Optical visualization of blood flow in the elimination of nosebleeds by
ligation of the external carotid artery according to angiography
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ABSTRACT

The evaluation of blood flow indicators in the elimination of nosebleeds by ligation of the external carotid artery
according to angiography data is considered. It has been shown that due to the ligation of one main vessel, which leads to
an increase in the perfusion rate, respectively, with a subsequent decrease in pressure on the walls of the vessels,
hypotension is observed. This reduction in pressure additionally leads to easier relief of nosebleeds in the presence of
relatively small erosive or destructive changes in the vessels of the nasal cavity, which are also supplied by the internal
carotid artery, and not just the external one. The result obtained means that when the external carotid artery is ligated
(temporarily excluded from the circulatory system), the static blood pressure on the walls in the internal carotid artery
(due to a decrease in the diameter of its cross section and an increase in the linear velocity of blood flow in it at a
constant blood volume flow) decreases within 3+15%. Accurate personalized values of blood flow parameters for the
model can be obtained using additional research methods, such as Doppler imaging. It is also possible to refine the model
by taking into account the current pressure in the norm with parallel blood flow in two (external and internal) carotid
arteries, although this refinement will be insignificant. This allows, on the basis of a simple model, to carry out planning
for stopping nosebleeds, based on the data of biophysical modeling of the mechanics of blood circulation. The
perspective of the work is the refinement of the model by CFD methods and the use of telemedicine services for remote
consultation and planning for the relief of profuse nosebleeds. Based on the foregoing, it can be concluded that ligation
of the external carotid artery in recurrent profuse nosebleeds, regardless of the systemic blood supply, has not lost its
significance to date and remains relevant as a method of effectively eliminating this formidable pathological process.
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1. INTRODUCTION

Epistaxis is one of the most common conditions in otorhinolaryngology, the treatment of which may require
hospitalization and the involvement of doctors from other specialties. Intense bleeding and their recurrent nature require
the provision of highly specialized medical care™?Bl Assessment of the airway, respiration, and circulation precedes
identification of the source of bleeding, control of pain, and achievement of hemostasis. Treatment options include local
vasoconstrictors, direct pressure, cauterization, tranexamic acid, nasal swabs, Foley catheters, or surgery “FIE! At
present, a fairly large number of minimally invasive stopping methods have been introduced into clinical practice, amon
which, first of all, embolization of the vascular bed of the marginal part of the bleeding area can be distinguished 1",
Methods of endoscopic distal approach directly to the erosive zone have found wide application. However, these
methods are not always sufficiently effective and efficient®!®),

Interest in the problem of nosebleeds is due both to an increase in the proportion of this pathology in the overall structure
of diseases, and to the insufficient effectiveness of therapeutic measures carried out at all stages of stopping the disease.
Therefore, the relief of nosebleeds remains relevant to the present. To a large extent, this is due to the polymorphism of
the etiopathogenetic factors that cause them, associated both with local changes in the vascular bed, the peculiarities of
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its architectonics, the resistance of the hyaline membranes of the vessels of the nasal cavity, and general changes in the
blood flow rheology characterizing the state of the systemic blood flow ™I,

A serious clinical problem is profuse nosebleeds from the posterior and postero-upper sections of the nasal cavity, in the
vascularization of which not only the distal sections of the external, but also the internal carotid arteries take part. These
bleedings pose a real threat to the life of the Patient and require complex therapeutic measures, including anterior and
posterior tamponade or surgical intervention®/I"],

However, despite extensive therapeutic measures, bleeding of this localization is difficult to control and in some cases
can lead to death. Moreover, at present there is no single, unified protocol (standard) for the provision of medical care for
nosebleeds. There are separate local protocols in Germany, France, Belgium and other countries that cover limited parts
of this complex pathological process.

The choice of treatment for profuse nosebleeds is associated with the elimination of their causes. Thus, determining the
causes of profuse nosebleeds and the role of collateral blood flow in recurrent bleeding allows us to calculate the optimal
amount of intervention to perform radical hemostasis. The possibilities of otolaryngologists and maxillofacial surgeons
in eliminating this pathologP/ are limited and in most cases come down to alloying the distal parts of the adductor vessels
supplying the bleeding area®®?!. Often, with profuse bleeding, embolization of the branches of the distal carotid arteries
and interruption of blood flow by clipping, local destruction of bleeding vessels directly in the bleeding area
(sphenopalatin artery, ethmoid arteries) are carried out.

However, these methods are not always sufficiently effective and efficient. This is due to the peculiarities of the
architectonics of vascular blood flow in the nasal cavity and adjacent areas, the presence of an extensive system of
anastomoses or redublicant arteries.

In cases of recurrent bleeding, ligation of the external carotid artery is necessary. This method, it seems to us, is
undeservedly forgotten. It finds application in oncologists during surgical interventions on the upper respiratory tract. In
addition, with this method, it is possible to reduce the static pressure on the walls of the internal carotid artery. To do
this, it is necessary to create a model of a one-dimensional blood flow through the common, external, and external
carotid arteries and calculate the model parameters, taking into account both averaged data and personification, based on
the results of angiographic image analysis.

The aim of the work is to assess blood flow parameters in the elimination of nosebleeds by ligation of the external
carotid artery according to angiography.

2. MATERIALS AND METHODS

The studies were carried out in the clinic of the Kharkiv National Medical University on the basis of the Department of
Head and Neck Surgery and the Diagnostic Center of the Kharkiv Regional Clinical Hospital. A survey was conducted of
46 patients aged 38 to 69 years with a diagnosis of epistaxis against the background of a hypertensive crisis. The duration
of bleeding ranged from 2 to 6 days. All patients from the moment of admission to the hospital underwent massive
hemostatic therapy with parallel application of anterior and posterior tamponade. Patients underwent angiography using
the diagnostic X-ray cardiovascular system "Integris Allura”, angiograph "Trideros-Optimatic-2000", Siemens). An
example of angiographic image and visualization of the vessels of the nasal region is shown in Figure 1. In 15 (32.6%)
patients, surgical intervention was performed in the form of ligation of the external carotid artery at the site of its origin
from the bifurcation of the common carotid artery. A retrospective analysis of the causes that led to the elimination of
nasal bleeding during ligation of the external carotid artery in 15 (32.6%) patients was carried out. It was found that in 12
(26.1%) patients, bleeding was due to vascular destruction in the external carotid artery, and in 3 (6.5%) patients,
bleeding was observed from the internal carotid artery.
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Figure 1. Example of angiographic image and visualization of the vessels of the nasal region.

3. RESEARCH RESULTS AND DISCUSSION

The construction of a biophysical representation of blood flow in this area was based on a model of one-dimensional
blood flow through the vessels according to Bernoulli's law. Figure 2 shows a magnetic resonance image of the main
vessels of this area!®!, which shows the common (CCA), internal (ICA) and external (ECA) carotid arteries. It was
concluded that the main reason for stopping bleeding was a decrease in static pressure on the walls of blood vessels,
which depends on the speed of blood flow!2*/%51(%6],

Figure 2. Magnetic resonance angiogram of the supra-aortic vessels showing the occipital artery originating from the internal carotid
artery™®

According to Bernoulli's law, the redistribution of pressure on the walls of blood vessels in two areas (the common and

internal carotid arteries), when the external carotid artery is ligated, the blood flow is carried out from the common CCA
only through the internal (ICA) carotid artery), which will be written as follows
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where p.., and p, — static pressures on the walls of the common and internal carotid arteries, respectively;
Veea @nd V., — linear blood flow velocities in the common and internal carotid arteries, respectively;

p — blood density.

Based on equation (1), the static pressure on the wall of the internal carotid artery will be determined as

Nea Ve p
Pica = Pcca ZCCA - % = Peca t E(VCZCA _VI(ZZA) ' )

The linear velocity of blood flow in the arteries is defined as

V=§, (3)

where Q — volumetric blood flow, S — sectional area of an artery perpendicular to blood flow.

The next step is to define the geometric parameters of the model. To assess blood flow parameters, either averaged
datal™ M2 or various imaging methods are used, such as multidetector helical X-ray computed tomography in
angiographic mode™ ™!, or magnetic resonance angiography™**1 A personalized approach for their determination in
the work was carried out on the basis of segmentation of radiographic angiographic images. An example of an
angiographic image of the area of bifurcation of the common carotid artery is shown in Figure 3a. The image is pre-
processed with histogram correction to increase the contrast and compensate for possible areas of uneven intensity™®/(*°!,
Next, the construction of the binary characteristic function is carried out H(i, j) areas of arteries D on the input image

B(i, j) according to expression
N N () Ko o
H y —
4.0 {o; (i, ) D.
(4)

Segmentation of the vascular area is carried out by the threshold method based on the determination of the boundary
value T of the intensity to determine the area D of the vessels, taking into account a priori data that this area has a lower
intensity on diagnostic images

C oL B ) <T;
H(@, J) = o
0; B(, j)>T.
©®)
The boundary value of the intensity T is determined in an automated mode according to the formula that calculates the
coefficient «,
Mk

— y 6
n m +1 ©

n

where M, — local maximum by histograms;

m, — local minimum by histograms between global and local M, maxima. The boundary value of the intensity will be
consistent with the minimum m, with the maximum value of the coefficient ¢,

T =m,, npu max(a,).

An illustration of the histogram of the angiographic image from Figure 3a, which clearly shows the intensity maxima
corresponding to the areas of the arteries (the area of the maximum on the left side of the histogram with fewer intensity
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levels in the extremum area) and surrounding tissues (the area of the maximum on the right with more extended intensity
levels) is shown in figure 3, b. The threshold value T for segmentation of the vascular area is taken according to formula
(6) to be 98. The results of the segmentation of the vascular area, as well as the morphological operation to highlight the
contour on an already segmented image, are shown in Figures 3c and 3 d, respectively.

P(n)$

0,017 (/,
OL-j-ﬂu—dlk v U
0 T 128 255N
b c

a d
Figure 3. lllustration of vessel segmentation on the hagiographic image: a - input image; b - histogram of the intensity of the input
image with the delimitation of the boundary level of the intensity T; ¢ - segmented image of vessels; d - contour image of vessels

After that, the diameter of the corresponding arteries is determined, as in an automated mode (with a vertical orientation
of the image area of the vessels): the common carotid artery - taking into account the condition that there are no
segmented connected objects horizontally in the nearest area, as well as the internal and external carotid arteries, which
are oriented parallel and present in the image as separate (but connected) objects in horizontal scanning. The area of
analysis is selected within 4-7 mm above the bifurcation point of the arteries. The minimum linear size of the contour
image of the corresponding vessel is taken as the diameter of each of the arteries. The data obtained from patients on the
diameters of the common and external and internal carotid arteries correspond with the data of the authors™*22] gnqd
average the ratios: d,., /dec, =0,75 and dg., /d.., =0,65 at average diameters d.., =6,5+1,6 mm, d,., =4,9+13
mm and dg., =4,2+11mm. These data correspond to the approximate equality of the sum of the geometric areas of the
sections of the outer S.., and internal S, carotid arteries total cross-sectional area S.., carotid artery according to

the expression
SCCA = SICA + SECA- ()

For such indicators, taking into account the approximation of the cross-sectional area S, common carotid artery circle

with diameter d., (similarly, we use the formula for ICA and ECA), we obtain

2
_ ”'dCCA

Sean =" ®).

Taking into account the above relation d,., /d.., = 0,75, we simply assume that the area of the internal carotid artery is
approximately two times less than the area of the common carotid artery

SCCA

2

Sica =

©)

Taking into account the condition of constancy of blood flow Q through the arteries , according to formulas
(3) and (9), the linear velocity of blood flow through the internal carotid artery during ligation of the external carotid
artery (temporarily excluding it from the circulatory system) will be determined as

Q =const

v, =2 . Q 2R 4 (10)

CCA SCCA
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Substituting in equation (2) from the reference data the values of mean arterial pressure in the common carotid artery
Peca =100 mmHg. = 13,3 kPa, linear blood flow velocity V., =0,47 m/s and blood density p =1,05-10° kg/m®, we get
the value of static pressure in the internal carotid artery p,., =12,95kPa.

For comparison, in another extreme case, we accept the equality of the sum of the diameters of the internal and external
carotid arteries to the diameter of the common carotid artery

dCCA = dICA + dECA ) (11)

we get

d

dicp = deca = CZCA ) (12)

and, accordingly, the area S,., of the internal carotid artery will be 4 times less than the area of the common carotid
artery

2
z[dCCA] _ ”'déCA _ Scea

ICA —
4\ 2 16 4 , (13)
which from formula (3), respectively, means for determining the blood flow velocity
Q Q 4Q
e S|cc SCCA SCCA «“
‘ (14)

Substituting the reference values from the previous paragraph, in this case we obtain the value of the static pressure in

the internal carotid artery Pica 21156 kpa In relation to the value of mean arterial pressure in the common carotid
artery p.c, =13,3 kPa, the change (pressure decrease) in the internal carotid artery during ligation of the external one for

the considered values will be in the range of 3+15%. However, there may be a tendency to a greater decrease in pressure
in the internal carotid artery when the external carotid is ligated due to refinement of the model. It is possible to refine
this approximate calculation taking into account percentage ratios compared not with the pressure in the common carotid
artery, but with increased pressure in the internal carotid artery in the norm (in the absence of ligation of the external
carotid artery) by taking into account the parallel flow of blood through the external and internal carotid arteries, which,
however, with averaged physiological indicators of both hemodynamics and the geometric dimensions of the arteries in
this area, will increase the considered percentage by about 5%. For clarity, it is also possible to make personalized full-
scale models of this area using 3D printing methods with the identification of vessels for their naturalistic visualization
(see Fig. 4), which can also be used for training.

Figure 4. Personalized full-scale 3D models of the skull with identification of large arteries
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4. CONCLUSIONS

The result obtained means that when the external carotid artery is ligated (temporarily excluded from the circulatory
system), the static blood pressure on the walls in the internal carotid artery (due to a decrease in the diameter of its cross
section and an increase in the linear velocity of blood flow in it at a constant blood volume flow) decreases within
3+15%. Hypotension is observed due to the ligation of one main vessel, which leads to an increase in the perfusion rate,
respectively, with a subsequent decrease in pressure on the walls of the vessels. This reduction in pressure additionally
leads to easier relief of nosebleeds in the presence of relatively small erosive or destructive changes in the vessels of the
nasal cavity, which are also supplied by the internal carotid artery, and not just the external one. Accurate personalized
values of blood flow parameters for the model can be obtained using additional research methods, such as
dopplerography. It is also possible to refine the model by taking into account the current pressure in the norm with
parallel blood flow in two (external and internal) carotid arteries, although this refinement will be insignificant. This
allows, on the basis of a simple model, to carry out planning for stopping nosebleeds, based on the data of biophysical
modeling of the mechanics of blood circulation. The prospect of work is the refinement of the model by CFD methods
and the use of telemedicine services™™!”!%! for remote consultation and planning for the relief of profuse nosebleeds.
Based on the foregoing, it can be concluded that ligation of the external carotid artery in recurrent profuse nosebleeds,
regardless of the systemic blood supply, has not lost its significance to date and remains relevant as a method of
effectively eliminating this formidable pathological process.

REFERENCES

[1] Krulewitz, N.A and Fix, M.L. “Epistaxis,” Emerg Med. Clin. North Am. Feb. 37(1), 29-39 (2019)

[2]1 Alam, B.S, Jawhari, A.M, Aljuaid, A.S, Althomali, M.A, AlMutairi, B.S, Alobaylan, H.A and Alosaimi, S.M.
“Parents' knowledge regarding first-aid management of epistaxis in children in Taif, Saudi Arabia,” J Family
Med Prim Care. 12(5), 940-945 (2023).

[3] Premi, E., Pilotto, A., Benussi, A., et al. “Aberrant origin of the occipital artery from the internal carotid artery:
utility of the occipital tap maneuver,” Journal of Vascular Surgery Cases, Innovations and Techniques 7(4),
743-745 (2021).

[4] Vale, F.L., Fisher, W.S., Jordan Jr, W.D., Palmer, C.A. and Vitek J., “Carotid endarterectomy performed after
progressive carotid stenosis following angioplasty and stent placement,” Journal of Neurosurgery 87(6), 940—
943 (1997).

[5] Merdad, M., Sanad, S.A., Alelyani, R.H., Alkhammash, A.M., Swead, F.M. and Alghamdi, O.M. “Assessment
of First Aid Measures to Control Epistaxis Among Health Care Providers at Tertiary Care Hospital in Saudi
Arabia,” Cureus.14(8), (2022).

[6] Wong, C.W., Tan, W.C., Yeh, Y.T., Chou, M.C. and Yeh, C.B., “Transarterial embolization for traumatic
intractable oronasal hemorrhage,” J Emerg Med. 44(6), 1088-91 (2013).

[7] Moon, S. “Comprehensive understanding of vascular anatomy for endovascular treatment of intractable
oronasal bleeding,” Yeungnam Univ J Med. 35 (1), 7-16 (2018).

[8]  Thiex, R., Wu, I., Mulliken, J.B., Greene, A.K., Rahbar, R., Orbach, D.B., “Safety and clinical efficacy of Onyx
for embolization of extracranial head and neck vascular anomalies,” AJNR Am J Neuroradiol 32(6), 1082-6
(2011).

[91 ReiBiberg, S. and Hartmann, M. “Grundlagen der interventionellen Behandlung bei Epistaxis,” Principles of
interventional treatment in epistaxis. HNO 67(5), 360-365 (2019).

[10] Krejza, J., Arkuszewski, M., Kasner, S.E., Weigele, J., Ustymowicz, A., Hurst, R.W., Cucchiara, B.L. and
Messe, S.R., “Carotid Artery Diameter in Men and Women and the Relation to Body and Neck Size,” Stroke
37(4), 1103-1105 (2006)

[11] Johnsen, S. H., Joakimsen, O., Singh, K., Stensland, E., Forsdahl, S.H. and Jacobsen, B.K., “Relation of
common carotid artery lumen diameter to general arterial dilating diathesis and abdominal aortic aneurysms,”
Tromse Study. Am. J. Epidemiol.169(3), 330-8 (2009).

[12] Bladin, C.F., Alexandrov, A.V., Murphy, J., Maggisano, R. and Norris, J.W. “Carotid Stenosis Index. A New
Method of Measuring Internal Carotid Artery Stenosis,” Stroke 26(2), 230-234 (1995).

[13] Williams, M.A., Nicolaides, A.N., “Predicting the normal dimensions of the internal and external carotid
arteries from the diameter of the common carotid,” European Journal of Vascular Surgery 1(2), 91-96 (1987).

Proc. of SPIE Vol. 12985 129850K-7



[14]

[15]
[16]
[17]

[18]

[19]

[20]

[21]
[22]
[23]
[24]
[25]

[26]

Musa, A. Salbacak, A., Emin, M., et al. “The Morphometrical Analysis of the External Carotid Artery and its
Branches with Multidetector Computerized Tomography Angiography Technique,” International Journal of
Morphology 31(4), 1407-1414 (2013).

Kwon, W., Kim, Y., Kim, J. et al. ,,Bilateral carotid artery geometry using magnetic resonance angiography: a
10-year longitudinal single center study,” Sci Rep 12, 4932, (2022).

Jeon, S. J., Kwak, H. S. and Chung, G. H. “Widening and rotation of carotid artery with age: Geometric
approach,” J. Stroke Cerebrovasc. Dis. 27, 865-870 (2018).

Ngo, M.T., Kwak, H.S., Ho Chung, G. and Koh, E.J. “Longitudinal study of carotid artery bifurcation geometry
using magnetic resonance angiography,” Vascular 3, 312-317 (2019).

Tymkovych, M., Avrunin, O., Gryshkov, O., Semenets, V. and Glasmacher, B. “lce crystals microscopic
images segmentation based on active contours,” IEEE 39th International Conference on Electronics and
Nanotechnology, 493-496 (2019).

Avrunin, O. G., Nosova, Y. V., Abdelhamid, I. Y., Pavlov, S. V., Shushliapina, N. O., Wojcik, W. et al.
“Possibilities of automated diagnostics of odontogenic sinusitis according to the computer tomography
data,” Sensors 21(4), 1-22 (2021).

Avrunin, O., Kolisnyk, K., Nosova, Y., Tomashevskyi, R., & Shushliapina, N., “Improving the methods for
visualization of middle ear pathologies based on telemedicine services in remote treatment,” IEEE KhPI Week
on Advanced Technology, KhPI Week, Conference Proceedings, 347-350 (2020).

Sokol, Y., Avrunin, O., Kolisnyk, K., & Zamiatin, P., ,,Using medical imaging in disaster medicine,” IEEE 4th
International Conference on Intelligent Energy and Power Systems, 287-290 (2020).

Pavlov, S.V., Kozhukhar, A.T., Titkov, S.V. et al. “Electro-optical system for the automated selection of dental
implants according to their colour matching,” Przeglad Elektrotechniczny 93(3), 121-124 (2017).

Rovira, J. R., Pavlov, S. V., Vassilenko, V. B, Wojcik, W. et al. "Methods and resources for imaging
polarimetry,” Proc. SPIE 8698, Optical Fibers and Their Applications, 86980T (2013).

Pavlov, S.V., Kozhemiako, V.P., Petruk, V.G. and Kolesnik, P.F., “Photoplethysmohrafic technologies of the
cardiovascular control,” Vinnitsa: Universum-Vinnitsa, 254 (2007).

Wojcik, W., Pavlov, S., Kalimoldayev, M., “Information Technology in Medical Diagnostics II,” London:
Taylor & Francis Group, CRC Press, Balkema, 336 (2019).

Zabolotna, N. 1., Radchenko, K. O., Tarnovskiy, M. H., ”System of Mueller-Jones matrix polarizing mapping of
blood plasma films in breast pathology,” Proc. SPIE 10407, 1040714 (2017).

Proc. of SPIE Vol. 12985 129850K-8



