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Abstract

Introduction: The performances of contrast-enhanced ultrasound (CEUS) and digital subtraction angiography (DSA) were
used to establish an efficient as well as non-invasive clinical technique for the diagnosis of extra-cranial internal carotid artery
(ICA) stenosis.

Materials and methods: Thirty-six successive patients (11 women and 25 men, mean age: 65.0 £ 9.2, range: 43—78 years) with
internal carotid artery (ICA) stenosis were tested by CEUS and DSA. These tests were carried out by means of Hitachi Preirus
ultrasound machine for CEUS and Allura Xper FD20 system (Philips Medical Systems, Nederland B.V.) for DSA. 1.2 ml Son-
oVue (Bracco, Switzerland) was used a s contrast agent.

Results: The results clearly indicated that there were no noteworthy variations among the distributions recorded by CEUS as
well as DSA for the four tested groups. The percentage of diameter stenosis calculated by CEUS was clearly in accordance with
the DSA images. CEUS showed accurate results with good specificity and sensitivity at 50%, 70%, and 100%. Also, CEUS per-
formance was relatively better than DSA in the diagnosis of ICA and suitability of CEA.

Conclusion: CEUS proved to be a precise non-invasive testing method for the diagnosis of carotid artery stenosis which is
more feasible and well-tolerated in patients with various stages of carotid stenosis.
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Introduction occlusion were regarded inappropriate for this surgery.

Carotid endarterectomy (CEA) or carotid artery stent-
ing (CAS) is an operative method carried out to adjust
stenosis (narrowing) in the internal carotid artery (ICA)".
The suitability of the patient to this procedure was tested
on the basis of digital subtraction angiography (DSA).
Consequently, the patients having an ipsilateral carotid
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Therefore, it is a critical task as DSA is the only refer-
ence standard to assess the carotid stenosis but being an
invasive procedure, it is accompanied with a minor risk
of post-agiography stroke*” On the other hand, ultraso-
nography being a non-invasive procedure, affords infor-
mative indications required for the diagnosis of carotid
artery stenosis.

In addition, contrast-enhanced ultrasound (CEUS) im-
aging has been explored and progressively appeared in
clinical technology over the past few decades. Further-
more, contemporary with the technological enhance-
ments in the ultrasound scanning equipments, a wide
range of other devices have been intended to encoun-
ter the requirements of this quickly growing domain of
imaging. However, the rapid development of ultrasound
technology is hastened by the functioning issues of the
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doppler procedures and ultrasound imaging. Ultrasound
is employed in the investigation of sub-terranean body
structures, while the spatial resolution of grayscale imag-
ing and doppler sensitivity get affected with the impactful
extent over clinical efficacy of ultrasound®. In addition,
contrast agents assure the enhancement of specificity
and sensitivity of present ultrasound diagnoses as well as
possess the potential to extend wide scope of ultrasound
applications . This innovative technique, CEUS is poten-
tially used in the quantification of extracranial ICA steno-
sis in symptomatic patients with ipsilateral ICA apparent
occlusion on conventional US.

This study is significantly anticipated to compare CEUS
with the standard reference DSA in the patients with ap-
parent carotid stenosis by making use of conventional
ultrasound as well as has explored the clinical expediency
of CEUS intended for patients suffering from carotid ar-
tery stenosis.

Materials and methods
All the patients were provided with printed informed
consent.

Patients

This study was a retrospection from April 2012 until
March 2014 of 68 carotid artery samples taken from 36
patients (11 women and 25 men, mean age: 65.0 £ 9.2,
range: 43—78 years) were evaluated. All the patients were
investigated with color doppler flow imaging, B-mode ul-
trasound, CEUS, and DSA.

Equipment

All the ultrasound examinations were performed by the
radiologist with about 5 years experience in vascular ul-
trasound. CEUS and Conventional ultrasound tests were
executed by means of a Hitachi VISION Preirus System
(Hitachi Medical Corporation, Tokyo, Japan) with 5-13
MHz broadband linear array probes. All the examinations
were concluded within 2 weeks by means of CEUS, con-
ventional ultrasound, and DSA. Followed by ultrasound
procedure, the patients were further investigated by DSA.

Conventional ultrasound
Conventional ultrasound tests were performed for all the
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patients along with gray-scale as well as color doppler ul-
trasound imaging. Peak systolic velocity (PSV) values of
the distal extra-cranial ICA were recorded. Supplementa-
ry PSV indices were analyzed.

CEUS

Hitachi HI VISION Preirus machine (Hitachi Medical
Corporation, Tokyo, Japan) was utilized with the (con-
trast) software integrated in the Hitachi system. Con-
trast-enhanced imaging bearing low-mechanical-index
cadence contrast pulse sequencing technology SonoVue
(Bracco, Geneva, Switzerland) was employed.

DSA

Allura Xper FD20system (Philips Medical Systems, Ned-
erland B.V.) was used to carry out intra-arterial DSA with-
in 15 days of the sonographic tests. However, obstructive
ICA stenosis were categorized as 0-50% (mild), 50-69%
(moderate), 70-99% (severe), and 100% (occlusion).

Statistics

Software Statistical Product and Service Solutions 17.0
(Chicago, IL, USA) were used to perform statistical anal-
ysis. The mean * standard deviation is used to express
distribution values while median (M) and inter-quartile
range (IQR) is considered to express non-normal distri-
bution values.

Results

In the course of experimental study, 36 patients were se-
lected for CEUS and DSA. No contrast agents used have
instigated undesirable effects. Sixty-eight carotid arteries
(11 women and 25 men, mean age: 65.0 = 9.2, range: 43—
78 years) were evaluated.

Comparison of CEUS and DSA in the detection of ca-
rotid artery stenosis

Distribution of the four groups detected by DSA and
CEUS were tabulated in Table-1. No noteworthy varia-
tion in the distribution values were so far noticed both by
DSA and CEUS for all the four groups (p=0.01). In ad-
dition, the percent diameter stenosis values calculated by
CEUS imaging intensely correlated with the DSA mea-
surements (r = 0.97, p =0.01).
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Table-1: Contrast between the performance results of CEUS

and digital subtraction angiography

: E
Total numbers in the four degrees of CEUS
carotid artery stenosis groups 0- 50- o 0
49% | 69% 70-99% 100%
0-49% 23 0 0 0
50-69% 5 4 0
DSA

70-99% 0 2 24 0

100% 0 0 | 6

Depending upon the four stages of carotid artery steno-
sis, 50%, 70%, and 100% were taken as standard values
to record the specificity and sensitivity DSA and CEUS
for evaluating the extent of carotid artery stenosis while
the DSA findings were presumed to represent the actual

condition. CEUS recordings were in accordance for 7 of
8 vessels (86% sensitivity) for total occlusion, 31 of 33
vessels (92% sensitivity) for = 70% stenosis and 41 of 42
vessels (96% sensitivity) for = 30% stenosis (as shown in
Table-2).

Table-2: The sensitivity, specificity, positive, and negative predicted
values for CEUS at various cut-off points with the DSA results being
the reference standard for actual condition. Note: +ve refers to positive;

-ve refers to negative.

Degree of carotid sensitivity | specificity | +ve -ve
artery stenosis predicted | predicted
observed by CEUS value (%) | value (%)
For occlusion 86 100 100 98
For 70-100% 92 90 91 94
For 50-100% 96 99 100 96

CEUS versus DSA in the patency estimation of ICA
along with suitability for CEA
From the patency assessment findings (shown in Table-3
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and Table-4) by CEUS versus DSA, the DSA was diag-
nosed as carotid artery occlusion for one patient while
the CEUS evaluation of the same patient was also carotid
artery stenosis > 90% (Shown in Figure-1).
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Table-3: Performance of CEUS versus DSA in evaluating

patency of the ICA
Number of carotid arteries CEUS
patent occluded
patent 0 1
DSA occluded 1 11

Figure-1: CEUS analysis of a patient with ICA stenosis. (A) An image displaying
luminal stenosis and plaque ulceration (arrow) followed by the use of contrast agent.
(B) Lateral DSA images of the corresponding patient.

Table-4: Comparison between CEUS and DSA in the assessment of CEA suitability

Number of carotid arteries Gt
suitable unsuitable
DSA (suitability for suitable 0 1
CEA) unsuitable 1 11

Fig.2. (A) An image displaying slender flow (arrow) after the use of (SonoVue) a contrast
agent. (B) An image displaying slender flow (arrow) before the use of SonoVue. (C) DSA
images of the corresponding patient displaying a small stump of the proximal ICA (arrow) with
no noticeable flow away from it, representing a proximal ICA occlusion.
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Discussion

Severe carotid artery stenosis diagnosed patients are sub-
jected to extreme chances of stroke. Increasing obstruc-
tion of the ICA apparently increases these chances of
ischemic stroke while the degree of stenosis being one of
the significant factors to decide the patient selectivity for
surgical CEA®. DSA is considered as a golden standard
in the diagnosis of vascular diseases, however possess
several complications. CEUS is a latest technological in-
novation that has the potential to perform microvascular
imaging”® . However, numerous benefits of CEUS turn it
to be a more effective technology in contrast to magnetic
resonance imaging (MRI), computed tomography (CT)
and digital subtraction angiography (DSA).

Microbubble contrast agents along with various other ac-
quisition techniques are available to considerably improve
signals from the blood displaying the vascular lumen. Es-
pecially, SonoVue is a chemical substance that is injected
in to the blood pool for clearer visibility of the ultrasound
pictures, which is stabilized by a phospholipid core filled
with sulfur hexafluoride gas’. In the present study, we
have monitored stenosis as well as carotid plaques inside
the carotid artery repeatedly. There were no side effects
identified instantaneously or even after 24-hour follow-up
duration. Images of carotid stenosis and carotid plaque
identified in the CEUS and DSA images respectively were
represented in Figure 1. In carotid imaging, sonographic
contrast agents were employed to increase signals in the
blood stream as well as to increase delineation of vessel
walls facilitating the investigation of carotid plagues and
intima media thickness IMT)". From Fig.2, it was clear
that DSA diagnosed as occlusion of the internal carotid
artery while CEUS also diagnosed the presence of slight
occlusion in the bloodstream. Prospective comparison of
contrast-enhanced ultrasound and digital subtraction an-
giography was brought about by the ultrasound imaging
modalities.

In this experiment, we have employed CEUS and DSA to
diagnose stenosis in 68 ICA and compared these meth-
ods against conventional DSA as a standard reference. A
better specificity and sensitivity was observed for these
two techniques at the values of 50%, 70%, and 100%. As
per our observation, the possible reason for CEUS re-
sults showing stenosis rate lower than that of DSA in one
patient might be the presence of acute stenosis portion in
the distal internal carotid artery. Consequently, extended
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research would be desirable to assess the promising clin-
ical expediency of contrast enhanced ultrasound imaging
(CEUS) in the determination and proper diagnosis of
ICA stenosis of carotid artery.

Conclusion

CEUS has the ability to enhance better visibility of the
blood vessels thus providing a precise interpretation of
plaques, ulcers, and carotid stenosis. CEUS is a precise
noninvasive imaging technique for the diagnosis of ca-
rotid artery stenosis which is feasible as well as highly tol-
erable in patients with various extents of carotid stenosis.
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