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EVALUATION OF ULTRASOUND AS AN IMAGING
MODALITY IN THE ASSESSMENT OF CAROTID
ARTERY INVASION IN PATIENTS WITH HEAD AND
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SUMMARY - Tumor invasion of carotid arteries (CA) is found in 2%-7% of patients with head
and neck cancer (HNC). There are no standardized criteria to evaluate the invasion. Tumor invasion of
CA is assessed by using computerized tomography (CT) and magnetic resonance imaging. Ultrasound
was also used but the method has not become daily routine. The aim of this study was to examine the
effect of tumor invasion on CA dynamics and to evaluate the role of ultrasonography in the diagnosis
of invasion. The study was conducted on two groups of 22 patients each. The first group consisted of
patients with confirmed HNC and CA infiltration, while the second group consisted of patients with-
out any data of HNC. Motion of the CA wall was assessed using ultrasound from which a CA was
segmented and then the amount of motion was assessed by optical flow calculation. All patients with a
CT-verified CA infiltration had an altered CA motion. The research showed that tumor-infiltrated CA
had an altered dynamic when viewed on ultrasound.
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Introduction

Head and neck cancers (HNCs) are a heterogeneo-
us tumor group that accounts for 3% of malignancies'.
According to the EUROCARE-5 population-based
study, approximately 250000 cases of HNC and
63500 deaths occur annually in Europe’. HNCs are
associated with a significant reduction in the quality
of life because they spread to parts of the body used
for breathing, speaking, and swallowing. At the time
of diagnosis, most patients are in an advanced stage of
the disease, so the mortality rate is high**. The 5-year
survival rate is around 50%%".

The status of carotid arteries (CA) is of great im-
portance in determining the stage of the disease and
deciding upon the choice of treatment®. Tumor inva-
sion of the CA is a significant prognostic factor and
correlates with a poor prognosis”®. Diagnosing carotid
wall invasion is especially challenging because the rate
of inaccuracy of the invasion prediction by clinical
examination is up to 63%°. Deep neck fascia surroun-
ding the CA and CA pulsatility delay the infiltration’.
The infiltration is related to poor prognosis because
of the possibility of occlusion and bleeding when the
cancer erodes through the wall, as well as the rapid
disease progression characterized by such an advanced
cancer',

To date, no standardized criteria exist for CA wall
invasion assessment, and studies have produced con-
flicting results'®"”. Various parameters have been ob-
served such as CA compression, tumor surrounding
more than 180° of the wall circumference, length of
contact between the tumor and CA, ill-defined wall,
fat obliteration between the CA and the tumor, and
CA displacement”'?. Observing only one parameter
is not predictive of the invasion”>'*181% In contrast,
some authors have reported that combining para-
meters with computerized tomography (CT) and
magnetic resonance imaging (MRI) suggest an in-
vasion”>1°,

In studies that applied ultrasound as a method of
assessing carotid artery invasion, morphological cha-
racteristics of the CA wall or the relationship with
the surrounding structures were observed®**. Several
studies have reported that tumor invasion creates focal

hypoechogenicity of the wall**%. The application of
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ultrasound in assessing CA invasion as a standalone
method has not become common practice despite its
availability, simplicity, low price, and absence of harm-
tul effects on patients.

To our best knowledge, the CA wall dynamics
using ultrasound has not been observed in the asse-
ssment of tumor invasion. The aim of this study was to
evaluate the role of ultrasonography in the diagnosis
of HNCs. We hypothesized that weakened movement
or lack of CA movement could suggest its invasion.
Because no standardized and validated criteria exist,
assessment of CA invasion is still challenging and not
reliable enough.

Material and Methods

Study design

We performed a case-control study that included
44 patients who were treated at the Osijek University
Hospital Center from July 2020 to May 2022. The
patients were divided into 2 groups. The first group
consisted of 22 patients with confirmed malignant
disease of the head and neck. The second group was
a control group with 22 patients without clinically
and diagnostically evident malignant head and neck
disease. All patients were informed about the research
and signed informed consent forms. Patient data were
deidentified before analysis. The research was appro-
ved by the Ethics Committee of the Osijek University
Hospital Center and Faculty of Medicine, Josip Juraj
Strossmayer University of Osijek.

The inclusion criteria for patients in the first
group were as follows: primary, nonrecurrent HNC
without previous radiation therapy or chemotherapy;
metastases in cervical lymph nodes confirmed by fine
needle aspiration; and preoperative non-contrast and
contrast-enhanced CT of the neck where an HNC,
metastatically altered lymph node of the neck, and
CA infiltration was described. The inclusion criteria
for patients in the second group required they had no
clinically and diagnostically obvious malignant tumor
of the head and neck; and referral to neck CT scan
for any reason other than HNC. Measurements were
performed by two independent investigators.
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Baseline demographic data

Basic demographic data such as age and gender, as
well as medical history and radiologic and cytologic
findings, were collected. All patients underwent an
ultrasound examination of the neck, focusing on their
carotid arteries and metastatic lymph nodes.

Ultrasound protocol

A linear probe with a frequency of 9 MHz (a Lo-
giq E9 device) was used for ultrasound imaging of the
CA and metastatic lymph node with a short video
recording. Patients were in supine position during
the examination, with their neck extended and head
laterally rotated opposite to the side of the neck being
examined. Axial slices in B mode were made. Both
sides of the neck were examined to identify malignan-
tly altered lymph nodes that had been defined based
on predictive ultrasonic criteria, as follows: a round
shape, irregular edges, hypoechoic or heterogeneous
interior, absence of the central hilus, and peripheral
nodal vascularity**3!. Then, the CA wall motion next
to the metastatic lymph node was monitored, and a
video recording was made. Whether the motion of
the CA wall had altered (i.e., reduced or absent wall
movement) was assessed. In the case of altered wall
movement, the percentage of the wall with reduced or
absent motion was estimated.

Image analysis

Digital Imaging and Communications in Medici-
ne data obtained with an ultrasound procedure must
first be preprocessed. Each video has a defined size
of 250 images. The data preprocess includes trimming
the input data. The input images obtained by ultra-
sound devices often contain other information em-
bedded in images (e.g., date, device information, and
image scale) that must be removed because it might
skew the optical flow calculation. Following this step,
manual segmentation was done using the open-so-
urce 3D Slicer (version 4.11) segmentation software.
The segmentation was done manually by a radiologist,
segmenting the regions of interest, in this case, the
CA.

A blurring step was performed on the given input
image series because they contained high-frequency
noise that negatively affects the optical flow calculati-
on. Blurring was also performed on the segmentations
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to provide smoother transitions between individual
frames and to remove the outliers in the data because
the segmentations are done manually. The input image
series was blurred using a gaussian filter, with the ker-
nel size being 2% of the input image diagonal, whereas
the segmentations were blurred using a median filter
with the same size.

Image stabilization was done in such a way that
the area around the vessel segmentation remained
mostly static as the movement of the vessel area
through the surrounding tissue was observed. Image
stabilization was performed by extracting the features
in 2 consecutive frames*? from the region of the image
not containing the vessel. The mask was generated by
dilating the vessel segmentation by 5% of the image
diagonal.

The motion was estimated by tracking the extra-
cted features using the Lucas-Kanade optical flow™®.
'The affine transformation between the 2 consecutive
frames was determined by finding the optimal tran-
sformation using a least median method. Finally, the
transformations for each frame were computed as a
cumulative sum of transformations for all previous
frames and smoothed using a rolling average filter.

From the vessel segmentation, we extracted the
region of interest using dilation and erosion filters
with the size corresponding to 1% of the image dia-
gonal. Therefore, this region of interest corresponded
to the area around the outline of the vessel, spanning
both inwards and outwards. Another reference mask
was computed from the segmentation by dilating it
for 10% of the image diagonal. The metric used to
determine whether a pixel was under the influence of
tumor infiltration was the length of the optical flow
vector for each pixel in the image series. The optical
flow vectors were computed per frame, using the Gun-
nar-Farneback algorithm®. Because optical flow can
be sensitive to noise, a rolling average was used as a
metric and was computed using the next and previous
10% of available frames. Once the optical flow values
were computed, a reference value was calculated as
the average value of the pixels within the reference
mask. Then, the value of optical flow for each pixel
within the vessel surface mask was compared against
the reference mask. If the value was smaller than the
reference, then the pixel in question experienced less
movement than the reference and was considered to
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have been infiltrated by the tumor. In the same way,
if the value at a specific pixel was higher than the
reference, then it was not considered to have been
infiltrated.

In addition, the regions of the artery wall that were
or were not infiltrated were graphically indicated wit-
hin the data. The analysis was done wvia programming
languages and programming libraries for image pro-
cessing, Python (version 3.9.13) and Open CV (Open

Source Computer Vision Library)¥-¢.

Statistical analysis

Categorical data were expressed as absolute and
relative frequencies. Difference in category variables
was tested by the Fisher exact test. The normality of
numerical variable distribution was tested with the
Shapiro-Wilk test, and due to non-normal distribu-
tion, data were described by median and interquartile
range. The Mann-Whitney U test was used to test di-
fferences in continuous variables between the control
group and the malignant head and neck tumor group
(Hodges-Lehman difference of the median, with a
95% confidence interval (CI)). The Wilcoxon test
(Hodges-Lehman difference between medians, with
2 95% CI) was used to test differences in continuous
variables according to groups (ultrasound combined

Ultrasound as an imaging modality in head and neck cancer

with optical flow wvs. ultrasound infiltration). All p
values were 2-sided. The level of significance was
set to a=0.05. MedCalc Statistical Software (version
20.218) and SPSS (version 23) were used on data

analysis.

Results

The research was conducted on 44 patients, of
which 22 (50%) were in the control group. Of the 44
patients, 35 (79%) were male and 9 (21%) were female,
with no significant difference between the groups. All
22 patients with HNC had an infiltrated CA on CT
(Fig. 1). Control group patients were statistically signi-
ficantly younger than those with HNC (63 wvs. 70 ye-
ars; Mann-Whitney U test, p=0.03). The percentage of
infiltration estimated by the calculation of optical flow
on ultrasound images was significantly higher among
HNC patients compared to the control group (Mann
Whitney U test, p<0.001 (Table 1, Fig. 2). There were
no significant differences between the ultrasound in-
filtration findings assessed by the radiologist and the
infiltration assessed by the calculation of optical flow
(%) on ultrasound images (Wilcoxon test, p<0.001
(Table 2).

, i .
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Fig. 1. Contrast enhanced computed tomography scans of neck cancers showing extensive lymphadenopathy and carotid
artery invasion. (a) axial view; () coronal view; (c) sagittal view.
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Table 1. Differences in age and infiltration according to groups

Median (interquartile range) Difference .

Control group HNC patients (95% CI) P
Age (years) 63 (57-71) 70 (64-78) 7 (1-12) 0.02
Ultrasound infiltration/
optical flow
No infiltration (px) 217361 (174607-319274) | 605352.5 (410017-954244) | 346108 (203753-542062) | <0.001
Infiltrated (px) 8844.5 (1306-16600) 209685 (71726-336766) 200732 (71726-319892) <0.001
No infiltration (%) 95.67 (93.87-99.34) 76.14 (61.67-91.47) -20.52 (-28.86 to -8.53) | <0.001
Infiltrated (%) 4.03 (0.66-6.13) 23.86 (8.53-38.33) 20.5 (8.53-28.86) <0.001
e . rcion/ 0(0-0) 20 (20-30) 20 (20-25) <0.001

*Mann Whitney U test; HNC = head and neck cancer; CI = confidence interval; px = pixel

Table 2. Differences in infiltration assessed by optical flow calculation on ultrasound images and ultrasound infiltration
assessed by the radiologist in overall sample, control and HNC patients

| Median (interquartile range) | Difference 95% CI | p*
Overall sample
Ultrasound/optical flow (%) 7.73 (4.18-23.58)
-3.1 -5.91 to -0.005 0.06
Ultrasound/radiologist (%) 0 (0-20)
Control patients
Ultrasound/optical flow (%) 4.33(0.71-6.61)
-4.0 -5.58 to -2.31 <0.001
Ultrasound/radiologist (%) 0 (0-0)
HNC patients
Ultrasound/optical flow (%) 23.86 (8.53-38.33)
-1.36 -9.46-5.78 0.52
Ultrasound/radiologist (%) 20 (20-30)

*Wilcoxon test; HNC = head and neck cancer; CI = confidence interval
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Fig. 2. Optical flow estimation on ultrasound images. The artery wall regions that are or are not infiltrated are
graphically indicated: (a) patient without malignant disease of the head and neck; (b) patient with head and neck

cancer and cervical lymph node metastasis. Green wall = no infiltration; red wall = infiltrated
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Discussion

Our study showed that CAs described as infiltrated
on CT had variable dynamics (i.e., reduced or absent
wall motion). Information about the existence of tu-
mor invasion of CA in HNC patients is very important
for deciding on the choice of treatment and prognosis.
Studies have examined morphological characteristics
of the CA wall and the relationship between the CA
wall and the surrounding structures®?. Disruption
of the echostructure (i.e., the appearance of focal
hypoechogenicity of the wall, the loss of fascial plane
between the CA and the tumor, and more than half
the circumference of the CA being surrounded by a
tumor) indicates tumor invasion?*?*3°, Some studies
have suggested that ultrasound and MRI are better
predictors of CA invasion**?. Mann ez a/.>’ report that
reduced CA mobility and CA compression combined
with a slowed flow in the CA indicate invasion.

All CAs described as infiltrated on CT were also
marked as dynamically altered on ultrasound. Some
arteries moved less than the non-infiltrated arteries.
Our study showed that reduced or absent movement
of a CA wall next to the metastatically altered lymph
node detected by ultrasound indicated tumor invasion.
Our study showed that ultrasound could be useful for
assessing CA wall invasion in HNC patients.

Considering the subjectivity of ultrasound exami-
nation, additional quantification was made. No signifi-
cant differences were observed even when, for quanti-
fication purposes, an optical flow calculation was made
on ultrasonic images. The amount of CA movement,
assessed by optical flow, also indicated that a segment
described as infiltrated on CT and ultrasound images
had less movement than the non-infiltrated segment.
No significant difference was seen between the asse-
ssment of the percentage of infiltrated CA wall by op-
tical flow calculation and the radiologist’s assessment.
Considering our results, ultrasound can be considered
a reliable method for the assessment of CA invasion,
complementary to CT. A positive correlation exists
between 3 or more image criteria for artery wall in-
filtration on a CT and an ultrasonically detected we-
akened or absent wall movement when assessing CA
tumor invasion.
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The radiologist described appropriate movement
of the CA on ultrasound in all control group patients.
There were no segments with altered dynamics. As-
sessment of the amount of movement by calculating
optical flow on ultrasound images showed a reduced
amount of CA movement in 17 of 22 patients. The
percentage of reduced movement was 1%-9%. The re-
ason could be that most of the control group patients
were referred to the ultrasound imaging because of ar-
teriosclerotic alterations of CA that contributed to an
increased wall rigidity (i.e., contributed to a reduced
movement of the CA wall)*®. Further studies should
include patients without signs of arteriosclerotic alte-
rations in their control groups.

This study had several limitations. It was a retros-
pective study conducted at a single center. All HNC
patients underwent postoperative histopathologic
tumor analysis but CA in terms of tumor invasion
had not been analyzed. Therefore, we used the most
available reference method of visualization, i.e., CT.
'The next limitation was the small number of patients
because of a relatively low incidence of CA infiltration
from a metastatic lymph node. The possibility of bias
existed, considering there is no standardized criterium
for evaluating CA infiltration. We used optical flow
on ultrasound images to overcome the subjectivity of
ultrasound.

Conclusion

Improving radiological methods in assessing a di-
sease enables better choice of therapy and better pro-
gnosis for the patient. Our study provides new insights
into the CA dynamics and the possibility of ultraso-
und application in the assessment of CA wall tumor
invasion. The research showed the tumor-infiltrated
CAs to have an altered dynamics. The movement of
CA wall was either weakened or absent. Ultrasound
is a method by which we can analyze the dynamics of
arteries in real time and reach an accurate diagnosis in
a faster and simpler way. Considering the rarity of this
disease, a multicenter study on a larger sample is nee-
ded to verify ultrasound as a complementary method
for assessing CA invasion.
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Sazetak

PROCJENA ULTRAZVUKA KAO SLIKOVNO-DIJAGNOSTICKE METODE U ODREDIVANJU INVAZIJE
KAROTIDNE ARTERIJE U BOLESNIKA OBOLJELIH OD KARCINOMA GLAVE I VRATA

T. Pandurovic, D. Stimac, T. Turk, S. Pesic, V. Zubéic, M. Bogovic, N. Cekici L. Simic¢

Tumorska invazija karotidne arterije (CA) nalazi se u 2%-7% bolesnika sa zlo¢udnim tumorom glave i vrata (HNC). Ne
postoje standardizirani kriteriji za procjenu invazije. Procjenjuje se prvenstveno kompjutoriziranom tomografijom (CT) i
magnetskom rezonancijom (MR). Primjenjivao se i ultrazvuk, no metoda nije u svakodnevnoj uporabi. Cilj ovog istraZivanja
bio je ispitati utjecaj tumorske invazije na dinamiku CA te ulogu ultrazvuka u dijagnostici invazije. Istrazivanje je provedeno
na dvjema skupinama od po 22 ispitanika. Prvu skupinu &inili su ispitanici s poznatim HNC i infiltracijom CA, dok su drugu
Cinili ispitanici bez podataka o HNC. Svim ispitanicima ultrazvuéno je procijenjeno gibanje stijenke CA, a potom je CA
segmentirana i procijenjena koli¢ina gibanja izratunom optickog toka. Kod svih ispitanika s CT verificiranom infiltracijom
CA ultrazvuéno i izra¢unom optickog toka utvrdeno je smanjeno gibanje stijenke. Rezultati ovog istrazivanja pokazuju da
oslabljeno ili odsutno kretanje CA moze ukaivati na njezinu infiltraciju.

Kljuéne rijeci: Karcinom glave i vrata; Invazija karotidne arterije; Optz'c%i tok; Segmenmcija; Ultrazvuk
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