interquartile ranges (IQR).
Intergroup differences were assessed with Fisher’s exact test for
categorical data and Mann-Whitney U test for continuous data.
To evaluate the primary outcome, we assessed the neurological
improvement by subtracting NIHHS at baseline from NIHSS
at follow-up and tested within patient differences with a paired
Wilcoxon signed rank test.

Neurological improvement in patients with CAD compared
to patients with ACAO and to patient without CAD or ACAO
was evaluated with linear regression analysis with NIHSS at
follow up as outcome with adjustments for age, sex, NIHSS
baseline, time from stroke onset to groin puncture, intravenous
thrombolysis (IVT), location of intracranial occlusion, and
collateral status. The functional outcome (mRS score) at long-
term follow-up between the groups were expressed as an
adjusted common odds ratio (acOR) with 95% confidence
interval (95%CI) obtained from ordinal logistic regression with
adjustments for age, sex, NIHSS baseline, time from stroke onset
to groin puncture, intravenous thrombolysis (IVT), location
of intracranial occlusion, and collateral status. For outcome
regression analyses, multiple imputation techniques were used
to provide adjusted, unbiased estimates (16, 17). All analyses
were performed with R statistical software (version 3.4.2)
and additional packages (rms, tableone, haven, Hmisc, ggplot,
and ggpaired).

RESULTS

Of the 233 patients who were allocated to intervention in the
MR CLEAN trial, imaging assessment of the extracranial carotid
artery was insufficient in 11 patients. In total, 222 patients of
the MR CLEAN trial were included in our study. Of the 1,627
patients in the MR CLEAN Registry, 1,342 patients remained,
after exclusion of those younger than 18 years of age, had an
intracranial occlusion in the posterior circulation, were treated
in a non-MR CLEAN trial center, or had insufficient imaging of
the extracranial carotid artery. The combined dataset consisted of
a total of 1,564 patients (Figure 1).

We identified 74 of 1,564 patients (4.7%) with CAD at the
symptomatic side of ischemic stroke of which 15/233 (6.4%)
patients in the MR CLEAN trial and 59/1,342 (4.4%) patients
in the Registry. ACAO at the symptomatic side of stroke was
observed in 92 /1,564 patients (5.9%), leaving 1,398/1,564 (89%)
patients without CAD or ACAO.
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FIGURE 1 | Flowchart of included patients for analysis.

Baseline Patient Characteristics
Compared to patients with ACAO, patients with CAD were
significantly younger and had less cardiovascular risk factors
(Table 1). Furthermore, location of intracranial occlusion did
not differ significantly. In both groups, most intracranial
occlusions were found in the M1 segment of the middle cerebral
artery (Table 1).

Compared to patients without CAD or ACAO, patients with
CAD were more frequently men (resp. 52% vs. 74%; p < 0.001),
were younger (median age 71 years vs. 52 years; p < 0.001)
and cardiovascular risk factors or history regarding diabetes
mellitus, atrial fibrillation, hypertension, myocardial infarction,
and hypercholesterolemia were less frequently present (Table 1).
Median NIHSS scores at baseline were 16 in both groups (median
16 vs. 16 points; p 0.81). In both groups, the M1 segment of
the middle cerebral artery was the most frequent location of the
intracranial occlusion. Patients with CAD more frequently had a
distal ICA or carotid terminus (ICA-T) occlusion, while patients
without ACAO more often had an M2 occlusion (Table 1). On
baseline imaging, patients with CAD had a lower ASPECT scores
(median 8 points vs. 9 points; p 0.23) indicating more ischemic
changes but this difference was not statistically significant.
Duration from stroke onset to groin puncture (median 210min
vs. 235min; p 0.15) and the administration of IVT (78% vs. 85%;
p 0.17) were not statistically different (Table 1).

Primary Outcome
A within-patient comparison showed a significant reduction in
NIHSS in patients with CAD (NIHSS −5±7 points; p < 0.001),
in patient with ACAO (NIHSS −1±9 points; p < 0.001) and
in patients without CAD or ACAO (NIHSS −4±8 points; p <

0.001). In total, we observed a neurological improvement after

EVT (delta-NIHSS<0) in 50/70 (71%) patients with CAD, in
46/81 (57%) patients with ACAO and in 866/1,258 (69%) patients
without CAD or ACAO (Figure 2).

Outcomes in Patients With CAD vs.
Patients With ACAO
Compared to patients who had an extracranial tandem lesion due
to ACAO, patients with CAD had a better neurological outcome
on the NIHSS after adjustments for baseline parameters (NIHSS
points −4.0 [95%CI −7.2–−0.8]) (Table 2). Functional outcome
(mRS) was not significantly better in patients with CAD (acOR
1.72 [95% 0.84–3.50]) (Figure 3). Duration of procedure (resp.
median 80 vs. 74min; p 0.35) and rates of successful reperfusion
(resp. 38/81 (47%) vs. 33/70 (47%); p 1.00) were comparable
between both groups. In addition, we observed similar impact of
reperfusion grade on functional outcome in patients with CAD
and ACAO (Table 4).

Outcomes in Patients With CAD vs.
Patients Without CAD or ACAO
Neurological improvement on the NIHSS at 24–48 h after EVT
in patients with CAD and in patients without CAD or ACAO
was similar (p = 0.62; Table 2). Also, the 24–48 h NIHSS scores
in patients with CAD and patients without CAD or ACAO were
similar after adjustment for baseline parameters (NIHSS points 0
[95%CI−2.1–2.0]).

Patients with CAD had a better functional outcome (mRS at
90 days) than patients without CAD or ACAO (cOR 1.60 [95%CI
1.07–2.38]). However, after adjustment for the prespecified
prognostic factors, this association was no longer significant
(acOR 1.00 [95%CI 0.64–1.56]) (Figure 2).The duration of
procedure was significantly longer in patients with CAD than in
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TABLE 1 | Baseline characteristics of included patients.

Patients with

CAD

(n = 74)

Patients with

ACAO

(n = 92)

Patients without

CAD or ACAO

(n = 1398)

P-value

CAD vs. ACAO

P-value

CAD vs. without CAD

or ACAO

Sex-male (%) 55 (74.3) 72 (78.3) 727 (52.0) 0.69 <0.001

Age-years (median [IQR]) 52 [45–59] 68 [58–77] 71 [60–80] <0.001 <0.001

Smoking (%) 21 (28.4) 36 (39.6) 313 (22.5) 0.18 0.31

Diabetes mellitus (%) 2 (2.7) 15 (16.7) 228 (16.4) 0.01 0.01

Atrial fibrillation (%) 7 (9.6) 3 (3.3) 344 (24.9) 0.17 0.01

Hypertension (%) 18 (24.3) 38 (41.8) 704 (51.0) 0.03 <0.001

Myocardial infarction (%) 2 (2.7) 12 (13.2) 224 (16.3) 0.04 0.01

Previous stroke (%) 6 (8.3) 7 (7.6) 241 (17.3) 1.00 0.07

Hypocholesteremia (%) 5 (6.8) 19 (21.1) 418 (30.8) 0.02 <0.001

Pre-stroke independence (mRS≤2) (%) 70 (95.9) 90 (98.9) 1221 (88.6) 0.46 0.08

Stroke severity at baseline (NIHSS) (median [IQR])a 16 [12–19] 16 [11–19] 16 [12– 20] 0.43 0.81

Location intracranial occlusion (%) 0.42 <0.001

Other 0 (0.0) 0 (0.0) 11 (0.8)

Intracranial ICA 16 (22.2) 17 (18.7) 46 (3.4)

ICA-T 25 (34.7) 33 (36.3) 298 (21.9)

M1 26 (36.1) 39 (42.9) 828 (60.8)

M2 5 (6.9) 2 (2.2) 178 (13.1)

ASPECTS score at baseline (median [IQR])b 8 [7–10] 8 [7–9] 9 [7–10] 0.57 0.23

Collateral grading score (%)c 0.14 0.36

0 2 (2.9) 1 (1.1) 94 (7.0)

1 28 (40.0) 27 (29.7) 435 (32.5)

2 27 (38.6) 32 (35.2) 516 (38.5)

3 13 (18.6) 31 (34.1) 294 (22.0)

Treatment with intravenous thrombolysis (%) 63 (85.1) 79 (85.9) 1086 (77.7) 1.00 0.17

Duration from stroke onset to groin puncture (median [IQR]) 235 [173–295] 211 [178–271] 210 [160–270] 0.54 0.15

aNational Institute of Health Stroke scale (Scores range from 0 to 42, higher scores indicating severe stroke). bAlberta Stroke Program Early Computed tomography Score (Scores

range from 0 to 10 lower scores indicating more early ischemic changes on baseline NCCT). cAssessed at baseline CTA. A score of 0 indicated absent collateral supply to the occluded

territory, 1: filling of >0% but ≤50%, 2: filling of >50% but <100%, 3: filling of 100% collateral supply of the occluded territory.

FIGURE 2 | Paired boxplot of NIHSS points at baseline and follow-up.

patients without CAD or ACAO (median 74 vs. 65min; p 0.01).
Rate of successful reperfusion was significantly lower in patients
with CAD (33/70 (47%) vs. 792/1357 (58%); p 0.08). Among

patients with CAD, progression of ischemic stroke (resp. 12.2%
vs. 11.7%; p 1.00) nor symptomatic intracranial hemorrhage (5%
vs. 6%; p 1.00) occurredmore often than in patients without CAD
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TABLE 2 | Clinical, technical and safety outcomes.

Patients with

CAD

(n = 74)

Patients with

ACAO

(n = 92)

Patients without

CAD or ACAO

(n = 1398)

P-value

CAD vs. ACAO

P-value

CAD vs. without

CAD or ACAO

CLINICAL

Delta-NIHSS (mean [sd]) −5 (7) −1 (9) −4 (8) 0.03 0.62

NIHSS follow up (24−48 h) (median [IQR]) 10 [4–15] 14 [5–20] 11 [4–18] 0.10 0.63

mRS score at 90 days (median [IQR])a 2 [2–4] 4[2–6] 3 [2–6] 0.01 0.01

mRS score at 0−2 at 90 days (%) 36 (51.4) 27 (30.0) 486 (37.3) 0.01 0.02

Mortality within 90 days (%) 8 (11.4) 27 (30.0) 368 (28.2) 0.01 0.01

TECHNICAL

Duration procedure (median [IQR]) 74 [51–99] 80 [57–115] 65 [40–90] 0.35 0.01

New thrombus different vascular territory – no. (%) 4 (22.2) 9 (39.1) 74 (25.6) 0.41 0.97

Successful recanalization (%)b 33 (47.1) 38 (46.9) 792 (58.4) 1.00 0.08

SAFETY

Progression of ischemic stroke (%) 9 (12.2) 15 (16.3) 163 (11.7) 0.60 1.00

Symptomatic intracranial hemorrhage (%)c 4 (5.4) 10 (10.9) 83 (5.9) 0.33 1.00

aModified Rankin scale score was assessed at 90 days after stroke onset. bmTICI ≥ 2B, score of 0 indicates no perfusion or anterograde flow beyond occlusion site, 1: penetration

of contrast but not perfusion, 2A: some perfusion <50% of vascular territory, 2B: substantial perfusion ≥50%, 3: complete perfusion of vascular territory. cClinical deterioration due to

intracranial hemorrhage defined by the Heidelberg bleeding classification.

FIGURE 3 | Distribution of the modified Rankin Scale (mRS) score at 90 days. Functional outcomes were statically significant different between patients with carotid

artery dissection and with atherosclerotic carotid artery occlusion but also compared to patients without carotid artery dissection or atherosclerotic occlusion (resp.

cOR 2.05; 95%CI 1.17–3.57 and cOR 1.60; 95%CI 1.07–2.38). After adjustments for sex, age, stroke severity (NIHSS) at baseline, time from stroke onset to

intervention hospital, intravenous thrombolysis, collateral status and location of intracranial occlusion, functional outcome was no longer statistically different (resp.

acOR 1.72; 95%CI 0.84–3.50 and acOR 1.00; 95%CI 0.64–1.56).

or ACAO. Impact of reperfusion grade on functional outcome
was comparable between patients with CAD and patients without
COD (Table 3).

Determinants of Functional Outcome in
Patients With CAD
Age (cOR 0.95 [95%CI 0.92–0.99]), baseline NIHSS (cOR 0.90
[95%CI 0.83–0.98]) and collateral status on CTA (cOR 2.20
[95%CI 1.13–4.29]) were significantly associated with a good
functional outcome in patients with CAD. (Table 3). However,
in multivariable analysis, only collateral status on CTA remained
independently associated with good functional outcome (acOR
2.11 [95%CI 1.02–4.36]) (Table 3).

DISCUSSION

In this observational study, neurological improvement after EVT
in patients with CAD was significantly larger than in patients
with a tandem occlusion due to ACAO, while rates of successful
reperfusion were similar. Short term neurological improvement
after EVT between patients with CAD and those without CAD or
ACAO was of similar magnitude. However, at 3 months follow-
up, patients with CAD were significantly more often functionally
independent compared than patients without CAD or ACAO.
This can be explained by the fact that patients with CAD were
younger and had less cardiovascular risk factors. These findings
are consistent with a recent systematic review that showed that a
large proportion of patients with tandem occlusion due to CAD
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achieved functional independency after EVT (18). Furthermore,
we observed longer procedural times and lower rates of successful
reperfusion in patients with CAD and ACAO. This might
reflect the technical challenge of passing the extracranial carotid
artery obstruction.

Regarding safety aspects, no differences were found between
EVT-treated patients with CAD or without CAD/ACAO.
Although passing the intimal tear in a CAD carries the risk
of dislodging new emboli, embolization of thrombus to a new
vascular territory did not occur more often in the CAD group.
Furthermore, the rate of symptomatic ICH was not higher
in patients with CAD, despite our finding that CAD patients
suffered from larger occlusions (more distal ICA and ICA-
T occlusions) and had a lower ASPECTS score at baseline.
Our finding that the rate of complications in EVT-treated
patients with CAD is not increased, corresponds with previous
research (18, 19).

In a recent observational study, patients with CAD were
compared to patients with severe stenosis (>90%) or occlusion
due to atherosclerotic disease (7). Procedural times were
comparable, however, rates of successful reperfusion were
lower in our study compared to other cohort studies on
endovascular treatment in clinical practice (20, 21). This finding
might be explained by our core laboratory assessment which
reduces overestimation due to operator bias (22, 23). Also,
multiple retrospective studies on EVT-treated patients with
CAD, showed comparable results regarding outcomes and safety
aspects (19, 24, 25).

TABLE 3 | Univariable and multivariable analysis of functional outcome in

EVT-treated patients with CAD.

Univariable Multivariable

cOR 95%CI acOR 95%CI

Sex (male) 0.51 0.20 –1.30 0.49 0.18 –1.36

Age 0.95 0.92 –0.99 0.98 0.93 –1.02

Stroke severity (NIHSS) at baseline 0.90 0.82 –0.98 0.91 0.83 –1.01

Time from stroke onset to groin puncture 1.00 0.99 –1.01 1.00 0.99 –1.01

Intravenous thrombolysis 2.38 0.74 –7.67 3.39 0.94 –12.19

Collateral status 2.17 1.20 –3.90 2.11 1.02 –4.36

Location of intracranial occlusion 1.09 0.66 –1.79 0.81 0.47 –1.39

cOR, common odds ratio; acOR, adjusted common odds ratio; 95%CI, 95% confidence

interval.

Several limitations of our study need to be addressed. Firstly,
we could not evaluate the effectiveness of EVT due to the absence
of an untreated control group in our observational study. A
pooled analysis of patient-level data of larger EVT trails would be
possible, however, only two trials (MR CLEAN and REVASCAT)
allowed for inclusion of patients with CAD (10, 26). Performing a
randomized controlled trial would be best to determine whether
EVT is effective compared to no EVT. This may not be feasible
in light of the low number of patients with an intracranial
occlusion in combination with a CAD. Furthermore, despite
extracranial tandem lesions, intracranial occlusions are nowadays
routinely treated in daily practice based on previous results (5,
27). Our results confirm that this is a reasonable policy. Secondly,
we performed an observational multicenter study. Selection of
patients and treatment strategy may vary between intervention
centers, introducing selection bias. We tried to minimize this
bias by adjusting for prognostic factors in multivariable analyses,
and by comparing different groups of patients. Thirdly, due
to the retrospective design of our study, we were not able to
perform additional analyses on the technical management of
tandem lesions. This data would be of interest as there is an
ongoing debate whether a diseased ICA should be treated or left
alone during EVT. In addition, recent literature, suggests that
the treatment of the intracranial occlusion should have priority
over possible treatment of the affected ICA (28–31). Fourthly,
the long-term follow-up was no longer than 3 months in the
MR CLEAN Registry. Therefore, we were not able to assess the
occurrence of recurrent strokes over a longer time period.

We observed that EVT in patients with ipsilateral CAD are
technically more challenging due to the additional obstruction of
extracranial carotid artery. However, neurological improvement
at short term is not different from patients without CAD or
ACAO and suggests a comparable treatment effect. At follow-up,
the chances of gaining functional independence are even larger in
patients with CAD compared to patients without CAD or ACAO,
likely because patients with CAD are younger, healthier, and are
burdened less with atherosclerotic and cardiac disease.

In summary, EVT in patients with intracranial LVO due to
CAD results in neurological improvement comparable to patients
without tandem occlusion. Therefore, carotid artery dissection by
itself should not be a contraindication for endovascular treatment
in stroke patients with intracranial large vessel occlusion.
Although more challenging endovascular procedures are to
be suspected in both patients with CAD or ACAO, accurate

TABLE 4 | Proportions of functional independence stratified by reperfusion grades.

Patients with CAD

(n = 74)

Patient with ACAO

(n = 92)

Patients without CAD or ACAO

(n = 1,398)

mTICI-score* N (%) mRS 0–2 (%) N (%) mRS 0–2 (%) N (%) mRS 0–2 (%)

0–1 15 4 (19) 20 2 (10) 266 41 (15)

2a 19 11(58) 22 7 (32) 272 81 (30)

2b−3 32 19 (59) 47 15 (32) 729 348 (48)

cOR (95%CI) 1.35 (1.02–1.78) 1.34(1.18–1.66) 1.36(1.28–1.44)

*Score of 0 indicates no perfusion or anterograde flow beyond occlusion site, 1: penetration of contrast but not perfusion, 2A: some perfusion <50% of vascular territory, 2B: substantial

perfusion ≥50, 3: complete perfusion of vascular territory.
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distinction between CAD and ACAO might influence clinical
decision making as better clinical outcome can be expected in
patients with CAD.

ETHICS STATEMENT

The MR CLEAN trial was carried out in accordance with
the recommendations of Medical Ethics Committee and
Resarch Board of Erasmus MC University Medical Center with
written informed consent from all subjects. All subjects gave
written informed consent in accordance with the Declaration of
Helsinki. The protocol was approved by the ethics committee
of the Erasmus MC, Rotterdam, the Netherlands (MEC-
2014-235). For the MR CLEAN Registry, the central medical
ethics committee of the Erasmus Medical Center Rotterdam,
the Netherlands, evaluated the study protocol and granted
permission to carry out the study as a registry.

AUTHOR CONTRIBUTIONS

KC contributed to the study design, drafting the manuscript
and figures, and performed statistical analysis. RG, PvD,
and BE contributed to the data acquisition and drafting
the manuscript. MU, RvO, and WvZ contributed to the
study design and drafting the manuscript. DD and AvdL

contributed to the conception and study design, interpretation
of data, and drafting the manuscript. AvE contributed to
the conception and the study design, contributed to the
data acquisition, and drafting the manuscript. All authors
contributed to manuscript revision, read and approved the
submitted version.

FUNDING

The MR CLEAN Registry was partly funded by TWIN
Foundation, Erasmus MC University Medical Center, Maastricht
University Medical Center and Academic Medical Center
Amsterdam. Erasmus MC received funds from Stryker R© by
DD, AvdL, and Bracco Imaging R© by DD. MUMC received
funds from Stryker R© and Codman R© for consultations by
WZ. The MR CLEAN trial was partly funded by the Dutch
Heart Foundation and by unrestricted grants from AngioCare
BV, Medtronic/Covidien/EV3 R©, MEDAC GmbH/LAMEPRO,
Penumbra Inc., Stryker R©, and Top Medical/Concentric.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2019.00102/full#supplementary-material

REFERENCES

1. Thiele BL, Young JV, Chikos PM, Hirsch JH, Strandness DE, Jr. Correlation of

arteriographic findings and symptoms in cerebrovascular disease. Neurology

(1980) 30:1041–6.

2. Dziewas R, Konrad C, Drager B, Evers S, Besselmann M, Ludemann P, et al.

Cervical artery dissection–clinical features, risk factors, therapy and outcome

in 126 patients. J Neurol. (2003) 250:1179–84. doi: 10.1007/s00415-003-0174-5

3. Bejot Y, Daubail B, Debette S, Durier J, Giroud M. Incidence and outcome of

cerebrovascular events related to cervical artery dissection: the Dijon Stroke

Registry. Int J Stroke (2014) 9:879–82. doi: 10.1111/ijs.12154

4. Mattioni A, Cenciarelli S, Biessels G, van Seeters T, Algra A, Ricci S.

Prevalence of intracranial large artery stenosis and occlusion in patients

with acute ischaemic stroke or TIA. Neurol Sci. (2014) 35:349–55.

doi: 10.1007/s10072-013-1516-4

5. Goyal M,Menon BK, van ZwamWH, Dippel DW,Mitchell PJ, Demchuk AM,

et al. Endovascular thrombectomy after large-vessel ischaemic stroke: a meta-

analysis of individual patient data from five randomised trials. Lancet. (2016)

387:1723–31. doi: 10.1016/S0140-6736(16)00163-X

6. Berkhemer OA, Borst J, Kappelhof M, Yoo AJ, van den Berg LA, Fransen

PSS, et al. Extracranial carotid disease and effect of intra-arterial treatment in

patients with proximal anterior circulation stroke in MR CLEAN. Ann Intern

Med. (2017) 166:867–75. doi: 10.7326/M16-1536

7. Gory B, Piotin M, Haussen DC, Steglich-Arnholm H, Holtmannspotter M,

Labreuche J, et al. Thrombectomy in acute stroke with tandem occlusions

from dissection versus atherosclerotic cause. Stroke (2017) 48:3145–8.

doi: 10.1161/STROKEAHA.117.018264

8. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker

K, et al. 2018 Guidelines for the early management of patients with acute

ischemic stroke: a guideline for healthcare professionals from the american

heart association/american stroke association. Stroke (2018) 49:e46–110.

doi: 10.1161/STR.0000000000000158

9. Droste DW, Junker K, Stogbauer F, Lowens S, Besselmann M, Braun

B, et al. Clinically silent circulating microemboli in 20 patients with

carotid or vertebral artery dissection. Cerebrovasc Dis. (2001) 12:181–5.

doi: 10.1159/000047701

10. BerkhemerOA, Fransen PS, BeumerD, van den Berg LA, LingsmaHF, YooAJ,

et al. A randomized trial of intraarterial treatment for acute ischemic stroke.

N Engl J Med. (2015) 372:11–20. doi: 10.1056/NEJMoa1411587

11. Jansen IGH, Mulder M, Goldhoorn RB, investigators MCR. Endovascular

treatment for acute ischaemic stroke in routine clinical practice: prospective,

observational cohort study (MR CLEAN Registry). BMJ (2018) 360:k949.

doi: 10.1136/bmj.k949

12. Barber PA, Demchuk AM, Zhang J, Buchan AM. Validity and reliability

of a quantitative computed tomography score in predicting outcome of

hyperacute stroke before thrombolytic therapy. ASPECTS Study Group.

alberta stroke programme early CT score. Lancet (2000) 355:1670–4.

doi: 10.1016/S0140-6736(00)02237-6

13. Tan IY, Demchuk AM, Hopyan J, Zhang L, Gladstone D, Wong K, et al.

CT angiography clot burden score and collateral score: correlation with

clinical and radiologic outcomes in acute middle cerebral artery infarct. Am

J Neuroradiol. (2009) 30:525–31. doi: 10.3174/ajnr.A1408

14. Zaidat OO, Yoo AJ, Khatri P, Tomsick TA, von Kummer R, Saver JL, et al.

Recommendations on angiographic revascularization grading standards for

acute ischemic stroke: a consensus statement. Stroke (2013) 44:2650–63.

doi: 10.1161/STROKEAHA.113.001972

15. von Kummer R, Broderick JP, Campbell BC, Demchuk A, Goyal M, Hill

MD, et al. The Heidelberg bleeding classification: classification of bleeding

events after ischemic stroke and reperfusion therapy. Stroke (2015) 46:2981–6.

doi: 10.1161/STROKEAHA.115.010049

16. Moons KG, Donders RA, Stijnen T, Harrell FE, Jr. Using the outcome for

imputation of missing predictor values was preferred. J Clin Epidemiol. (2006)

59:1092–101. doi: 10.1016/j.jclinepi.2006.01.009

17. Saver JL. Novel end point analytic techniques and interpreting shifts across the

entire range of outcome scales in acute stroke trials. Stroke. (2007) 38:3055–62.

doi: 10.1161/STROKEAHA.107.488536

18. Hoving JW, Marquering HA, Majoie C. Endovascular treatment in patients

with carotid artery dissection and intracranial occlusion: a systematic

Frontiers in Neurology | www.frontiersin.org 8 February 2019 | Volume 10 | Article 102

https://www.frontiersin.org/articles/10.3389/fneur.2019.00102/full#supplementary-material
https://doi.org/10.1007/s00415-003-0174-5
https://doi.org/10.1111/ijs.12154
https://doi.org/10.1007/s10072-013-1516-4
https://doi.org/10.1016/S0140-6736(16)00163-X
https://doi.org/10.7326/M16-1536
https://doi.org/10.1161/STROKEAHA.117.018264
https://doi.org/10.1161/STR.0000000000000158
https://doi.org/10.1159/000047701
https://doi.org/10.1056/NEJMoa1411587
https://doi.org/10.1136/bmj.k949
https://doi.org/10.1016/S0140-6736(00)02237-6
https://doi.org/10.3174/ajnr.A1408
https://doi.org/10.1161/STROKEAHA.113.001972
https://doi.org/10.1161/STROKEAHA.115.010049
https://doi.org/10.1016/j.jclinepi.2006.01.009
https://doi.org/10.1161/STROKEAHA.107.488536
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Compagne et al. Endovascular Treatment of Carotid Dissections

review. Neuroradiology (2017) 59:641–7. doi: 10.1007/s00234-017-1

850-y

19. Marnat G, Mourand I, Eker O, Machi P, Arquizan C, Riquelme C, et al.

Endovascular Management of tandem occlusion stroke related to internal

carotid artery dissection using a distal to proximal approach: insight from the

RECOST study. Am J Neuroradiol. (2016) 37:1281–8. doi: 10.3174/ajnr.A4752

20. Mueller-Kronast NH, Zaidat OO, Froehler MT, Jahan R, Aziz-

Sultan MA, Klucznik RP, et al. Systematic evaluation of patients

treated with neurothrombectomy devices for acute ischemic stroke:

primary results of the STRATIS registry. Stroke (2017) 48:2760–8.

doi: 10.1161/STROKEAHA.117.016456

21. Volny O, Krajina A, Belaskova S, Bar M, Cimflova P, Herzig R, et al.

Mechanical thrombectomy performs similarly in real world practice: a 2016

nationwide study from the Czech Republic. J Neurointerv Surg. (2018) 10:741–

5. doi: 10.1136/neurintsurg-2017-013534

22. Fahed R, Ben Maacha M, Ducroux C, Khoury N, Blanc R, Piotin M,

et al. Agreement between core laboratory and study investigators for

imaging scores in a thrombectomy trial. J Neurointerv Surg. (2018) 10:e30.

doi: 10.1136/neurintsurg-2018-013867

23. Zhang G, Treurniet KM, Jansen IGH, Emmer BJ, van den Berg R,

Marquering HA, et al. Operator vs. core lab adjudication of reperfusion after

endovascular treatment of acute ischemic stroke. Stroke (2018) 49:2376–82.

doi: 10.1161/STROKEAHA.118.022031

24. Haussen DC, Jadhav A, Jovin T, Grossberg JA, Grigoryan M, Nahab F, et al.

Endovascular management vs. intravenous thrombolysis for acute stroke

secondary to carotid artery dissection: local experience and systematic review.

Neurosurgery. (2016) 78:709–16. doi: 10.1227/NEU.0000000000001072

25. Kurre W, Bansemir K, Aguilar Perez M, Martinez Moreno R, Schmid E,

Bazner H, et al. Endovascular treatment of acute internal carotid artery

dissections: technical considerations, clinical and angiographic outcome.

Neuroradiology (2016) 58:1167–79. doi: 10.1007/s00234-016-1757-z

26. Jovin TG, Chamorro A, Cobo E, de Miquel MA, Molina CA, Rovira A, et al.

Thrombectomywithin 8 hours after symptom onset in ischemic stroke.NEngl

J Med. (2015) 372:2296–306. doi: 10.1056/NEJMoa1503780

27. Berkhemer O, van der Lugt A. Extracranial carotid disease and effect of intra-

arterial treatment in patients with proximal anterior circulation stroke. Ann

Intern Med. (2018) 168:83–4. doi: 10.7326/L17-0493

28. Mbabuike N, Gassie K, Brown B, Miller DA, Tawk RG. Revascularization

of tandem occlusions in acute ischemic stroke: review of the

literature and illustrative case. Neurosurg Focus. (2017) 42:E15.

doi: 10.3171/2017.1.FOCUS16521

29. Maus V, Borggrefe J, Behme D, Kabbasch C, Abdullayev N, Barnikol

UB, et al. Order of treatment matters in ischemic stroke: mechanical

thrombectomy first, then carotid artery stenting for tandem lesions of the

anterior circulation. Cerebrovasc Dis. (2018) 46:59–65. doi: 10.1159/0004

92158

30. Lockau H, Liebig T, Henning T, Neuschmelting V, Stetefeld H, Kabbasch

C, et al. Mechanical thrombectomy in tandem occlusion: procedural

considerations and clinical results. Neuroradiology (2015) 57:589–98.

doi: 10.1007/s00234-014-1465-5

31. Wilson MP, Murad MH, Krings T, Pereira VM, O’Kelly C, Rempel J, et al.

Management of tandem occlusions in acute ischemic stroke - intracranial

versus extracranial first and extracranial stenting versus angioplasty alone:

a systematic review and meta-analysis. J Neurointerv Surg. (2018) 10:721–8.

doi: 10.1136/neurintsurg-2017-013707

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Compagne, Goldhoorn, Uyttenboogaart, van Oostenbrugge,

van Zwam, van Doormaal, Dippel, van der Lugt, Emmer, van Es and the MR

CLEAN investigators. This is an open-access article distributed under the terms

of the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org 9 February 2019 | Volume 10 | Article 102

https://doi.org/10.1007/s00234-017-1850-y
https://doi.org/10.3174/ajnr.A4752
https://doi.org/10.1161/STROKEAHA.117.016456
https://doi.org/10.1136/neurintsurg-2017-013534
https://doi.org/10.1136/neurintsurg-2018-013867
https://doi.org/10.1161/STROKEAHA.118.022031
https://doi.org/10.1227/NEU.0000000000001072
https://doi.org/10.1007/s00234-016-1757-z
https://doi.org/10.1056/NEJMoa1503780
https://doi.org/10.7326/L17-0493
https://doi.org/10.3171/2017.1.FOCUS16521
https://doi.org/10.1159/000492158
https://doi.org/10.1007/s00234-014-1465-5
https://doi.org/10.1136/neurintsurg-2017-013707
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Acute Endovascular Treatment of Patients With Ischemic Stroke From Intracranial Large Vessel Occlusion and Extracranial Carotid Dissection
	Introduction
	Methods
	Patients
	Imaging
	Outcomes
	Statistical Analysis

	Results
	Baseline Patient Characteristics
	Primary Outcome
	Outcomes in Patients With CAD vs. Patients With ACAO
	Outcomes in Patients With CAD vs. Patients Without CAD or ACAO
	Determinants of Functional Outcome in Patients With CAD

	Discussion
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


