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ABSTRACT

BACKGROUND AND PURPOSE: Not all tandem occlusions diagnosed on traditional vascular imaging modalities, such as MRA, repre-
sent actual complete ICA occlusion. This study aimed to explore the utility of high-resolution vessel wall imaging in identifying
true ICA tandem occlusions and screening patients for their suitability for endovascular recanalization.

MATERIALS AND METHODS: Patients with no signal in the ICA on MRA were retrospectively reviewed. Two neuroradiologists inde-
pendently reviewed their high-resolution vessel wall images to assess whether there were true tandem occlusions and categorized
all cases into intracranial ICA occlusion, extracranial ICA occlusion, tandem occlusion, or near-occlusion. DSA classified patient
images into the same 4 categories, which were used as the comparison with high-resolution vessel wall imaging. The suitability for
recanalization of occluded vessels was evaluated on high-resolution vessel wall imaging compared with DSA.

RESULTS: Forty-five patients with no ICA signal on MRA who had available high-resolution vessel wall imaging and DSA images
were included. Among the 34 patients (34/45, 75.6%) with tandem occlusions on DSA, 18 cases also showed tandem occlusions on
high-resolution vessel wall imaging. The remaining 16 patients, intracranial ICA, extracranial ICA occlusions and near-occlusions were
found in 2, 6, and 8 patients, respectively, on the basis of high-resolution vessel wall imaging. A total of 20 cases (20/45, 44.4%)
were considered suitable for recanalization on the basis of both DSA and high-resolution vessel wall imaging. Among the 25
patients deemed unsuitable for recanalization by DSA, 11 were deemed suitable for recanalization by high-resolution vessel wall
imaging.

CONCLUSIONS: High-resolution vessel wall imaging could allow identification of true ICA tandem occlusion in patients with an ab-
sence of signal on MRA. Findings on high-resolution vessel wall imaging can be used to screen more suitable candidates for recana-
lization therapy.

ABBREVIATIONS: EICA ¼ extracranial ICA; IICA ¼ intracranial ICA; HR-VWI ¼ High-resolution vessel wall imaging

Internal carotid artery occlusion is a relatively uncommon-
yet-important cause of TIAs and cerebral infarction.1 Tandem

occlusion of the ICA, typically diagnosed on Doppler sonogra-
phy, CTA, or MRA by the absence of flow, contrast media, or sig-
nal of the extracranial ICA (EICA) concomitant ipsilateral to the
intracranial ICA (IICA), is often associated with a poor prognosis
due to a low arterial recanalization rate.2-4

However, not all tandem occlusions identified on these lumi-

nal imaging modalities represent actual complete ICA occlusion.

Near-occlusion with or without full collapse (defined as promi-

nent carotid bulb stenosis with a string-like or otherwise normal-

appearing distal lumen)5,6 and isolated intracranial or extracra-

nial occlusion caused by atherosclerosis or dissection may mas-

querade as complete occlusion of the ICA.7-10 In these cases of

slow blood flow and altered flow dynamics, CTA or MRA acqui-

sition can “outrun” the arrival of a blood signal or contrast media,Received October 17, 2019; accepted after revision January 15, 2020.
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resulting in inadequate arterial angiography and the appearance

of an occlusion. This process can confound planning for recanali-

zation treatment because many neurointerventionists would

offer surgery to patients with apparent tandem occlusion on

conventional luminal imaging if focal occlusion or near-occlu-
sion was confirmed during intraoperative angiography.11-14 The
process can also cause misclassification of patients with isolated
ICA occlusion or near-occlusion during clinical trial screening
if the evaluation is based solely on CTA or MRA. Consequently,
accurate noninvasive imaging is necessary to visualize the true
occlusion site and to help screen potential candidates for recan-
alization therapy.

High-resolution vessel wall imaging (HR-VWI) techniques
allow direct characterization of the vessel wall and intraluminal
status by suppressing the signal in flowing blood,15 providing in-
formation about the location, length, and etiology of the occlu-
sion and the presence or absence of intraluminal thrombus.16,17 To
the best of our knowledge, our study is the first to determine
whether HR-VWI would enable superior identification of true tan-
dem occlusions.

We hypothesized that HR-VWI could more accurately iden-
tify true tandem occlusion in patients with apparent ICA occlu-
sion detected on MRA. The aims of this study were to explore the
utility of HR-VWI for identifying true ICA tandem occlusions
and to determine the suitability for endovascular recanalization
in patients with an absence of signal on MRA compared with
DSA.

MATERIALS AND METHODS
Patient Selection and Data Collection
This retrospective study was approved by the research ethics
board at Tianjin First Central Hospital (project identification No.
2018N133KY), and the informed consent requirement was waived.
A total of 355 diagnostic HR-VWI scans were obtained from
September 2016 to November 2018. Patients who had apparent
tandem ICA occlusion on MRA and underwent both HR-VWI
and DSA examinations were included in the study. The exclusion
criteria were the following: 1) the presence of ICA signal, 2)
the absence of DSA images for comparison, 3) insufficient
vessel coverage or uninterpretable images due to motion arti-
facts, and 4) nonatherosclerotic or dissection occlusion,
including Moyamoya disease, vasculitis, and trauma.

The patient data, including demographics, vascular risk fac-
tors (hypertension, hyperlipidemia, diabetes mellitus, coronary
disease, prior stroke history, smoking, and alcohol intake), and
their NIHSS scores, were retrospectively collected. The interval
time from the HR-VWI examination to symptom onset and the
time between HR-VWI and DSA were also recorded.

MR Imaging Protocols
All patients underwent routine brain MR imaging examinations
and HR-VWI on a 3T system (Magnetom Prisma; Siemens,
Erlangen, Germany) with a standard 64-channel head coil. Routine
brain MRIs, including DWI and TOF-MRA, were initially per-
formed for assessment of acute infarction and the vessels, respec-
tively. The HR-VWI was performed by an inversion-recovery
sampling perfection with application-optimized contrasts by using

different flip angle evolution (IR-SPACE; Siemens) sequence to vis-
ualize the intraluminal status by suppressing blood flow and CSF
signal, with the following parameters: TR = 900 ms; TE = 15 ms;
flip angle = 120°; FOV = 240� 210 mm2; matrix = 384� 336; 240
slices with 0.55-mm section thickness; reconstructed voxel
size = 0.55 � 0.55 � 0.55 mm3; and acquisition time = 7
minutes 43 seconds. Image reconstruction was performed
with the 3D function of the PACS. On-line Table 1 shows
more detailed sequence parameters.

MRA Analysis
All baseline MRA images were assessed by 2 diagnostic neurora-
diologists (with 3 and 7 years of experience in neuroimaging,
respectively) who were blinded to the DSA and HR-VWI findings
for the apparent tandem occlusion in the ICA. “Apparent tandem
occlusion” was defined as the absence of signal in the extracranial
ICA concomitant ipsilateral to the intracranial ICA.

HR-VWI Analysis
Two additional diagnostic neuroradiologists (both with 3 years of
experience in HR-VWI interpretation) who were both blinded to
the DSA findings and clinical treatment information separately
reviewed the HR-VWI and determined the presence or absence
of occlusions from the carotid bulb to the circle of Willis.
“Occlusion” was defined as discontinuation of lumen .5 mm in
length,18 which presented as no black-blood signal on HR-VWI.

The horizontal segment of the carotid canal was used as the
landmark to divide the ICA into extracranial and intracranial seg-
ments. The occlusion types were categorized as EICA occlusion,
IICA occlusion, tandem occlusion, and near-occlusion with or
without full collapse. “Tandem occlusion” was defined as cervical
carotid occlusion with a concomitant intracranial occlusion.19

Near-occlusion with and without full collapse was distinguished
by prominent carotid bulb plaque with a string-like or more nor-
mal distal lumen, respectively. On-line Figure 1 shows different
occlusion types on HR-VWI. The morphologic characteristics,
including distal ICA reconstitution and the occlusion segment,
were recorded. “Reconstitution” was defined as the ICA distal to
the occlusion being visible. Segments of the ICA were evaluated
on the basis of the classification criteria proposed by Bouthillier
et al.20

To evaluate intraobserver agreement, 1 reader reassessed
the same images and measured vessel occlusion length 3
months after the first reading session. The measurement
method of vessel occlusion length is shown on On-line Fig
2A. The cause of the occlusion, thrombus, or dissection with
intramural hematoma was recorded, according to previously
published parameters.21

Identification of Candidates Suitable for Endovascular
Recanalization on the Basis of Occluded Vascular
Features
Criteria of apparent suitability for endovascular recanalization
based on occlusion segment, occlusion type, and distal ICA
reconstitution were proposed.2,22,23 Therefore, the vessels were
further classified into 4 groups based on these morphologic fea-
tures as follows:
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1. Suitable for recanalization: near-occlusion without full collapse.
2. Probably suitable for recanalization: focal occlusion at or
above the clinoid segment, tandem occlusion with distal ICA
reconstitution before the clinoid segment, and near-occlusion
with full collapse.

3. Probably unsuitable for recanalization: tandem occlusion with
distal ICA reconstitution at or above the clinoid segment.

4. Not suitable for recanalization: tandem occlusion without
reconstitution.

DSA Analysis
Conventional selective cerebral angiography was performed using
the transfemoral approach, including cervical and intracranial
views in the anterior-posterior and lateral projections on the
biplane angiography suite system (Allura Xper FD20 biplane sys-
tem; Philips Healthcare, Best, the Netherlands). The injected vol-
ume of the contrast media was 6–8 mL.

Two interventional neuroradiologists (with 6 and 7 years
of experience in interventional neuroradiology, respectively)
reviewed all the DSA images in a blinded fashion to classify
those images into the same 4 occlusion types, including IICA
occlusion, EICA occlusion, tandem occlusion, and near-
occlusion. The morphologic characteristics, including distal
ICA reconstitution and occlusion segment, were defined
using criteria similar to that for HR-VWI. If DSA showed no
occlusion but only high-grade (90%–99%) stenosis in the ca-
rotid bulb with or without narrowing of the poststenotic ICA,
the finding was deemed to show near-occlusion.24 The vessel
occlusion length was measured by 1 of the readers (On-line
Fig 2B). The suitability of the occluded vessels for endovascu-
lar recanalization was also classified into 4 groups using the
same criteria as used for HR-VWI. Reperfusion was graded in
patients who underwent recanalization treatment according
to modified TICI perfusion categories, and procedural suc-
cess was defined as TICI 2b or 3.7

Statistical Analysis
Statistical analysis was performed using SPSS, Version 22.0
(IBM, Armonk, New York) and GraphPad Prism software 5.0
(GraphPad Software, San Diego, California). Categoric variables
were reported as proportions. Intra- and interneuroradiologist
agreement regarding the qualitative parameters associated with
the suitability for endovascular recanalization, occlusion site and
reconstitution, were assessed using the Cohen k . Disagreements
in the interpretation of occlusion categories and suitability for
endovascular recanalization were resolved by consensus review of
the images. The Fisher exact test was used to calculate the statisti-
cal differences in the categoric proportions from contingency ta-
ble analysis.

RESULTS
Patient Characteristics
In total, 355 patients with HR-VWI examinations were retro-
spectively analyzed; 78 patients were found to have an absence
of signal in the ICA on MRA. Fifteen patients without DSA
data for comparison were excluded; 4 patients were excluded
due to insufficient vessel coverage or motion artifacts.

Patients with other causes of ICA occlusion, including 11 with
Moyamoya disease, 2 with vasculitis, and 1 with trauma were
also ruled out. Finally, 45 patients were included in the cur-
rent study for analysis (Fig 1).

Of the 45 patients, 39 (86.7%) were men and 6 (13.3%) were
women, with an average age of 62 years. The median and mean
interval time between HR-VWI scanning and DSA was 6.0 6 3.5
days (ranging from 1 to 15 days). More demographics and base-
line characteristics are presented in On-line Table 2.

Assessment Reproducibility
Interobserver agreement coefficients regarding the occlusion cat-
egory, reconstitution, and suitability for recanalization on HR-
VWI and DSA were almost perfect (On-line Table 3). Agreement
coefficients were interpreted according to the methods described
by Kundel and Polansky.25 Intraobserver agreement for the above
qualitative analysis on HR-VWI was excellent, with k (95% CI) =
0.968 (0.907–1.000), 0.941 (0.861–1.000), and 0.945 (0.837–
1.000), respectively.

Findings on HR-VWI
Among the 45 included cases with apparent occlusions on MRA,
HR-VWI showed tandem occlusion in 18 cases (18/45, 40.0%).
All 18 cases also showed tandem occlusions on DSA (Table 1).
Figure 2 shows an example of a case with matching classifications
of tandem occlusion on both DSA and HR-VWI. In addition, dis-
section with intramural hematoma was detected on HR-VWI in
33.3% (6/18) of the cases of tandem occlusion.

FIG 1. Flow chart of patient selection.
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In the 27 (60%) remaining vessels, no tandem occlusions were
found. Instead, IICA occlusions, EICA occlusions, and near-occlu-
sions were observed in 6 (13.3%), 7 (15.6%), and 14 (31.1%) cases,
respectively. Of the 14 near-occlusion cases, 5 were near-occlusion
without full collapse and 9 were near-occlusion with full collapse
(Table 1 and On line Fig 3A). Therefore, near-occlusion with full col-
lapse was most frequently categorized as tandem occlusion by DSA.

Figure 3 depicts a case with apparent in-
ternal carotid tandem occlusion onMRA
and preoperative DSA, which was shown
to display near-occlusion with full col-
lapse on HR-VWI.

Findings on DSA
ICA tandem occlusions were detected
on DSA in 34 of 45 (75.6%) cases.
Sixteen patients (47.1%) had tandem
occlusion on DSA, but HR-VWI showed
IICA occlusion in 2, EICA occlusion in
6, and near-occlusion in 8 patients. The
remaining 11 (24.4%) patients without
tandem occlusion on DSAwere correctly
ruled out on HR-VWI. Among these
patients, near-occlusion was observed in
6 (13.3%) (of which 5 showed near-
occlusion without full collapse and 1
showed near-occlusion with full col-
lapse), isolated IICA occlusion was seen
in 4 (36.4%), and EICA occlusion in 1
(2.2%) (Table 1 and On-line Fig 3A).

The length distribution of the tan-
dem occlusion with the 2 imaging
methods is presented in On line Fig
3B. The length of occlusion measured
on HR-VWI was significantly shorter
than that shown on DSA (P, .001).

Suitability for Recanalization
Evaluated by HR-VWI versus DSA
A total of 20 patients were deemed
suitable for recanalization by both
DSA and HR-VWI (Table 2). The
extent of occlusion in these patients
(n = 20) included 5 occlusions from
the bulb to the cavernous ICA, 4 from
the bulb to the petrous ICA, 1 at the
cervical ICA, 4 localized at the supra-

clinoid ICA, 1 near-occlusion with full collapse at the ICA, and
5 near-occlusions without full collapse at the ICA. These num-
bers were 2, 2, 7, 6, 9, and 5, respectively, evaluated by HR-VWI
(Fig 4).

In the remaining 25 patients who were deemed unsuitable
for recanalization by DSA, 11 were found to be suitable for re-
canalization on the basis of HR-VWI, and 14 were considered

FIG 2. An example of tandem occlusion of the ICA. A, MRA shows an absence of signal in the
left ICA. B, DSA presents contrast cutoff (arrow) at the level of the carotid bulb with distal ICA
reconstitution (arrowhead). C, HR-VWI shows occlusion from the carotid bulb to the clinoid seg-
ment of the left ICA (arrowhead), with reconstitution at the supraclinoid segment, which was
considered unsuitable for recanalization. LICA indicates left ICA.

FIG 3. An example of apparent right internal carotid tandem occlusion on MRA (A) and preoper-
ative DSA (B, arrow). C, HR-VWI shows a patent ICA with a narrow residual cavity (arrowhead),
defined as near-occlusion with full collapse, which was considered suitable for recanalization. D,
Postoperative DSA demonstrates successful recanalization with TICI 3. RICA indicates right ICA.

Table 1: Different types of occlusion on HR-VWI versus DSA

HR-VWI
DSA

TotalIICA Occlusion EICA Occlusion Tandem Occlusion Near-Occlusion
IICA occlusion 4 (8.9%) 0 (0.0%) 2 (4.4%) 0 (0.0%) 6 (13.3%)
EICA occlusion 0 (0.0%) 1 (2.2%) 6 (13.3%) 0 (0.0%) 7 (15.6%)
Tandem occlusiona 0 (0.0%) 0 (0.0%) 18 (40.0%) 0 (0.0%) 18 (40.0%)
Near-occlusion 0 (0.0%) 0 (0.0%) 8 (17.8%) 6 (13.3%) 14 (31.1%)
Total 4 (8.9%) 1 (2.2%) 34 (75.6%) 6 (13.3%) 45 (100%)

a Tandem occlusion, concomitant extracranial ICA ipsilateral to the intracranial ICA occlusion. Fisher exact test: P, .001.
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unsuitable for recanalization by both HR-VWI and DSA
(Table 2). The extent of occlusion in these 25 patients included
15 occlusions from the carotid bulb to the clinoid segment
with reconstitution at the supraclinoid segment of the ICA, 2
occlusions from the bulb to the supraclinoid ICA, and 8 occlu-
sions from the bulb to the MCA. These numbers were 12, 2,
and 0, respectively, evaluated by HR-VWI (Fig 4).

Surgical Results for Endovascular Recanalization
Twelve patients underwent recanalization surgery successfully
with TICI 2b or 3 among the 20 patients deemed suitable for re-
canalization by both DSA and HR-VWI. One patient presented
with a history of recurrent stroke and underwent the operation
successfully, with TICI 3 in the 11 patients deemed suitable for
recanalization by HR-VWI but unsuitable by DSA. No operation
was performed in the 14 patients deemed unsuitable for re-
canalization evaluated by both HR-VWI and DSA.

DISCUSSION
This study demonstrates that HR-VWI could allow identification
of true ICA tandem occlusion in patients with apparent tandem
occlusion on MRA. Furthermore, we proposed a method for pre-
operative evaluation of recanalization.

The study also shows that the
arteries in approximately half of the
patients with an apparent tandem
ICA occlusion on DSA had patent or
focal occlusion on HR-VWI. This
finding may be due to the existence
of pseudo-occlusion on luminal imag-
ing techniques, including TOF-MRA,
CTA, and DSA. Previous studies have
indicated that even specialized radiolog-
ists may not be reliably able to distin-
guish true cervical occlusion from
pseudo-occlusion in patients with
ICA nonattenuation on single-phase
CTA.8 Many studies have advocated the
use of DSA to diagnose pseudo-occlu-
sion. However, in the series studied by
Grossberg et al,7 71% of patients also
showed a pseudo-occlusion on DSA.
The authors considered microcatheter
exploration to be the only method able
to accurately diagnose the location of

the occlusion. This method, however, was invasive, with a substan-
tial number of risks and potential complications. Thus, the nonin-
vasive HR-VWI could serve as a more convenient technique for
the identification of true ICA tandem occlusion.

Prominent proximal stenosis or occlusion of the extracranial
carotid or distal occlusions in the intracranial ICA could give the
appearance that the ICA was totally occluded on luminal imag-
ing. The findings in our study were consistent with those of other
recent studies.26-28 Patients with isolated vessel occlusion or near-
occlusion could have overestimation and exaggeration on images
captured with these luminal imaging techniques. Normal blood
flow may be interrupted, possibly leading to an absence of signal
or nonattenuation.8,29,30 To the best of our knowledge, there is no
existing literature focusing on whether HR-VWI would enable
superior identification of true tandem occlusion. As a result, the
literature available to evaluate true ICA tandem occlusion using
HR-VWI is limited. However, excellent interobserver agreement
in our study suggests that detection of true occlusion sites by HR-
VWI in patients with an absence of signal on MRA is highly
reproducible.

Recent research has shown that technical success rates in
patients with reconstitution below the clinoid segment on pre-
procedural CTA were significantly higher than in those with
reconstitution at or above the clinoid segment.22 Therefore, we
regarded the clinoid segment as the standard for suitability of

FIG 4. The extent of occlusion of 45 patients and their suitability for recanalization evaluated by
DSA and VWI. The black part represents occlusion or near-occlusion. OA indicates ophthalmic
artery.

Table 2: Performance of HR-VWI versus DSA in assessing tandem occlusion and suitability for recanalization of ICAa

DSA HR-VWI
Present Absent Suitable Unsuitable

HR-VWI present 18 (40.0%) 0 (0.0%) 4 (8.9%) 14 (31.1%)
HR-VWI absent 16 (35.6%) 11 (24.4%) 27 (60.0%) 0 (0.0%)
DSA (suitability for recanalization)
Suitable 9 (20.0%) 11 (24.4%) 20 (44.4%) 0 (0.0%)
Unsuitable 25 (55.6%) 0 (0.0%) 11 (24.4%) 14 (31.1%)

a “Present” means tandem occlusion–positive; “Absent” means tandem occlusion–negative. The table shows the proportional relationship between the presence of
tandem occlusion and the suitablity for recanalization. The percentage was calculated on the basis of a total number of patients of 45.
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endovascular recanalization. Because DSA was also used for re-
canalization-procedure planning, a false-positive finding of tan-
dem occlusion suggested that patients might be candidates for
the recanalization treatment. This could significantly impact deci-
sion-making for some patients who might otherwise be excluded
from selection as candidates for recanalization.31

Notably, 10 patients in our study had intramural hematomas,
which have previously been described as being characteristic of
dissection.32,33 Because the treatment for dissection is different
from that of an isolated thrombus, this finding further proves the
importance of HR-VWI.

Our study had several limitations. First, given the reliance on
HR-VWI, there was a potential for ascertainment bias because
these kinds of studies may have not been documented in previous
literature and it was often difficult to have a criterion standard to
confirm the occlusions. Second, this was a retrospective study
with a relatively small sample size, but compared with other trials
that focus on tandem or pseudo-occlusion,8,31,34-36 we had a simi-
lar or even relatively larger sample size. Third, although we pro-
posed a method to identify candidates for recanalization, this
method could not be well-validated due to a limited number of
surgery cases. Therefore, larger sample sizes are needed in the
future to validate the accuracy of the identification method.
Finally, we could not completely exclude the possibility of recana-
lization during the period between HR-VWI and the DSA exami-
nation; the spontaneous recanalization rate of ICA occlusion is
low, and the intervals are usually long, with an average interval of
.1 year.37,38 We believe that the chance of spontaneous recanali-
zation in our patients was small because the intervals between
HR-VWI and DSA were short, with mean intervals of 6.8 days.

CONCLUSIONS
Compared with DSA, HR-VWI could allow identification of true
ICA tandem occlusion in patients with an absence of signal on
MRA. Findings on HR-VWI can be used to identify more suita-
ble candidates for recanalization therapy.
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