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Abstract
Purpose The ultrasonographic and hemodynamic features of patients with carotid near-occlusion (CNO) are still not well known.
Our aim was to describe the ultrasonographic and hemodynamic characteristics of a cohort of patients with CNO.
Methods A prospective, observational, nationwide, and multicenter study was conducted from January/2010 to May/2016.
Patients with digital subtraction angiography (DSA)–confirmed CNO were included. We collected information on clinical and
demographic characteristics, carotid and transcranial ultrasonography and DSA findings, presence of full-collapse, collateral
circulation, and cerebrovascular reactivity (CVR).
Results One hundred thirty-five patients were analyzed. Ultrasonographic and DSA diagnosis of CNOwere concordant in only 44%.
This disagreementwas related to the presence/absence of full-collapse: 45%of patientswithCNOwith full-collapsewere classified as a
complete carotid occlusion, and 40%with a CNOwithout full-collapse were interpreted as severe stenosis (p < 0.001).Mean velocities
(mV) and pulsatility indexes (PIs) were significantly lower in the ipsilateral middle cerebral artery compared with the contralateral (43
cm/s vs 58 cm/s, p < 0.001; 0.80 vs 1.00, p < 0.001). Collateral circulation was identified in 92% of patients, with the anterior
communicating artery (73%) being the most frequent. CVR was decreased or exhausted in 66% of cases and was more frequent in
patients with a poor or absent collateral network compared with patients with ≥ 2 collateral arteries (82% vs 56%, p = 0.051).
Conclusion The accuracy of carotid ultrasonography in the diagnosis of CNO seems to be limited, with significant discrepancies
with DSA. Decreased ipsilateral mV, PI, and CVR suggest a hemodynamic compromise in patients with CNO.
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Background

Carotid near-occlusion (CNO) is a tight atherosclerotic steno-
sis of the carotid artery resulting in a decrease in the diameter
of the artery beyond the stenosis. CNO can be classified as
with or without full-collapse, which is defined as a “thread-
like” lumen distal to the stenosis [1]. CNO must be differen-
tiated from “conventional” severe (≥ 50%) carotid stenosis, in
which the distal reduction of the artery lumen is not observed.
This distinction is relevant because the risk of stroke seems to
be lower in CNO and the benefit of revascularization has not
been demonstrated in this type of stenosis [2–4].

The diagnosis of CNO is based on digital subtraction an-
giography (DSA) or computed tomography angiography
(CTA) [2, 5]. Carotid ultrasound has a low sensitivity and
does not seem to be the adequate technique to identify CNO,
as it may be misdiagnosed as complete carotid occlusions or
conventional stenosis [6]. However, some ultrasonographic
findings have been described, including filiform distal flow,
very reduced velocities and altered Doppler pattern with a
flattened, pseudovenous flow and low pulsatility. These fea-
tures are highly specific for CNO with full-collapse [7–9].
Conversely, high peak systolic velocity has been frequently
observed in CNO without full-collapse [6].

Two main mechanisms of stroke in CNO have been pro-
posed: an embolic mechanism, in which the reduction of
blood flow in the collapsed carotid artery favors blood stasis
together with the production of thrombi and its embolization,
and a hemodynamic mechanism in which collateral circula-
tion and cerebrovascular reactivity may play an important role
[10, 11].

Transcranial Doppler (TCD) findings in patients with CNO
are not yet known, and the available information on the he-
modynamic and ultrasonographic features of these patients is
limited. Therefore, the objective of this study is to describe the
ultrasonographic and hemodynamic characteristics of a cohort
of patients with symptomatic CNO.

Methods

Study design and patient selection

The CAOS study is a prospective, observational, nationwide,
multicenter registry study conducted in seventeen Spanish
university hospitals from January 2010 to May 2016. The
study methodology has been described previously [12]. The
study population comprised adult patients with angiography-
confirmed diagnosis of atherosclerotic internal carotid artery
(ICA) near-occlusion and ipsilateral ischemic stroke, transient
ischemic attacks (TIA), or retinal ischemia in the previous 6
months.

The study was supported by the “Proyecto Ictus” initiative
of the Spanish Cerebrovascular Diseases Study Group, and
approved by the ethics committees of Gregorio Marañón
University Hospital and the other participating institutions.
Written informed consent was obtained from all study
participants.

Diagnosis and imaging procedures

ICA near-occlusion was diagnosed in all patients using DSA
which was considered the reference diagnostic technique.
Based on the report by Fox et al. [2], diagnosis of ICA near-
occlusion is confirmed when the angiographic findings fulfill at
least 2 of the following 4 criteria: (1) delayed cranial arrival of
ICA contrast compared with the external carotid artery; (2) intra-
cranial collaterals seen as cross-filling of contralateral vessels or
ipsilateral contrast dilution; (3) frankly reduced diameter of the
ICA compared with the contralateral ICA; and (4) reduced ICA
diameter compared with the ipsilateral external carotid artery.

Full-collapse was defined as a “threadlike” lumen distal to
the stenosis [1]. Presence or absence of full-collapse was de-
termined with DSA and/or CT angiography.

For the quantification of the degree of carotid stenosis with
ultrasonography, we used the Society of Radiologists in
Ultrasound Consensus Conference criteria. According to
those criteria, ultrasonographic diagnosis of CNO can be
established by demonstrating a markedly narrowed lumen at
color or power Doppler mode rather than applying velocity
parameters [13].

ICA findings in DSA and carotid ultrasonography were
recorded as follows: normal; < 50% stenosis; 50–69% steno-
sis; 70–99% stenosis without near-occlusion criteria; near-
occlusion; and total occlusion.

Themean velocity (mV) and pulsatility index (PI) values of
both middle cerebral arteries (MCA) were recorded using
transcranial ultrasonography.

Collateral circulation through anterior communicating ar-
tery (ACoA), ipsilateral posterior communicating artery
(PCoA), or ipsilateral ophthalmic artery was assessed with
DSA and/or transcranial ultrasonography.

Cerebrovascular reactivity (CVR) was assessed using the
breath-holding index (BHI) according to the technique de-
scribed by Markus et al. [14]. Previously published local ref-
erence BHI values were considered [15]. CVR values were
classified as follows: normal CVR when the BHI was > 0.6
%/s, reduced when the BHI was between 0.3 and 0.6%/s, and
exhausted CVR when the BHI was < 0.3%/s.

Clinical data

We prospectively recorded baseline demographics (age and
gender), vascular risk factors (hypertension, diabetes,
smoking, dyslipidemia, ischemic heart disease, atrial
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fibrillation, previous history of stroke or TIA, and peripheral
arterial disease) and type of presenting event (ipsilateral ische-
mic stroke, ipsilateral TIA, ipsilateral retinal infarct, and ipsi-
lateral amaurosis fugax).

Statistical analysis

The statistical analysis was performed using the IBM SPSS
Statistics 22.0 software package for Windows. In the descrip-
tive analysis, the results were expressed as proportions (%) for
the qualitative variables and as mean ± standard deviation
(SD) or median and interquartile range (IQR) for the quanti-
tative variables. The normal distribution of the variables was
verified with the Kolmogorov-Smirnov test. For the univariate
comparative analysis, the Chi-square test was used for the
dichotomous variables and the Student T or Mann-Whitney
U tests for the continuous variables. p values ≤ 0.05 were
considered statistically significant.

Results

A total of 141 patients with angiography-confirmed CNO
were recruited in the CAOS registry. One hundred thirty-
five subjects who underwent an ultrasonographic study could
be included in this analysis. The baseline characteristics, dis-
tribution of risk factors, clinical presentation, and imaging
findings are presented in Table 1.

In 31 patients (23%) CNO was mistaken with a complete
ICA occlusion, and a “conventional” ICA stenosis was diag-
nosed with ultrasonography in 44 cases (33%). Diagnosis of
CNO was concordant with DSA in only 60 patients (44%).
The presence or absence of full-collapse was related with the
misdiagnosis of CNO with ultrasonography: 18 out of 40 pa-
tients (45%) with CNO with full-collapse were classified as a
complete ICA occlusion, while 28 of 70 subjects (40%) with a
CNO without full-collapse were interpreted as severe stenosis
(p < 0.001) (Figs. 1 and 2).

The analysis of the transcranial ultrasonography findings
showed that both, mV and PIs, were significantly lower in the
MCA ipsilateral to the CNO compared with the contralateral
MCA (Table 2). No differences were observed in mV and PI
values according to presence or absence of full-collapse, col-
lateral status, or CVR results (Table 3).

Collateral circulation could be analyzed in 127 patients
(94%) and was more frequent through the ACoA (100 pa-
tients, 74%), followed by the ipsilateral PCoA (53 patients,
40%) and the ipsilateral ophthalmic artery (35 patients, 26%).
In 63 patients (50%), collateral circulation was found through
2 or more of the arteries described. Collateral circulation was
absent in only 8 patients (6%). No differences were found in
the collateral status according to presence or absence of full-
collapse (Table 3).

The CVR study was carried out in 60 patients but could be
analyzed in only 50. CVR values ipsilateral to the CNO were
normal in 17 subjects (34%), reduced in 22 (44%), and
exhausted in 11 (22%). CVR contralateral to the CNO was
normal in 45 patients (90%) and reduced or exhausted in 5
(10%). The presence or absence of full-collapse did not affect
the CVR results (Table 3). CVR tended to be more frequently
reduced in patients with a poor or absent collateral network (0
or 1 collateral) compared with patients with 2 or more collat-
erals (reduced or exhausted ipsilateral CVR in 82% and 56%
respectively, p = 0.051) (Table 3).

Table 1 Baseline characteristics and main findings of patients

Age, mean (± SD) 68.71 (± 8.98)

Sex, n (%)

Male 116 (86%)

Female 19 (14%)

Vascular risk factors, n (%)

Hypertension 97 (72%)

Diabetes 50 (37%)

Dyslipidemia 71 (53%)

Smokers 46 (34%)

Atrial fibrillation 7 (5%)

Coronary heart disease 22 (16%)

Previous history of stroke/TIA 33 (24%)

Peripheral arterial disease 12 (9%)

Clinical presentation, n (%)

Ipsilateral ischemic stroke 95 (70%)

Ipsilateral retinal infarct 2 (2%)

Ipsilateral TIA 19 (14%)

Ipsilateral amaurosis fugax 9 (7%)

Full-collapse, n (%)a

CNO with full-collapse 40 (36%)

CNO without full-collapse 70 (64%)

Collateral status n (%)

Absent 8 (6%)

1 collateral artery 56 (44%)

≥ 2 collateral arteries 63 (50%)

ACoA 100 (74%)

PCoA 53 (40%)

Ophthalmic artery 35 (26%)

Cerebrovascular reactivity, n (%)

Normal ipsilateral CVR 17 (34%)

Reduced or exhausted ipsilateral CVR 33 (66%)

Normal contralateral CVR 45 (90%)

Reduced or exhausted contralateral CVR 5 (10%)

SD, standard deviation; TIA, transient ischemic attack;CNO, carotid near-
occlusion; ACoA, anterior communicating artery; PCoA, posterior com-
municating artery; CVR, cerebrovascular reactivity
a The presence or absence of full collapse could be determined in 110
patients
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Discussion

The main finding of this study was that the mean velocities
and pulsatility indexes of the MCA ipsilateral to the CNO
were significantly reduced compared with those observed in
the contralateral MCA, reflecting a hemodynamic impairment
in these patients. Additionally, the vast majority (more than

90%) of patients in our series presented collateral circulation
through the ACoA, PCoA, and/or ophthalmic artery. The
presence of compensatory collateral circulation in patients
with CNO has been previously described, reaching between
64 and 96% of cases [16, 17]. Some authors suggest that the
presence of collateral circulation in CNO is an almost constant
finding; in fact, it constitutes one of the 4 angiographic

Fig. 2 Angiographic and ultrasonographic findings in patients with
carotid near-occlusion with and without full-collapse. a–c Patient with a
carotid near-occlusion of the left ICA without full-collapse. aDSA show-
ing a reduced distal ICA diameter (white arrow) which is similar to ipsi-
lateral external carotid artery (black arrow) and smaller than the contra-
lateral ICA (b; white arrow). c Carotid ultrasonography showing in-
creased peak systolic velocities, suggesting a conventional > 50% ICA

stenosis. d–f Patient with a right carotid near-occlusion with full-collapse.
d DSA showing a “threadlike” lumen distal to the ICA stenosis (white
arrows), with a frankly reduced diameter compared with contralateral
ICA (e; white arrow). f Carotid ultrasonography showing an absence of
Doppler signal in the ICA, interpreted as a complete ICA occlusion. ICA,
internal carotid artery; DSA, digital subtraction angiography

Fig. 1 Carotid ultrasonography
findings in patients with DSA-
confirmed CNO. DSA, digital
subtraction angiography; CNO,
carotid near-occlusion
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diagnostic criteria [10]. An efficient collateral circulation in
patients with conventional carotid stenosis has been shown
to reduce the risk of stroke or TIA [16] and could also ex-
plain the observed low stroke rate in patients with CNO in
the North American Symptomatic Endarterectomy Trial
(NASCET), the European Carotid Surgery Trial (ECST),
and in the CAOS study [2–4, 12]. However, recent studies
have reported higher risk of recurrent stroke associated with
CNO [11, 18]. Unfortunately, these studies did not provide
information on collateral status and therefore its potential
protective effect in patients with CNO cannot be fully
established.

Two-thirds of our patients had a reduced or exhausted
CVR. A similar proportion of impaired CVR has been de-
scribed for conventional (> 50%) carotid stenosis [14, 19].
Reduced or exhausted CVR has been previously described
in CNO patients [20–22], and Oka et al. observed that CVR
was significantly lower in CNO than in patients with con-
ventional carotid stenosis or healthy subjects [23]. In our
series, the CVR seemed to be more frequently impaired in
patients without collaterals or poor collateral circulation (< 2
arteries); however, our results did not reach statistical signif-
icance (p = 0.051) and should be considered cautiously.

The pathophysiology of stroke in CNO patients remains
unclear. An embolic mechanism has been suggested, in
which the reduction of blood flow in the collapsed carotid
artery favors blood stasis and increases the risk of thrombi
formation and their subsequent embolization to distal arterial
territories [10]. However, some authors consider this mech-
anism unlikely because the low intraluminal pressure across
the stenosis may not allow the dislodgement of emboli from
the surface of the plaque [24]. Furthermore, a study using
transcranial Doppler monitoring of microemboli in the
MCA distal to a carotid stenosis, showed a very significant
reduction in the number of the detected microemboli when
the degree of stenosis exceeded 90% and specially in cases
with near-occlusion [25]. On the other hand, the hemody-
namic mechanism suggests that in certain situations such as
prolonged arterial hypotension and syncope, a stroke could

Table 2 Transcranial Doppler findings in ipsilateral and contralateral
middle cerebral artery

p

mV (cm/s), median (IQR)

Ipsilateral MCA 43 (33–57) < 0.001
Contralateral MCA 58 (49–71)

PI, median (IQR)

Ipsilateral MCA 0.80 (0.68–1.00) < 0.001
Contralateral MCA 1.00 (0.90–1.19)

mV, mean velocity; PI, pulsatility index; MCA, middle cerebral artery;
IQR, interquartile range

Ta
bl
e
3

C
om

pa
ra
tiv

e
an
al
ys
is
of

ul
tr
as
on
og
ra
ph
ic
an
d
he
m
od
yn
am

ic
fi
nd
in
gs

ac
co
rd
in
g
to

co
lla
te
ra
ls
ta
tu
s,
C
V
R
re
su
lts
,a
nd

pr
es
en
ce

or
ab
se
nc
e
of

fu
ll-
co
lla
ps
e

C
ol
la
te
ra
ls
ta
tu
s

Ip
si
la
te
ra
lC

V
R

F
ul
l-
co
lla
ps
e

0–
1
co
lla
te
ra
la
rt
er
y

≥
2
co
lla
te
ra
la
rt
er
ie
s

p
N
or
m
al

R
ed
uc
ed

or
ex
ha
us
te
d

p
C
N
O
w
ith

fu
ll-
co
lla
ps
e

C
N
O
w
ith

ou
t

fu
ll-
co
lla
ps
e

p

T
C
D
fi
nd
in
gs
,

m
ed
ia
n
(I
Q
R
)

Ip
si
la
te
ra
lm

V
57

(4
2–
62
)

36
(3
1–
56
)

0.
25
2

55
(3
4–
60
)

48
(3
2–
59
)

0.
32
3

47
(3
5–
56
)

41
(3
2–
58
)

0.
29
4

Ip
si
la
te
ra
lP

I
0.
80

(0
.6
9–
0.
96
)

0.
87

(0
.6
8–
1.
0)

0.
52
3

0.
81

(0
.6
1–
1.
20
)

0.
80

(0
.7
1–
0.
92
)

0.
74
2

0.
85

(0
.7
4–
1.
23
)

0.
80

(0
.6
9–
0.
97
)

0.
98
5

Ip
si
la
te
ra
l

C
V
R
,n

(%
)

N
or
m
al
ip
si
la
te
ra
lC

V
R

4
(1
8%

)
12

(4
4%

)
0.
05
1

-
-

-
6
(2
9%

)
8
(3
5%

)
0.
65
9

R
ed
uc
ed

or
ex
ha
us
te
d

Ip
si
la
te
ra
lC

V
R

18
(8
2%

)
15

(5
6%

)
-

-
-

15
(7
1%

)
15

(6
5%

)

Fu
ll-
co
lla
ps
e,

n
(%

)
C
N
O
w
ith

fu
ll-
co
lla
ps
e

15
(2
9%

)
24

(4
1%

)
0.
21
8

6
(4
3%

)
15

(5
0%

)
0.
65
9

-
-

-

C
N
O
w
ith

ou
tf
ul
l-
co
lla
ps
e

36
(7
1%

)
35

(5
9%

)
8
(5
7%

)
15

(5
0%

)
-

-
-

TC
D
,t
ra
ns
cr
an
ia
lD

op
pl
er
;m

V
,m

ea
n
ve
lo
ci
ty
;P

I,
pu
ls
at
ili
ty

in
de
x;

C
N
O
,c
ar
ot
id

ne
ar
-o
cc
lu
si
on
;C

V
R
,c
er
eb
ro
va
sc
ul
ar

re
ac
tiv

ity
;I
Q
R
,i
nt
er
qu
ar
til
e
ra
ng
e

709Neuroradiology (2021) 63:705–711



occur due to hypoperfusion [10]. It seems reasonable to con-
sider that the subgroup of patients with CNO and a worse
cerebral hemodynamic situation (poor collaterals and/or im-
paired CVR) could have a higher risk of suffering a stroke,
although this has not been demonstrated so far.

The concordance of carotid ultrasonography with DSA for
the detection of CNO was poor in our study. In more than half
of cases, CNO was mistaken with a complete carotid occlu-
sion or a conventional ICA stenosis. These ultrasonographic
mimics have been previously described [1]. The published
data about the use of ultrasonography in the diagnosis of
CNO are limited. It has been described that the presence of a
tight stenosis with reduced flow velocities constitutes a criteria
with high specificity and moderate sensitivity for the ultraso-
nographic diagnosis of this condition [7, 8]. Furthermore, sen-
sitivity of this criteria can be improved by adding a peak
systolic velocity distal to the stenosis < 50 cm/s [26].
However, Khangure et al. recorded this finding in only 13%
of their study population and failed to find other parameters
with high sensitivity and specificity to differentiate CNO from
a conventional carotid stenosis [6]. In our series, ultrasono-
graphic mimics were related with the presence or absence of
full-collapse: patients that were mistaken with a carotid occlu-
sion presented more frequently a CNO with full-collapse,
while those interpreted as a conventional ICA stenosis did
not show a full-collapse. These findings may be related with
the small low-flow signal that can be hardly detected with
ultrasounds in full-collapse patients, and with the high flow
velocities simulating a conventional high-grade stenosis in
CNO without full-collapse as previously noted by Khangure
et al. [1, 6]. There is no consensus on the real role of ultraso-
nography for the detection of CNO. Some authors consider
that the diagnosis of CNO should be confirmed with another
vascular imaging test such as DSA or CT angiography [1].
The poor results of ultrasonography in our study seem to con-
firm this approach.

Our study is subject to a series of limitations. First, the
ultrasonographic diagnosis of CNO was based on the criteria
of the Society of Radiologists in Ultrasound Consensus
Conference and therefore no velocity parameters such as
low flow velocity distal to the stenosis were applied.
Second, the use of DSA as the diagnostic tool for patient
inclusion may have generated selection bias, since older pa-
tients with comorbidities may have been excluded. Third,
DSA, CT angiography, and ultrasonography were not central-
ly read, leading to inter-observer error. Finally, CVR study
was performed in a small proportion of patients and this
may have affected the accuracy and the statistical power of
our results.

In conclusion, the accuracy of carotid ultrasonography in
the diagnosis of CNO is limited, with significant discrepancies
with DSA. CNO with full-collapse is often confused with
complete carotid occlusions, while CNO without full-

collapse is frequently interpreted as a conventional high-
grade stenosis. Although the majority of patients with CNO
present collateral circulation, the cerebral hemodynamics of
these patients seems to be altered, as evidenced by the reduc-
tion of mV, PI, and CVR. The role of these findings in the
pathophysiology of stroke in CNO needs to be clarified in
further studies.
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