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NOJIHOCTbIO LUPPOBOM

MN3T/KT?

100 net Ha3apn Philips npepncrasuna cBoOIO Nepsylo ‘
PEHTIreHOBCKYIO TRYOKY, 1 BOT YXKe Ha NPOTAXKEHUU

BEKa KOMIMAaHMUA CO30aEeT MHHOBALUN, KOTOPbIe

NOMOraloT Bpavyam CTaBUTb TOUHbIN
AMarHo3s c NepBoro pasa v bbicTpee
onpenensaTb TAKTUKY NIeYeHUS.

MepBbi NONHOCTbLIO LMdpPOBOH
M3T/KT Philips Vereos
NO3BONSAET NEPecMoTPeThb S~
XapaKTepUCTUKU :
M3T-Bu3yanusauuum n nepentn
Ha HOBbIV YPOBEHb KavyecTBa
MeaULMHCKON ONArHOCTUKMW.

Vereos ocHalleH 3anareHToBaH-
HOWM TexHonoruen UmppoBoro
noacueta potoHos (DPC), koTo-
pas Nnpeobpasyer nsnydyaembin
CBeT HenocpencTBeHHO cpasy
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1 - Clinical Research
THE ROLE OF 3D CT INHE EVALUATION OF MIDLE EAR ANOMALIES Centre for Otorhinola. -
yngology to the Federa |
Medico-Biological Agency
of the Russian Feder a-

Diab Kh.M.12 Gulyamov ShBZ, Korobkin A.S1, Kuyan Yu.S1,

Pashinina O.A. 1, Kondratchikov D. S. 12 tion.
Moscow, Russia.
urpose. Improve the diagnostic and treatment of isolated malformation of the mi d- 2 - Pirogov Russian
dle ear National Research Med  i-
M aterials and methods. 40 patients with various types of middle ear abno rmalities cal University.
were examined. The average age was 30.5 years. As the main research method was used Moscow, Russia
Spiral computed tomography of the temporal bones (Siemens Somatom Sensation 40 co m-
puter tom ograph) than the initial data sets were then reconstructed at 0.1 -mm inte rvals.

Three -dimensional images with VI were obtained from the original 2D data.

Various protocols of multi  -projection display of bony structures were used, including
bones and struc tures of the inner ear (for example, the cochlea, vestibule, semicircular ¢ a-
nals), to the 3D reformation.

In the analysis of CT of the temporal bones, special attention was paid attention to
the ossicular chain, the interposition of the facial nerve, the absence of the vestibule wi n-
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dow.

Results. Using this method were diagnosed anomalies of the middle ear and the fac i-
al nerve . Three-dimensional models of individual anatomical structures were created and
displayed in different colors. The display of the rel evant anatomical and pathological stru c-
tures was evaluated in 2D grayscale slices, 3D images and 2D slices showing the segmented
2D anatomy in different colors for each structure.

Conclusion. 3D CT allows a more detailed assessment of the anatomy of the t em-
poral bone, including its microanatomical structures, and used to evaluate the anomalies of
the temporal bone and the choice of treatment tactics.

Keywords: temporal bone, CT, 3D images.
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Fig. 1,2. 3D model ing of the middle ear.

Normal anatomical position of the auditory ossicles. M -malleus, | - incus, S -stape, W - wi ndow vest.i
cochlear window
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Fig. 3, 4, 5. Malformation of the incus, stapes and aplasia of the vestibule window.

Split tympanic segment of the facial nerve. M -malleus,| - incus, S -stape, WV - window vestibule, FN -facial nerve
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Fig. 6,7,8. Malformation of the incus (the absence of the long process of the incus), the absence of the
articulation between the incus and stapes.
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Fig. 9. Intraoperative find.
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Fig. 10-13. Malformation of the incus and stape (hypoplasia of the lenticular process, the absence of the
anterior crus of stape).
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Fig. 13. Intraoperative find.
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Fig. 14,15,16. Malformation of the malleus (the short process of the malleus is missing).

M-malleus,| - incus, S -stape, WV -wi ndow v e s t-icbchléaewindok VBN -facial nerve.
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Fig. 17-19. Malformation of the malleus and incus in the form of a conglomerate.
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Fig. 20. Intraoperative find.
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Fig. 21-25. Malleus and incus in the form of a conglomerate. Malformation of stape.
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Fig. 26. Intraoperative find.
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Fig. 27-29. Incus hypoplasia, the stapes superstructure is absent, the stapes footplate is aplased.

The facial nerve hangs over the projection of the vestibule window, into the bone . The black arrow points to the
vestibule window.M -malleus,| - incus, S -s t a p e ; codhl&ér window.
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PRACTICE OF HIGHFIELD MRI IN THE DIBNOSIS OF MENIERE'®ISEASE

Stepanova E. A. 1, Vishnyakova M. V.1, Kryukov A. .2, Kunelskaya N. L. 2, 1 - M.F. Viadimirsky

Svistushkin V. M3, Bedanova D .B3, Yanyu shkina E.S2, Abramenko A.S. 1 Moscow regional clinical
research Institute.

2 - L.I. Sverjevskiy clin -

eniere's disease (MD) is a chronic inner  -ear disorder characterized by recurrent .
cal research Institute of

episodes of vertigo, tinnitus and sensorineural hearing loss, the diagnosis of

o . ) O 4 . . tol logy.
which is established on the basis of certain crite ria not involving methods of orianngoloy .
- . . . . . 3 - I. M. Sechenov First
radiodiagnostics. Currently there are two methods of labyrinth hydrops visualization: i n- )
. . . . Moscow State Medical
traty mpanic and intravenous contrast agent introduction. -
- . . . . (Sechenov University).
Purpose. To evaluate the capabilities of intratympanically introduced MRI studi €S |\ \oscow Russia
with reliable clinical diagnosis of Meniere's disease. ' '
Materials and methods. 36 patients were examined, MR signs of labyrinth hydrops

were revealed in 93% of cases.

Conclusion. Contrast enhanced temporal bone MRI is a new method of the inner ear
stud y, which allows to determine the presence of endolymphatic hydrops, to estimate its
value in all parts of the inner ear and the dyna mics of changes after treatment

Keywords: MRI, endolymphatic hydrops, vestibular hydrops, cochlear hydrops, the
vestibul e, the cochlea, semicircular canals.
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a - Expansion of the cochlear canal with narrowing of the scala vestibuli (arrow).
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COMPUTER TOMOGRAPHYN THE DIAGNOSIS OFODONTOGENIC
MAXILLARY SINUSITIS

Serova N.S., Evseeva E.V.

urpose . Determining the possibil ities of modern radiology methods 0 multi -slice | sechenov First
computed tomography (MSCT) and cone -beam computed tomography (CBCT) 8 in  pmoscow State Medical
the diagnosis of inflammatory changes in the maxillary sinuses of odontogenic et = Unive rsity.
ology. Moscow, Russia.
Materials and methods. The study involved 180 p atients (100%) with maxillary s i-
nusitis b etween the ages of 21 to 81 years, all patients underwent radiology examination.
Results. Low efficiency of radiography was revealed. From 180 patients (100%) with
maxillary sinusitis the usage of computed tomograp hy helped to verify the diagnosis, to d e-
fine the radiological characteristics of odontogenic etiology and to choose correctly the fu r-
ther trea tment in 124 patients (68,8%).
Conclusion. MSCT and CBCT are th e most informative methods in diagnostics of
odon togenic maxillary sinusitis.

Keywords: multi -slice computed tomography, cone  -beam computed tomography, ma  x-
illary sinus, odontogenic maxillary sinusitis.
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espite significant progress in dental
care for the population, in recent years
there has been an increase in the
number of odontogenic maxillary s  i-
nusitis, which is associated with the
rapid d evelopment of interventional dentistry [1,
2]. Maxi llary sinusitis occupy one of the leading
places among the inflammatory processes of odo n-
togenic etiol ogy [1 - 4]. Often, the connection of
maxillary sinusitis with dental disease is undere S-
timated by specia lists, especially when it is not
obvious, and odon togenic sinus itis is considered
rhinogenic, which can lead to incorrect treatment
tactics for patients. This primarily relates to
chronic forms of odontogenic sinusitis with its re -
atively asympt omatic course [4 - 8].

According to Russian and foreign resea
ers, odontogenic maxillary sinusitis account for at
least 5-8% of the total number of inflammatory
diseases of the maxillofacial region [9, 10]. This is
due to the fact that the foci of chronic odontogenic
infection are not always possible to establish
ing a visual examination of the oral cavity. They
can also be concomitant with rhinogenic forms of
sinusitis and aggravate their course. Often, chro n-
ic odontogenic maxillary sinusitis is detected by
chance during an X -ray examination of the facial
skull bones due to another pathology [5, 7].

A common cause of the odontogenic maxi |-
lary sinusitis development is errors in endodontic
dentistry and dental implantation - carrying out
instruments for root canal treatment (root ne e-
dles, drills, canal fillers, p  ulp extractors), as well
as filling material and an implant for the root apex
of the tooth into the sinus cavity. Less often, fo r-
eign bodies in the sinus cavity are fragments of
the teeth roots [1, 2, 5, 12]. The reasons for the
development of odontogenic  maxillary sinusitis
include sinus infection during surgery with perf o-
ration of the maxillary sinus cavity bottom: most
often (up to 80%) with accidental opening of the
sinus during extraction and curettage of the hole
after extraction of the first and seco nd molars of
the upper jaw, less often & during resection of the
root apex, cystectomy, removal of retarded teeth,
sequestrectomy, implant implantation, removal of
tumors in this area [1, 10, 15].

rch-

dur-

As before, the leading role in the diagnosis of
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odonto genic maxillary sinusitis remains with rad i-
ology methods. Traditionally, to assess the par a-
nasal sinuses, X -ray is used in the nasal -chin pr o-
jection, panoramic radiographs of the skull in the

front and side projections.

To visualize the teeth, orthopantom  ography
or intraoral contact radiography is used, which
does not allow to reliably assess the condition of
the maxillary sinuses [11 & 14]. With the introdu  c-
tion of modern high -tech methods of radiology d -
agnostics 0 multislice computed tomography
(MSCT), cone-beam computed tomography
(CBCT), magnetic resonance imaging (MRI) & many
doctors began to abandon the classic X  -ray met h-
ods because of their low informativeness [12 0 14].
Moreover, data on the state of the alveolar ridge,
upper jaw teeth are not alwa ys included in the
protocols for the description of the paranasal s i-
nuses [11, 13]. This can lead to untimely diagn o-
sis and various local and general complications in
such patients [15, 16].

Purpose.

Determining the possibilities of modern r a-
diology met hods - multi -slice computed tomogr a-
phy (MSCT) and cone -beam computed tomography
(CBCT) - in the diagnosis of infla  mmatory changes
in the maxillary sinuses of odo  ntogenic etiology.

Materials and methods.

In the period from 2013 to 2018 in the Rad i-
ology Depa rtment, Clinical Hospital No. 1 of the
Sechenov University, 180 patients (100%) with
maxillary sinusitis of various etiologies were e X-
amined. In 124 patients (68.8%), an odontogenic
etiology of the disease was confirmed.

Analysis of the distribution of pa  tients a c-
cording to age and gender showed that from the
examined patients with odontogenic maxillary s i-
nusitis, the majority - 105 people (58.3%) - were
young and mature from 21 to 60 years old. There
were 19 patients over 60 years old (10.5%), the
average age of the patients was 48 years (from 21
to 81 years). Dominated by women (69; 38.3%)
and 55 men (30.5%) of working age.

A comparison of the clinical manifestations
of odontogenic maxillary sinusitis and the radi o-
logical picture made it possible to cond itionally
divide patients into two groups: in 73 cases

vilstcOd2%$ yO



RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

Fig.1R ( ¢DR).

Fig. 1b ( ¢ 2 B¥.) Fig.1c ( ¢ 2 BY)

Fig. 1. CBCT.

Panoramic (a) and multiplanar reconstructions of the right (b) and left (c) maxillary sinuses. Patient M., 37 years

old. Diagnosis: bilateral  odontogenic chronic maxillary sinusitis. There are CT signs of chronic granulomatous pe r-
iodontitis of teeth 1.8, 2.7, 2.8 (in the form of foci of destruction at the apex of the roots, round in shape, with

clear even contours). The lower walls of the sinuse s are thinned, not visible in the periodontal area of teeth 1.8 and

2.8 (indicated by arrows). In the lower part of the right maxillary sinus, a parietal soft tissue formation, of a hom o-
geneous structure, with a polycyclic upper contour, is determined. The left maxillary sinus is subtotally filled with

soft tissue contents, of a homogeneous structure, with a rounded upper contour.
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(40.5%), patients with acute inflammatory process
in the maxillary sinus had corresponding clinical
symptoms of t he disease, and 51 patients (28.3%)
did not complain (chronic inflammatory process in
the maxillary sinus).

A complete radiology study was carried out
in all cases. All patients underwent computed t o-
mography (MSCT or CBCT): MSCT for 83 patients
(46.1%), C BCT for 97 patients (53.8%). 129 p  a-
tients (71.6%) underwent radiography of the p a-
ranasal sinuses in the nasal -chin, semi -axial pr o-
jections. To clarify the condition of the teeth of the
upper jaw, orthopantomography was performed (n
=180, 100%) and intraor  al contact radiography (n
=19, 10.5%).

When analyzing diagnostic images, the crit e-
ria for odontogenic sinusitis were the following
signs: the presence of a foreign body of metal de n-
sity corresponding to a filling material or implant
in the sinus cavity; deep caries and signs of peri  o-
dontitis of premolars and molars of the upper jaw;
destruction of the maxillary sinuses lower wall in
the area of pathologically changed teeth.

Results and its discussion.

An analysis of the radio logy diagnostic r e-
vealed signs of maxillary sinusitis in 124 of 180
cases (68.8%) and to determine the odontogenic
etiology of the disease. 73 patients (40.5%) had
characteristic clinical symptoms of the disease
(headache, low -grade fever, sleep disturbanc e, a
feeling of a "rush" of heaviness in the correspon d-
ing half of the face when the head was tilted ant e-
riorly, nasal congestion on one side only); these
patients were referred for radiology examination
by otorhinolaryngologists. The remaining 51 pe o-
ple (28.3%) did not show complaints from the
maxillary sinuses; previously, they were referred
for examination by dentists and maxillofacial su r-
geons according to the following indications: 25
patients (13.9%) - to clarify the dental status, 15
patients (8.3%) - before dental implantation, 11
patients (6.1%) - for postoperative control after
surgery on the upper jaw. In these cases, the r e-
vealed inflammation of the maxillary sinus was a
diagnostic finding.

As believed, acute odontogenic inflammation

Fig.2R (¢goRy. 2

Fig.2b( ¢ o3+r.) 2

Fig. 2. MSCT.

Coronary (a) and sagittal (b) reconstruction of the right maxillary sinus. Patient K., 29 years old. Diagnosis: right -
sided odontogenic chronic maxillary sinusitis. The roots of teeth 1.6, 1.7 and 1.8 are immersed in the cavity of the
maxillary sinus. Condition after endodontic dentistry 1.6 and 1.7, with the removal of filling material at the apex of

the palatine root 1.7. In the area of the 1.6 -1.7 teeth roots, there is a rarefaction of bone tissue, w ith fuzzy uneven
contours (radiological signs of granulating periodontitis). In the lower part of the sinus, a parietal soft tissue fo r-
mation is determined, with a polycyclic contour, the bone walls of the sinus in this area are not traced.
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Fig. 3. CBCT.

Sagittal reconstruction, right maxillary sinus. Patient

U., 48 years old. Diagnosis: right -sided odontogenic
chronic maxillary sinusitis. Teeth 1.6 and 1.7 after
endodontic treatment; removal of filling material b e-
yond the tips o f tooth roots 1.6 is noted (the material

is | ocated in the bone tissue of the alveolar bone and

in the submucosal layer of the sinus). The rarefaction

of bone tissue in the region of roots 1.6 and 1.7 is d e-
termined, the bone wall of the sinus in this area is not
traced (arrow). In the lower part of the sinus, a thic k-
ening of the mucous membrane up to 10 mm is d e-
termined, in the upper medial part of the sinus a fo r-

eign body of irregular shape, metal density is visua I-
ized (corr esponds to fragments of filling material).
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of the m axillary sinus develops within 1 -3 days.
Often, the cause is the inflammatory pr ocess of
the upper jaw (acute or exacerbation of the chro n-
ic). Such conditions include complications of de n-
tal caries, periodontitis, periostitis, osteomyel itis,
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as well as sup puration of tooth cysts or granul o-
mas [7, 8].

Typical complaints of patients with acute
maxillary sinusitis were: difficulty in nasal breat h-
ing, rhinorrhea, loss of smell, headache and facial
pai n, a sensation of a
corresponding half of the face when the head is
tited anteriorly, low -grade fever, as well as no c-
turnal cough and sleep disturbance. Odontogenic
sinusitis, in contrast to rhinogenic sinusitis, has
the following distinctive features: isolated lesion of
one of the sinus es, pain in the tooth or in peri o-
dontal tissues, preceding the disease, impaired
face configuration due to swelling of the soft ti s-
sues of the cheek and pain during palpation of the
anterolateral sinus wall.

In acute sinusitis, thickened mucous me m-
branes, blackout, and fluid level were determined
on radiographs. In chronic sinusitis, a decrease in
the transparency of the sinus was noted.

When analyzing diagnostic images, the crit e-
ria for odontogenic sinusitis were the following
signs: the presence of a foreign body of metal de n-
sity corresponding to a filling material or implant
in the sinus cavity; deep caries and signs of peri o-
dontitis of premolars and molars of the upper jaw;
destruction of the lower bone wa Il of the maxillary
sinuses in the area of pathologically changed
teeth, as well as partial adentia of the upper jaw
in the area corresponding to changes in the maxi -
lary sinus.

During an X -ray examination in 51 patients
(28.3%) with acute maxillary sinusi tis, thickened
mucous membrane and/or subtotal darkening
with a horizontal liquid level were determined on a
panoramic radiograph. In 85 patients (47.2%)
there was a total decrease in sinus transparency,
of which 45 patients (25%) showed foreign bodies
of metal density (corresponding to filling material)
in the sinus cavity. However, the low contrast of
fluid and soft tissues, the summation of the sha d-
ows made it difficult to objectively evaluate the
obtained radiographs. To further assess the cond i-
tion of the teeth of the upper jaw, all patients u n-
derwent orthopantomography, which did not allow
a reliable assessment of the maxillary sinuses
state, and 20 patients (11.1%) accurately inte r-
preted changes in the region of the teeth tops of
the upper jaw (due to  reflection of projection la y-
ers of complex anatomical structures).

According to the results of our study, 31 p a-
tients (17.2%) showed signs of chronic periodont i-
tis in the area of premolar and maxillary molars
(fig. 1). Deep caries was diagnosed in 11 p  atients
(6.1%), cysts of the upper jaw in the area of the
roots of premolars and molars were visualized in
13 cases (7.2%).

Filling material was found in 45 patients
(25%) (fig. 2). Of these, 41 patients (22.7%) in the
submucosal layer of the lower sinus w all, and 4
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(2.2%) in the upper section near the medial sinus
wall (fig. 3). Failure of dental implantation was
diagnosed in 15 (8.3%) patients: the implant tip
was immersed in the sinus cavity, which caused
the development of chronic odontogenic maxillary
sinusitis, as well as complications in the form of
chronic polysinusitis (n = 11; 6.1%).

In our study, 30 patients (16.6%) had an
absence of upper jaw teeth in the area corr e-
sponding to changes in the maxillary sinus, which
also made it possible to judge t  he "odontogenicity"
of maxillary sinusitis.

In all cases, computed tomography (MSCT
or CBCT) made it possible to accurately diagnose
the form of the disease, determine the extent of
the sinus lesion, assess the condition of the lower
bone wall of the sinus  (detect a violation of itsi n-
tegrity and message of the tooth socket with the
sinus), determine the site of inflammation in the
periodontium, and also detect foreign bo dies in
the maxillary sinus. Moreover, the MSCT and
CBCT data were completely comparabl e and si g-
nificantly superior to traditional X -ray diagno stic
methods and had such advantages as the lack of
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MODERN ASPECTS OF URASOUND ELASTOGRAPHIN DIFFERENTIAL
DIAGN OSIS OF NODULAR THYRID NEOPLASMS

Timofeeva L.A 123, Sencha A .N.4, Tukhbatullin M.G. 3, Shubin L.B.5
1 - I. N. Ulianov Chuvash

urpose. The aim of this work was defining informative value of multi -parametric  State University.

ultrasound examination using ultrasound elastography in differential diagnosis of Cheboksary, Russia.

thyroid nodular neoplasms. 2 - Republican clinical

Materials and methods. The work is based on outcomes of multi -parametric ultr a- oncological dispensary.
soun d examination of 229 persons in preoperative preparation stage in order to assess the Cheboksary, Russi  a.
effectiv eness of using strain elastography (SEG) and shear wave elastography (SWE) on the 3 - Kazan State Medical
example of ARFI and Strain Ratio. 3 patient groups were formed: the first group (N1=93) O Academy dbranchof
patients with thyroid cancer, the second group (N2=67) o patients with with benign nodular Russian Medical
thyroid neoplasms (adenomas) and third group (N3= 67) d with benign thyroid nodules. Ti  s- Academy for Continuing
sues elasticity during SEG was displayed in color mapping. Shear w ave elastography (SWE)  Professional Education.
was used in ARFI and Strain Ratio modes; it was carried out on ultrasonic apparatuses Kazan, Russia.
Acuson S -2000 (Siemens, Germany), Ultrasonix SP (Sonix, Canada), Mindray DC -8 (Min- 4 -Vl Kulakov National
dray, Ch ina). Medical Research Center
Results. Color image of nodules and tumors and dig ital sonoelastometry (ARFI and for Obstetrics,

strain -ratio) allow us to assume the probabilistic nature of the morphological structure of Gynecology and
thyroid nodules with a high degree of probability. KEG is a test with good quality Perin atology.
(AUC=0.784, sensitivity = 78.0%, specificity = 79. 0%), but worse that the diagnostic indic a- Moscow, Russia.
tors of the intern  ational system TIRADS and domestic TLA_RU. The use of the digitization of 5 - Yaroslavi state
the image (ARFI) improves the results of diagnosis (AUC = 0,815, sensitivity = 83,8%, spec i- medical University.
ficity = 79.1%). The combined us e of the CEG and elastometry allows you to achieve better Yaroslavl, Russia.

results in the diagnosis (AUC = of 0,902, sensitivity = 91,6%, specificity = 88,2%).

Conclusion. The complex use of sonoelastography techniques is highly informative
modern technology, based on the  assessment of various options for assessing the density of
tissue of thyroid nodules and should be used primarily in suspected tumor lesion of thyroid,
as well as to clarify the size of the nodes and detect tumor invasion in the surrounding ti S-
sue from the position of disease prognosis.

Keywords: thyroid nodule, thyroid cancer, multi -parametric ultrasound examination,
compression elastography, shear wave elastography, mathematical modeling.
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Fig. 1. Ultrasound, thyroid. Nodular colloid goiter.

a - heterogeneous isoechoic nodule with clear smooth contours (arrow)in the left |

b - CEG: heterogeneous coloring, the pattern is predominantly green. The index of rigidity 2 points.
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Fig. 2. Ultrasound, thyroid. Nodular colloid goiter.

ARFI is an inhomogeneous isoechogenic node with a
clear smooth contour in the left lobe. Lateral wave v
locity 1.51 m/s.
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Fig. 3. Ultrasound, thyroid. Thyroid follicular adenoma.

a - in the right lobe there is an homogeneous hypoechoic nodul
ous staining pattern in green (arrow). The index of rigidity 2 points.
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Fig. 4. Ultrasound, thyroid. Thyroid follicular ad
noma. Elastography. (strain -ratio).
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In the left lobe there is an inhomogeneous isoechoge  n-
ic node with a clear contour. Strain Ratio -2.87 have.e.
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Fig. 5. Ultrasound. Thyroid cancer.

a - in the left lobe heterogeneous isoecho ic node with a clear outline. b - CEG intensive coloring, color pattern of
blue color. Stiffness index 4 points.
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THE USE OF CONTRASHNHANCED ULTRASOUNIN PATIENTS WITH PADLOGY
OF THE LYMPH NODES BPTHE NECK 1 - VF. Voino -

Yasenetsky Krasnoyarsk
State Med ical University.
Krasn oyarsk, Russia

Lebedeva E.V. 12, Zhestovskaya S.I.13, Evdokimova E.Y. 12, Narkevich A.N. 1,

Litvinova S.P.1, ShustJ ©. 2 - Krasnoyarsk Regional
Clinical Hospital.
urpose. To study the criteria of contrast ~ -enhanced ultrasound in patients with p @ Krasnoyarsk, Russia
thology of the lymph nodes of the neck, in comparison with the results of morph O- 3 Polyciinic No. 1 of the
logical verification. Administrative Depar -
Materials and methods. Contrast -enhanced ultrasound (CEUS) was p  erformed in 32 entofthe President of
patients with pathology of the lymph nodes (LN) of the neck, followed by morphological ver i- the Russian Federation.
fication. Moscow, Russia
Results and discussion. Quality indicators CEUS differ in the study of LN's neck
benign and malignant lesions. The quantitative criteria tur ned out to be statistically signif  i-
cant: zero time - TO, peak of intensity - PI. Quantitative criteria were statistically significant:
zero time & TO, peak intensity 8 PIl. Malignant lesion of the neck LN is most likely to be d e-

tected when exceeding the bou ndary values P1=8,6 DB (Se=77,0%, Sp=92,0%), and at lower
values T0=6,4 s (Se=81,0%, Sp=85,7%). Graphical representation of ROC curves of CEUS of
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the neck lymph nodes shows good quality of the model, the area under the curve (AUC) TO
was 0.861; PI 9 0.876.

Conclusions. CEUS with qualitative and quantitative analysis may be used in the
differential diagnosis in pathology of the LN's neck.

Keywords: ultrasound, CEUS (contrast -enhanced ultrasound), ultrasound contrast
agent, lymph node, metastases.

Corresp onding author:  Lebedeva E.V., e -mail: elena-6120@mail.ru

For citation: Lebedeva E.V., Zhestovskaya S.l. , Evd okimova E.Y., Narkevich A.N. , Litvi-
nova S. P. ,.TBetlusesftconttastGenhanced ultrasound in pati ents with pathology of
the lymph nodes of the neck . REJR 201 9; 9(3):41-48. DOI:10.21569/2222 -7415 -2019 -9-3-
41-48.

Received : 05.11.18 Accepted : 22.08.18

JRyaa3eodR doosdReaoacedRmBromdy 3 Rygwao , HYoRt adjjRyba Y 1 9 Ry 3|
368 Raedsty R®Ri a fo YaeszazaRecagadas R [ 3, 8, 13, 14] . )
9o0@g>x(des e3Rdeodo. sdi & 2RIA WoedaYVemB a3 a3 e€3ae3e6 RYIt aa
733>daea¥YRaoa t ¥YdtaoRzt yasd¥fosdaxsveaszosoa¥ doadoyasie-Yaa
€ a9 af 3daea¥YRoot shosaesaBbfgdadhays o9033dara¥YRad- 3
dReoyas3dog } bdayY. PR 33>ofyoeddaxrm®os JeEaRicoaaBaY 3 et Regaddoay!:
Ya3z>gah Lgay3Rdoyasdoa edOobaBgo ,fraddBDbMYR aada 093cadi baYRe
yoa oaR bdadqRyaszseYooesoa ca3RgdasaydagadfReoyRdeoda.
3dog JbdeY-3@pepaYoOecYaswtaes evamdd.
3aY3a>des dR3623aYRonMsa@u®)a do, by yaaosa d3oeas3oa¥ ] Bi-e3 R
sh o dqRes3)] df, 9R3 ] Yyao02a -6 33 dmwyg 8fRaoabesrzgRfzde ohs | 30dwasoas
308G6G23aYdo, 30y¥0383RGcIt &-RemaeyVymsdRegadaysoae dosdReIya:
YagoadR 4[] 1 pma 39 a63t R OYhm®tloReRYJaEs20 3 30bh)FHygReRD>B
doyoaszai Yhvra]; dRbRaoafhg Rz aRdad v dRec DYy 3
doyasz>dRt dR3e628aR eadosasvasR, yideRee a 3o RaA¥) @R s as aehh.
dt ae ae3aeadasaafha 6 3 Jheroeess3as o L 3¥daed&YRaoa e3aYorodesi i
¢coRof adam a odheey &€ dosdReoyaxdda®pas JpdiRe3RbY) daYeace O Ry 9«
€30 €3aYaoaraoaod -f/dac 3fxo L[edos ¢cHWBORa YR ddo ooy m3sdet of > d 0D S
adi 38Y)318 ®©Roaoafha wevooecaxRcxaxRPPpadbazrdad d3RaYaec ddo-aoy
yoyasdog 933daeadYRa0R5 %diaeapdadove 1l 3eRea3a3 029. O. la- t 3

yRaY (toze.aY¥dR1, 2013; ¢. GQoeRBRazasRg®®Bt33dR oR | di BsaRDY
2013) o8a 3aYeReRI e 30 heososadsa seeRugs RRsHblalal PS 1 U 22 Xmatr ifhx, L
by di ReRos0. adjgadbt ®ocoadoomsmnddR®EELI dRPaexald 600 6-1 81 bo G .
2729da39RG00 RO Yy dio&® o 233daeaYRI2383 030 ae2021081 6y ¥ .0 ddzeeseead s V |
€3029a0aatae3zt doose3a3zoavoaRtdosdRespya3dRIQt ) bda¥Y Ya002 RYheo
(4§ 0) [ 2, 117 . Zo o9Rro9o oeRzafl®aceRpO3 eRosabbadyoasc t3asafg
gRyas3>eYaosaoas eca3RDOB8I2I Jos- drefededdoocniacesd 8328 ¢ RG2a09B8R9 3a-€ ak:
da3ssReco2909 (SR) 32368 RYdt aaid-4 ,d3Ry,a 38 Ygyp¥ad@Yoc a3 RDO8IC S .
92368i0184, 6% 9 3e0GOd0 YI@O%H3>aeiYRoahg fhHhde 23 o9)3pyososah (71, ¢
(p<0,001). ad¥ms®mafRy obsasaasa@28,Y1%)s Y YobsRzsea @meoRORE
€30 509 ¥og baRyasaotg SR 2V,edb53, R38Ry &E3eRYodR 53, 9 9o[-42,
gadi aa3xkild0o %, 3eacodopd¥Beiaha tssyl 3>aeazx8RYO2dO 3 &@-abj
(p<0,001) [11]. L bsaosasoft- YdoadrosydhRaoywa s¥dsp dpop dRGc o0 .

dRg 3 SR Y c3a2p08RgpR, 4hdi dRtssyl VYheadot doasi e ReP-a9 a6
eafr 3adqRyasseYaoaoahso, 6 Rd o bdleyRydwxdYa xxsfphe.RdqRs o, 9 a J ¢
O 6Rdog 3djyRHYgoYVodi caRdBX¥oe dYRIARYyaseYuososaa ca3Rpasol- do:
9onpoa> evacoadatai dose3Racsahodayvrotia®oam® o £80L 5] 0 3 odatl g
sylL)., deocoas3dae s3e@dFmadi cda3dgdeass | azredaszed fradaa 2,@d5.
Y 3aRdi saas Y3asaao 2 eRo0G >R eadBd a8dD YaecaadRbRoaot
29da3sRaecOI eod bt 3¥Fe 3 3R 0o nyadxg®m»P®e3R3zreaaya> €3a0aeR3RaR, Y
1 ssvyl 3ea3af3x68Y) 00 } 8 >yP-0 9nae 30R33ed3asesedYsRo 0 0 9 corvedadh YR
90998923680 €3a2G6033R, W epcecraondwRygoxad) par 3aYadi aaad FoydR30
38 Ragi Rdi sasaRB0o0Yohs »svsocoexmgdR4aoFuBDgogREaet ¢ 3aVarei dRBIR:

|www.rejrru | REJR 2019; 9(3):41-:48  DOI:10.21569/222741520199-3-41-48 ulstcOda@ y O


mailto:elena-6120@mail.ru

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

TRrdoecR tAR3Rdea3 92 yR3ea68R dqRyaszxeYasafg €302baMRdg
yaszeYasaahs o bdadRyaseYasesahs ga3Rpa8o2as (n=32).
ltedL dzOC MOtOSIsjte dL d3j dzgj dedw o
[ BBSCOYJfi J dzsC Oyd mis
oM. , % oM, %
di j el tsdzls | 3 2
. ! I 33,3% 95,7%
R dzls § dzfnd o ¢ 5 i
¢ sdzls t6
Ldy 66,7% 4,3%
5 2
J HdzStotSH 07
55,6% 8, 7%
[HdzstotsH dz
) 4 21
1 4 SH A&zt
44,4% 91,3%
| Is€ dJ ! i
Y
I I 77,8% 8, 7%
stsdzlszter
) 8¢ g 2 21
L ‘ 22,2% 91,3%
8 5
dtsof OH O
g5t sMmils OoLdz] 88,9% 21,7%
®j tetsote jfiy Jldg { OL Bj o7 B 5 1 18
o -tdjxdd3 11,1% 78,3%
R3eo3Rcoa090fg €} 9decoaooshyg- mYRH3z »edwomwadfRzae s aa, boadas e 3R
3Rco6. Za> eRoaohos 9a3dodayoroyYyeodsrgaRabRddry yoeca3daoaesg3R3>6a &
906 Yht Ydaos e: ®pceR32WRORcoaxREAY,e dao ot 2 3R3e3aevadasaot [
doosdaxf 11 eRGco2088aY, 0dooldBRsaesRBRER Y | s: a9 a3 aevd A,
eRcoaagaY, yodps 2RRboacayY. Yoegosasi deae6) 3a¥Y: 3 yaga-oso

eRcoaaeaY 3Rbrvadodo oxR e2»+riws3ajeleH)ao ;1 4) 33RYsaaoa 3Rbsasa’
dRyaseYaosoahso bBRfradaYRo0t1900-3600a9gx2R yRafm3 h saoyy) 6 ir-Hai
dosdReasaoegh o yoecodzzeadbdedRyA o0do eRdosos pa [ 6, 12, 13].
38Yooahs ea3RDOBOAS9 | s, >-eRooppmdygpselFaaaha d3osgaszad (:
38RYodo dosdesh o saeR3eRbhRahg EFSUMB, 2012) 226080 %RdD
Odt tssvVyl 23cadi baYRd®- ce3000e3R3VR®BBabd (1| Op) ddVaa Y3 a:
Yi1 3(RAde, tYoszas tO, YUY e 6 Rv3300t9)t. ojeg a¥oa v a o o t Lgadeasgs3 Rz
B3R3Bafhe €3adeR3Re (j+t€Z) YVYowaddooWddaoaahtboapd®oBa3 dF¥RusTTP
Y ®vaba 2,5 od, 3 egoa3dae) 1 yae Tl dgdowazaehopmund ot e02dRO 08a
0, 9% 3R3@Ya3R gdoas3ozgoyaR-aRdIItoocpRIIFBD®EE GO, sRd3029Rdi
290 bsoasasaasaaya | S Yheodotidgoesdiooo & 3 Rzmmwogyte> € 30& R3ReR Y f
cContrast e, 3 s90gRaoy0®0 s palBladsz>as 0, 06
L 33daYRaoa bReo3z>hYRdO Y Yoerad tegRemzeasydosrdqRt af 3RfradgR =
e3ovadnpoesadi aa3g8i I aa s000®@a8B03 3coodgoeei.1 ©®3 ay3Ro99fh SPS!
3apo2sad ea3B8af3Rfa>6(0 obor3dPondéo £t oRaREOBORYyoa360ya3das
3aYRdO dRyas3>e8Yasaaha e3o0boRdquzreRdqaeoffgogdBOo®a3oay¥Y tsSsyl €
YhYaeaosot |t Z: 1) o998ca932YoRaesRHOBRgaredaartd¥oaoas ¢ deyRe:
beosa 29860303R €& @26869aY0921I bdli ymdg3a ) v Re ypbaALRYI 3 360 yluxRyo-6

|www.rejrru | REJR 2019; 9(3):41-:48  DOI:10.21569/222741520199-3-41-48 4lstcOd2gy O



RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

¢ 2 3 .Figll) ( ¢ 2 3 (Fig22)
¢23. jlgey3R99R, tssy]|, 12 (¢o3. j20ay3R99R tssy], 15 3
¢apnos ap¥aya> L d3RaR. dbaeR3eR|gapnods eYascoaoaya L dq3RaR. 03006 <
¥0ao. Af 3RbaYRa2o2a yoeas3deaesaeefgaendoazxdas dosdasa. pRdec dba
9 @aRdaeedaosaoas 1€, deooey3f|yaszrdeaes J}bda yoeca3deaose3Rzeaan

Fig. 1. Sonogram, CEUS, 12th second.

Double screen mode. Metastasis to the jugular lymph
node of the neck. The formation is hypercont
heterogeneous accumulation of contrast drug, contours
are fuzzy.

rast, has a

3h yasedoa.
Fig. 2. Sonogram, CEUS, 15th second.

Double -screen mode. The jugular lymph node in non -
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uniform, contours are clear.
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a - TO, AUC = 0.861; p<0.001;
b - PI, AUC = 0.876; p<0.001;
c - TTP, AUC = 0.546; p=0.649
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THREBEDIMENSIONAL TRANSESPHAGEAL ECHOCARDIOGRAPHY IN
THE DIASNOSIS OF MITRAL VALY DISEASE

Golukhova E.Z.,Mashina T.V.,Dzhanketova V.S.,Mrikaev D.V.

he aim of the study was to estimate the significance of intraoperative transesoph  a- AN Bakoulev Scientific
geal 3D -echocardiography (3D -TEE) in determination of possibility, expected vo I-  centerfor Cardiovascular
ume, complexity and efficacy of mitral valve (MV) surgery in patients with different Surgery

origin of the mitral regurgitation (MR).

Materials and methods . The study included 64 patients with significant mitral MR
(degenerative, arrhythmogenic and ischemic origin): 49 (77%) patients underwent MV repair
and 15 (23%) patients - MV r epl acement . The mean age wasa52,2 N 13, ¢
tients without MV pat hology were included in the control group (12 men and 8 women),
mean age was 58 N 13 years. For all patients undergoing
assessed intraoperatively using 3D  -TEE with Mitral Valve Quantification (MVQ) software b e-
fore the main stage of the surgery and compared with data in patients of the control group.

Results. comparing the data of patients with MR and patients of the control group,

Moscow, Rus sia.

we obtained the following results: myxomatous degeneration is characterized by MV v ertical

and horizontal deformation and leaflets prolapse into LA; arrhythmogenic MR is associated

with dilatation of MV; ischemic MR is characterized by loss of saddle -shaped of MV.
Conclusion. Real-time (RT) 3D -TEE with MVQ software allow to determine the specific

changes in MV geometry depending on the MR etiology, to select optimal surgical tec h-

nique, to predict complexity of surgery for each patient in the operating room and to eval u-

ate the efficiency of procedure.

Keywords: mitral valve, mitral va Ive insufficiency, mitral valve prolapse, real -time
three -dimensional transesophageal echocardiography, Mitral Valve Quantification.

Corresponding author:  Dzhanketova V .S., -nwail: cardi oveta@mail.ru.
For citation: Golukhova E.Z., Mashina T.V. , Dzhanketo va V.S., Mrikaev D.V . Three-

dimensional transesophageal echocardiography in the diagnosis of mitral valve disease
REJR 2019 ; 9(3):49-57. DOI:10.21569/2222 -7415 -2019 -9-3-49-57.
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ntroduction. three -dimensional MV models, which provides i n-
Diagnosis and treatment o ptions of mitral sight of fibrous ring shape and also allows to e S-

valve (MV) diseases is one of the mos t pres s-

ing problems in cardiology and cardiac su r-

gery. Nkomo VT et al. (2006) considers that
mitral regurgitation (MR) is the most common
valve disease after aortic stenosis [1]. Thomas
Buck et al. (2015) presents data suggesting that
hemodynamically  signi ficant MR (moderate and
severe) was detected in 2 -3% of the general pop u-
lation [2].

Hemodynamically significant regurgitation
often requires surgical correction: MV repair or
replacement. According to ESC, EACTS and
AHA/ACC (2014) guidelines MV repair sh ould be
the preferred technique when it is expected to be
durable. It should be noted that there is no clear
recommendations for the planning and evaluation
of the possible results.

In most cases, the severity of MR assessed
only according to its degree, b ut the origin and the
geometry of MV is no less important. In particular
these morphological characteristics of the valve
have a direct prognostic value in determining the
indications for surgery and the evaluation of its
effectiveness. Intraoperative real -time three d i-
mensional transesophageal echocardiography (RT
3D TEE) with Mitral Valve Quantification (MVQ)
allows to get detailed MV morphology and its su b-
valvular apparatus [5,6]. The first attempts to o b-
tain a three -dimensional image of the heart belong
to M. Matsumoto and refer to the end of the 70s
[7].

MVQ presents a method of constructing

[ www.rejr.ru | REJR 2019; 9 (3):41-48
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timate the parameters of the leaflet geometry and
chordal apparatus [ 8-13].

Our study includes the analysis of i n-
traoperative evaluation of patients with hemod y-
namically significant MR of various origin: my X-
omatous degeneration, arrhythmogenic and i S-

chemic MR operated at A.N. Bakoulev Scientific
Center for Cardiovascular  Surgery. from 2012 to
2017.

The aim of the study was to evaluate the
significance of intraoperative three  -dimensional
transesophageal echocardiography to determine
the feasibility, the expected volume, complexity
and efficiency of cardiac surgery in patien ts with
different origin of the mitral regurgitation (MR).

Methods.

Study population and design

Prospective single -center study included 64
patients with hemodynamically significant MR: 49
pts (77%) underwent MV repair and 15 pts (23%) o}

MV replacement. T he mean age was
years. Twenty subjects without MV pathology a c-
cording to TTE and TEE were included in the co n-

trol group (12 men and 8 women, the mean age

was 58 N 13 years)

Inclusion criteria was hemodynamically si g-
nificant MR requiring surgica | intervention. E x-
clusion criteria were decompensation of comorbi d-
ities contradicting the surgery, infective endoca r-

ditis, acute MR, multivalvular heart disease.
The study design was approved by the Et  h-
ics Committee of the Bakoulev center. All patients

tilstcOds) y O
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Yable t 1. Clinical and echocardiographic characteristics of patients
MV repair
: __| MV replace- Control
Degenerativel Arrhythmo- | Ischemic
. ment group
MR genic MR MR
(n=15) (n=20)
(n=22) (n=14) (n=13)
Age 56,2 14,5 58, 7N| 627°42| 60, 4N| 58113 | 0
Male, n (%) 12 (55%) 10 (71%) 8 (62%) 9 (60%) 12 (60%) 0
BMI, kg/m2 26,2 27,5 26,7 25,9 26,7 0
Hypertensionn (%) 10 (45%) 8 (57%) 8 (62%) 7 (46%) 10 (50%) | |0,
Standard TTE parameters
LA dimension, cm 4,80,2 52°0,2 4,70,2 4,90,2 3,703 0,
LV EDS/BSA (cm/m2) 2,80,3 2,60,3 2,701 26°04 2,570,3 0
LV ESS/BSA (cm/m2) 1,8°0,2 1,9°0,3 1,90,1 1,9°0,3 1,680,1 0
LV EDV/BSA (ml/m2) | 80,715,4 78,6°14,8 79,25,3 80,2 13,6 73,210,3 0
LV ESV/BSA (ml/m2) | 35,2,37,6 31,314 31,3°10,8 30,59,2 27,57,8 0,
LV EF, % 61,35 56,9 9,4 59,24,1 58,1°4,5 57,235 0,
Categorical data are presented as frequencies anad
tion.
MV i mitral valve; MR1 mitral regurgitaion; BMI i body mass index; TTE transthoracic echocardiography; LA
left atrium; LV T left ventricle; EDSi enddiastolic size; ES$ endsystolic size; BSA body surface area; EDY end:
diastolic volume; ESY endsystolic volume; EF ejection fractdn.

provided a written informed consent.

derwent MV replacement, the valve geometry was

assessed before implantation

and after procedure

Methods.

All patients underwent physical examin a-
tion, electrocardiography, Holter ECG monitoring,
transthoracic echocardiography, coronary ang i-
ography, intraoperative two - and three -

dimensional TEE. Echocardi  ographic studies were
performed intraoperative using ultrasound m
chine Philips i E 33 and
t r ans du e2e(BothRll7WA, USA).

During the intraoperative evaluation a d
tailed assessment of the affected valve morphol
gy, prolapse localization and rupture of the
chordae tendineae was assessed. The obt ained
data were processed using Mitral Valve Quantif i-
cation (MVQ) software. We evaluated the following
parameters of the MV annulus: antero -posterior
and commissural diameter, annulus circumfe r-

a_

e_
O_

ence and area, anterior and posterior leaflets a n-
gle, non -plana r leaflets angle, mitral leaflet tenting
height and volume, prolapse height and volume,
aorto -mitral annulus angle, anterolateral and
posteromedial chord length. In patients who u n-
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was compared with repair procedures group to
identify parameters affecting surgery tactics.

Statistical analysis.

Statistical analysis was carried out with
SPSS 21.0 (SPSS, Chicago, lllinois). Categorical
data were presented as frequenc ies and percen t-

P hdgési @antinubus veaidbleswwetehpreJeied as

mean N SD and for <catego
and percentages were used. A p value of <0.05
was considered statistically significant.

Results.

All patients with MR (n=64) were divided i n-
to 3 gr oups.

The first group (n=37) included 25 men and
12 women with degenerative MR (MV myxomat o-
sis). The mean age was b5e&
cond group (n=14) included 10 men and 4 women
with arrhythmogenic MR due to persistent atrial
fibrillation. Themean age was 58, 7N6
third group was presented by 13 patients with i s-

chemic MR due to stable coronary artery disease
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Yable t 2. MVQ data in patients with degenerative MR before repair surgery and in p a-
tients of control group
Parameters Pts with degener P
_ Control group
tive MR (n=37
Antero-posterior annular diametenm 40,1 N 34,2 N |0,0001
Commissual diametermm 40,7 N 33,5 N | 0,0001
Annular heightmm 9,0 N 6, 4 N 1] 0,0001
Annular perimetermm 144,3 N 115, 39 0,0001
Annular area, mm 1482 N| 967, 08 1§ 0,0001
Anterior mitral leaflet angle, degree 24, 45N 22, 25 0,392
Posterior mitral leaflet angle, degree 20,5 N 19,84 N 0,78
Non planar leaflet angle, degree 143,2 N 132,19 0,001
Prolapse height, mm 6, 4 N 1,01 N | 0,0001
Prolapse volume, ml 1,2 N 0, 07 N | 00001
Tenting height, mm 7,6 N 5,86 N| 067
Tenting volume, ml 2,6 N 1,72 N| 0102
Aortic-mitral angle, degree 120, 28 117,105 | 0,127
Anterolateral chord length, mm 26,5 N 24, 99 0,258
Posteremedial chord length, mm 270 N 3 25,2 N | 0,643
Data are presented as imétmlmegugitasicnandard devi ati on. !
(SCAD) according to the results of coronary ang i- was 7.2N1 mm, whil e mean reg
ography. The mean age was 6®%a3N32R2y&amb.

Clinical and echocardiographic characteri S- Comparing the MV characteristics patients
tics of patients presented in Table 1. with myxomatous degeneration and control group,

All patients who underwent MV replacement we obtained following significant differences in
had a myxomatous MV degeneration. According to geometry: ante ro-posterior diameter (p=0.001),
clinical and standard TTE parameters there were commissural diameter (p=0.001), annular height
no significant differences between the groups b e- (p=0.001), annular perimeter (p=0.001) and ann u-
fore surgery (p>0,05), excluding the left atrium lar area (p = 0.0001), non -planar angle prolapse
size (p=0,041). height (p = 0.0001) and volume (p = 0.0001). Ot h-

Intraoperative 2D -and 3D -echocardiography er words, myxomatous valve expos ed horizontal
was performed in all patients before the main and vertical deformation and leaflets prolapse into
stage of the surgery. All MV parameters were LA. (Figure 1, Table 2).
compared with control group to identify regular Mitral valve characteristic in patients with
variations in MV geometry in patients with diffe r- atrial fibrillation and arrhythmogenic mitral r e-
ent etio logy of MR. gurgitation before surgery and in patients of co n-

Mitral valve characteristic in patients trol group
with degenerative mitral regurgitation before The arrhyt hmogenic MR group included 14
and after surgery. patients (mean age was &8, 7N

The myxomatous MV degeneration group i n- tients had persistent atrial fibrillation (AF).
cluded 22 patients. All patients had grade 3 MR Reduced systolic function and left ventric u-
(regurgitation flow reached the LA roof) and a c- lar ejection fraction (LVEF) about 45  -54% recor d-
cording to colour Doppler mean vena contracta ed in 2.5% of patients. ~ According to colour Dop-
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Fig.1a (¢ 0.3 a)

Fig.1b (¢ 0.31+)

Fig. 1. 3D model of MV.

a - patient with degenerative mitral regurgitation before MV repair (Posterior leaflet prolapse)

b - patient without MV pathology (MV without pathology)

MV & mitral valve; MR & mitral regurgitatio
Ao 0 aortic valve

¢o3l. 3D-saeadi bt .

R-eRco0o98 3 vaoayaoasaa3RBOYoase
do)
fr-eRcoaae frab eReadog Roadby O d)

MV -9083Rdi afhe
3aeat OhRPat tdRaABoBe Rdi afe

ddRe R@3 RdiRa R+t

n; AL 0 antero -lateral; PM 0 postero -medial; A 8 anterior, P 8 posterior;

5083Rdt aae

3 0y} 3-yeoae3Rucedsta;f aAlle& RR e a8 dPrMe- d a-YeR +-
ddRe Ra.

30y} 3y¥y06RGO0E £03@e

fFab

pler the mean preoperative vena contracta was

5,2N1 mm and the mean recgur
cording to PISA (proximal isovelocity surface area)
was 25N0, 5 ml

MV geometry in patients with arrhythm o-

genic MR had no substantial differences compared
to control group and significant differences were

obtained only in following parameters: commiss u-
ral and ante ro-posterior annular diameters, ann u-
lar perimeter and area (p=0,0001) (Table 3, Figure
2).

Thus, arrhythmogenic MR due to long -term
atrial fibrillation is characterized by minimal MV
leaflets changes and annular dilation.

Mitral valve characteristic in pa  tients with

ischemic mitral regurgitation before surgery and
and in patients of control group
The ischemic MR group included 13 patients
with MR grade 3 and hemodynamically significant
ctsurgerypatients.orgcoronary  artery  disease
(CAD).
Degenerative chang es in MV were excluded
using TTE and TEE. According to color Doppler
the regurgitation jet reached the LA roof, mean
vena contracta was 7, 0Nla- 0
tion volume according to PI
All patients before surgery had preserved
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systoli ¢ function and no LV aneurysm. Compared
vgth the tontmlngroupofblloming changes were
revealed:

- annulus dilatation due to anterior -
posterior (p=0,0001) and commissural diameter
(3=0,0001) ;

- loss of MV saddle shape, which is associa
ed with a decrease of non -planar leaflet angle
(p=0.039);

- increase of tenting volume (p=0.0001) and
height (p=0.039), due to ischemia of papillary
muscles and left ventricle (Table 4, Figure 3)

Discussion.

The main issue in MV surgery remains the
choice of surgical techni que for the benefit of r e-
pair or replacement. The introduction of three -
dimensional echocardiography in our practice
provideso-cal | ed ¢ s urayitcambde. v i

Biaggi et al. used a 3D reconstruction in
mitral valve prolapse to predict surgical anato my
and the complexity of MV repair [14]. Grewal
J et al. assessed MV annulus and leaflets compa r-
ing myxomatos and other cause of MR using RT
3D TEE in operating room [12]. Jin, Salgo et al.
revealed thatanatomic iatglligenceiint3D TEE |
8ga caw previd@ & [rate5 reprolducible, and rapid
quantification of the mitral valve anatomy [19].

t-

ewe

m_
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Yable { 3. MVQ data in patients with arrhythmogenic MR before repair surgery and
and in patients of control group.
Pts with &
Parameters rhythmogenic MR P
(n=14)before su- Control group
gery
Antero-posterior annular diametenm 38,9 N 342N 1, 1| 0,0001
Commissural diametemm 40,6 N 335N 1, 5/ 0,001
Annular heightmm 7,5 N 1 6, 4 N 1 0,025
Annular perimetermm 136, 1 N 115, 39 0,0001
Annular area, mMm 1301 N 967, 08 N 0,0001
Anterior mitral leaflet anlg, degree 23,5 N 22,25 N 0,642
Posterior mitral leaflet angle, degree 20,5 N 19,84N6,3 0,724
Non planar leaflet angle, degree 126, 3 N 132,19 | 0247
Prolapse height, mm 1, 44 N 1,01 N | 0319
Prolapse volume, ml 0, 2543 N 0,07 N 0,597
Tenting height, mm 6, 6 N 5,864 N | 0,173
Tenting volume, ml 3,03 N 1,72 N | 0235
Aortic-mitral angle, degree 120, 4 N 117, 1 N| 0127
Anterolateral chord length, mm 26, 0 N 24, 99 0,258
Posteremedialchord length, mm 25,5 N 25,2 N | 0643

Data are presented

a s | migareghrgitatomm d ar d

deviati on.

MR

In our study, we also observed the most
MV deformation in degenerative group.

Chikwe J. et al demonstrated that the 3D
TEE par ameters prolapsing height, multisegment
involvement, bileaflet prolapse and anterior leaflet
surface area were strong predictors of repair co
plexity. [15]. Authors conclude that quantitative
MV assessment is simple, reproducible and reli
ble method that allows us to choose surgical ta
tics.

m_

a_
C-

Previous studies have shown that signif i-
cant ischemic MR is a predictor of poor outcome
in patients with CAD. Prifti E et al. assessed the
feasibility of MV surgery along with coronary a r-
tery bypass grafting (CABG) in patients with i s-
chemic MR grade Il -1ll and LV dysfunction. [16]. A
comparison of MV characteristics in CAD patients
with ischemic MR and the control group revealed
the loss of its physiological saddle shape due to

LV remodeling and subvalvular apparatus d e-
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struction. Increase in tenting height and volume
are specific changes in MV geometry. Ryan L. et al
demonstrated that increase of tenting height and
volume is associated with more severe valve i
pairment in CAD patients with ischemic MR
[17,18].

Currentl y, many studies are focused on the
analysis of mitral valve geometry in functional m
tral regurgitation. Cong T and al. in their study
showed that patients with significant MR had a
larger size of left atrium, a more dilated mitral
annulus, a reduced annu lar height to commiss
ral width ratio , indicating flattening of the ann
lar saddle shape, and greater leaflet surfaces
compared to patients without MV pathology [20].
In recent study Tolstikhina A. et al. following MV
geometry characteristics in patients
fibrillation were observed: annulus dilatation, c
aptation defect and nearly intact leaflets [13].

Chen et al. analyzed geometric changes in
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Fig.2a ( ¢ 22a) Fig.2b (¢ 0.32+)

Fig. 2. 3D model of MV.
R - patient with arrhythmogenic MR before MV repair (MV annulus dilatation and coaptation disturbance)
b - patient without MV pathology (MV without pathology)

MV 6 mitral valve; MR & mitral regurgitation; AL 0 antero -lateral; PM & postero -medial; A & anter ior, P 8 posterior;
Ao 0 aortic valve

¢o032 3D-saeadi i .
Rde Rcoaoeae 3 R3d0GBo9ay00o0ae Mg €a03a0e aec03RGcGo2a06 aR i
roeRcoaae fab eReadayd0 ot

MV -9083Rdi ahe ddRsR@3 RdiRa Rt 3 ay ) 3-yeoassRuceosta;r aA|laFRR e o dPrMe-d o-Yem +
3oeot OhRePt t+ ORABGRdIi affs ddReRa.

Fig.3a ( ¢ 23a) Fig.3b (¢ 20.33+)

Fig. 3. 3D model of MV.
a - patient with ischemic MR before MV repair (Valve is dilated and flattened)
b - patient without MV pathology (MV without pathology)

MV & mitral valve ; MR & mitral regurgitation; AL 8 antero -lateral; PM 0 postero -medial; A 6 anterior, P 8 posterior;
Ao ¢ aortic valve

¢0233 3D-saeadi b .
Roe Rcoaee 3 o0r0s0ya0a3daes do3osae ¢ €a3ae a2e03RGo2a06 8RR i
roeRcoaae fab eReadayd20 ot

MV -90@83Rdi afe ddReRe®@3 RdiRa Rt 3 ay ) 3-yeoassRucedsta;r aAlle & RR e o dPrMe- d a-YeR +-
3aeat WhRPoattdgRaoe Rdi afhe dqdRe Ra.

|www.rejrru | REJR 2019; 9 (3):4957  DOI:10.21569/222274152019-9-3-49-57 4lstcOdEF YO



RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

Table t 4. MVQ data in patient s with ischemic MR before repair surgery and and in p a-
tients of control group.
Parameters Pts with ischemia t
MR (n=13 be- Control group
fore surgery
Antero-posterior annular diametenm 41,2 N 342N 1, 71 0,0001
Commissural diametemm 39,7 N 2, 335N 1, § 0,0001
Annular heightmm 6,92 N 6,4 N 0,641
Annular perimetermm 151,2 I 115, 39 0,00
Annular area, mm 1476, 8 967, 08 0,0001
Anterior mitral leaflet angle, degree 42,8 N 22,25 1 0,003
Poserior mitral leaflet angle, degree 25,4 N 19,84N6,3 0,04
Non-planar leaflet angle, degree 119,6 I} 132,189 0,03
Prolapse height, mm 1,02 N 1,01 N | 0408
Prolapse volume, ml 0,075 N 0,07 N| 1,000
Tenting height, mm 11 9N 1, 5,864 N| 0,09
Tenting volume, ml 7,7 N 1, 72 N| 0,0001
Aortic-mitral angle, degree 114,8 I 117,21 K& 0,188
Anterolateral chord length, mm 21,3 N| 24, 99 0,251
Posteremedial chord length, mm 22,4 N 25,2 N 0,06
Data are presented as mean Rmitraregrgitatdtn devi ati on. M
mitral annular and/or leaflets spatial confo r- ized by MV vertical and horizontal deformation
mation in patients with atrial fibrillation compl i- and leaflets prolapse into LA.
cated with severe mitral regurgitation usin g real- - arrhythmogenic MR is associated with d i-

time 3 -dimensional transesophageal echocardio  g-
raphy [21].

Conclusion.

Intraoperative RT 3D -TEE with MVQ tec h-
nigue allows to determine the characteristic of
MV geometry in each patient group according to
MR origin.

- myxomatous degeneration is characte r-
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Results. Overage value of TAG-flor5 aN I18.ax tHU i/esli ovamm. TAG
ues were lower than reference index ( -15 HU / 10 mm) in 7 of 12 patients (58.3%), and in
analysis by arteries - in 11 of 31 arteries (35.5%). Average value of TAG for LAD, RCA and
LCXwas -15.6 N 7.2 HU /-2900ared HU 7 10mm), 5.0 N 5.0 HU / 10mm

(from 26.1 to 6 HU / 10mm) and -14.4 N 5.0 HU /-2214Qom+.6 AU /rlomm),
respectively.

Reference TAG value - less than -15 HU / 10mm cannot be used to distinguish f unc-
tionally significant from insignificant stenoses. Possibilities of TAG for detecting hemod y-
namic si gnificant stenoses are limited.

Conclusion.  Values of TAG in healthy individuals are extremely different (from -29.0
to +6.4 HU / 10mm) and in 35.5% of cases below the proposed reference value (< -15 HU /

10mm). Low values of TAG (< -15 HU / 10mm) are more often detected in LAD and LCX,
than in RCA. TAG values may be affected by certain parameters, that require adding more
data to th e calculated mathematica | model .

Keywords: transluminal attenuation gradient, coronary artery, functional signif i-
cance of stenosis, computed tomography
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RADIONUCLIDE ASSESSENT OF CARDIOPROTEGVE EFFICIENCY OF
HYPOXIC PRECONDITIONNG

Vesnina Zh.V.1, Krivonogov N.G.1, Arsenjeva Yu.A.l
Nesterov E. A.2, Lishmanov Yu. B1

urpose . Using radiocardiopulmonography to evaluate the cardioprotective effectiv e-
ness of hypoxic preconditioning (HP) during myocardial revascularization under e X-
tr acorporeal circulation (EC).
Material and methods. A t ot al of 63 patients (mean
underwent coronary bypass surgery (CABG) under EC condition were examined. All patients
had chronic heart failure of NYHA class | -1ll. Patients were randomized into 2 groups: study
group co mprised 33 patients who received HP during CABG; comparison group comprised
30 patients. Patients of both groups were comparable in regard to clinical and intraoperative
data. The preconditioning was performed as a single -cycle 10 -minute hypoxemia session
followed by 5 -min period of reoxygenation before global ischemia. Radiocardiopulmonogr a-
phy wit h-pé&tecmktate was performed before and 6 -8 days after surgery with the
calculation of the parameters of cardiopulmonary hemodynamics.

Results. In the examined patients before CABG we observed a decrease in the mean
values of the cardiac outp ut (MO), cardiac index (HI), stroke index (SlI) and circulation eff i-
ciency ratio (CER) as a consequence of a decrease in the pumping function of the heart, as
well as an increase in the pulmonary circulation time (TPUL) due to both arterial and v e-
nous co mponents, which indicated the development of pulmonary hypertension and venous
congestion of the left heart.

In the postoperative period, positive statistically significant change in most param e-
ters of cardiopulmonary hemodynamics occurred as a result of succ essful myocardial reva s-
cular ization in patients of both groups: the values of MO, SI, CER increased, and half -
emptying period of the left and right ventricles and the value of TPUL decreased. It should
be noted that the positive dynamics of these parameter s was statistically more pronounced
in the p atients of the study group. Also, in contrast to the comparison group, the arterial
component of circulation in the lungs and the half -emptying period of the right ventricle
significantly decreased in patients wi th HP, which indicated a reduction in pulmonary h y-
pertension and a regression of right ventricular failure.

On day 2 after surgery blood levels of creatine -kinase (CK) and CK -MB were i n-
creased in patients of both groups. The mean level of CK -MB was signifi cantly higher (by
33%) in the comparison group relative to the study group (p = 0.046825), and the relative
index (Rl = CK -MB/CK x 100) in the study group did not exceed 6%. This data suggested
that HP i ncreased the tolerance of the heart to the effects o f "ischemia -reperfusion".

Conclusion . Hypoxic preconditioning exerted cardioprotective activity in patients u n-
dergoing open -heart surgery under EC.

Keywords: coronary artery bypass grafting, hypoxic preconditioning, cardioprotective
effectiveness, radioca rdiopulmonography
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ntroduction.

One of the most effective methods of trea  t-

ment of coronary heart disease is cor onary

bypass surgery (CABG) with the use of e  x-

stracorporeal circulation (EC). Unfortunat e-
ly, in some cases, EC becomes the cause of a d-
verse physiological disorders, leading to isch emia
or i nfarct of the internal organs [1,2  ].

The high intensity of metabolism in the
brain, and the heart and, accordingly, the high
demand of these organs for oxygen is well known
[3]. These features determine the sensitivity of
these organs to ischemia -reperfusion (IR) injury.
Neurons die when t he duration of ischemia is
more than 2 min [4]; irreversible injury of cardi o-
myocytes occurs when the duration of IR exceeds
10 min [5]. Such sensitivity to hypoxia predete r-
mines the onset of damage to the heart and the
brain during surgical interventions with EC [6, 7].

Thus, the problem of providing cardioprote C-
tion during open heart surgery under EC cond i-
tions remains relevant. In our opinion, hypoxic
preconditioning is promising for protection of the
myocardium from the adverse effects of systemic
infla mmatory response and ischemia in cardiac
surgery.

Hypoxic preconditioning (HP) means an i n-
crease in the tolerance of organs and tissues after
severe long-term hypoxia (ischemia) by means
pr eliminary modeling of one long (2.5 -3 h) or se v-
eral short sessions of hypoxia (2 -10 min) and r e-
oxygenation (2 -10 min). The term "hypoxic pr e-
conditioning” was first proposed in 1992 by r e-
searchers from the group of Professor H.F.Downey
from Texas [9]. Cardioprotective effect of HP has
been studied widely. The pioneering w  orks focu s-
ing on this problem showed that preconditioning
promotes an increase of tolerance of the heart to

ischemia and reperfusion [9, 10]. The cardiopr o-
tective effect of HP is judged by the ratio between
infarct size and the area at risk [11, 12]. The a rea

at risk corresponds to a hypoperfusion zone in the

area supplied by the occluded coronary artery. It

was established that after the HP 3 times decrea S-
es the index of "area of infarction/area of risk"
compared with control [9]. Hypoxic preconditio n-
ing i n vivo not only helps to limit the infarct zone,

but also prevents the appearance of reperfusion
contractile myocardial dysfunction [10, 12, 13].

Delayed HP, in which an increase in the r e-
sistance of organs and tissues to hypoxia is o b-
served 16 -24 hours af ter hypoxia -reoxygenation is
most studied [11 -13].

Early HP, when it is possible to achieve an
increase in tolerance to ischemia immediately a f-
ter exposure to hypoxia and reoxygenation is less
investigated [9, 10, 14]. Both early and delayed
variants of HP are associated with infarct  -limiting
effect. At the same time, a more pronounced i n-
crease in heart tolerance to the action of IR can be
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achieved with early HP [15].

It should be noted that the above mentioned
works were performed on experimental animals.
Potencial capabilities of clinical application of HP
remain virtually unexplored. Only a few studies
concerning the use of preconditioning in clinical
practice are available to date [16, 17]. Moreover,
clinical studies assessing the cardioprotective e f-
fectiveness of preconditioning did not use highly
informative methods of nuclear medicine. In pa r-
ticular, radionuclide cardiopulmonography, which
is based on dynamic registration of the passage of
the radiopharmaceutical bolus through the cav i-
ties of the heart and the lungs, allowing to acquire

objective information about these central hem o-
dynamic parameters such as stroke and minute
volumes, and cardiac and stroke indices [18]. O b-

taining these values may allow integrated asses S-
ment of the central hemodynamic p arameters. In
addition, radiocardiopulmonography is a unique
method of non -invasive evaluation of pulmonary
circulation (PC), allowing to estimate a number of
speed indicators of blood circulation in the lungs

[19].

Thus, the purpose of this investigation was
to perform the radionuclide assessment of cardi o-
protective efficacy of HP during open heart surgery
with extracorporeal blood circulation.

Material and methods

The study included 63 patients with cor o-
nary artery disease of angina functional classes
2-4 complicated by chronic heart failure (CHF) of
NYHA classes | -I | | (average age
years) who underwent CABG with EC. Of these
patients, 56 suffered one or more acute myocard i-
al infarction with the formation of post -infarction
cardiosclerosis . All patients were divided into 2
groups: 33 persons underwent HP during CABG
(study group), comparison group comprised 30
patients. Patients of both groups were comparable
in regard to age, clinical characteristics and i n-
traoperative parameters (Table 1)

Hypoxic preconditioning was performed as
follows: after the beginning of EC and the cess a-
tion of artificial lung ventilation before aorta
cross-clamping, a 10 -minute hypoxemia cycle is
performed by supplying a gaseous mix to the ox y-
genator with a reduced oxygen content to 21 -22%,
followed by a 5 -minute p eriod of reoxygenation
before global ischemia. This gaseous mix provides
reduction of -35®RKBRg andSaG20to
55-65%. According to cerebral oximetry (Oximeter
INVOS Somanetics), rSO2 decreased to 52 -59%.
These parameters could not be reduced below the
critical levels: the saturation of arterial blood of
50%, and the corresponding oxygen tension of 27
mm Hg in arterial blood.

Patients of both groups underwent a radi o-
cardiopulmonography  (RCPG) with 99mTc -
pertechnetate. The method is based on a seque n

glstcOdsd yO
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Fable t 1. Clinical and intraoperative data of patients enrolled in the study .
Variables Study group Comparison group
n =33, abs % n = 30,abs %
Age, years 5624 N 1 5816 & 1
CHF (NYHA): | 3 9.1 2 6.7
1l 23 69.7 22 73.3
1 7 21.2 6 20.0
AMI in anamnesis 29 88 27 90
CA with steno 3.05 N 0.21 3.05 N 0.28
Cardiopulmonary bypass time* (mir| 132.11 N 11 140.11 N 10.71
Crossclamp time* (min) 84. 460 N 9 95. 26 N 8.21
LV plasty 7 21.2 9 30.0
Grafts per p 2.90 N 0.23 2.74 N 0.26
IABP use 1 3.0 1 33
LITA graft 31 94 28 93
RITA graft 2 6.0 2 6.7
Study group: patients with hypoxic preconditioning (HP); Comparison group: patients WitRo@HF: chronic hea
failure; AMI: acute myocardial infarction; CA: coronary arteries; LV: left ventricle; IABP: iatgic balloon pump; LITA:
l eft internal thoracic artery; RI TA: r i g h tstatisticallyesignifieaht.
tial registration of bolus passage of the radi o- ters were calculated: cardiac minute output (MO);
pharmaceutical (RP) through the compartments of stroke vo lume (SV); blood volume in the PC
the heart and lungs after its injection into the m e- (BVPC); heart and stroke indices (HI, Sl); circul a-

dian cubital vein.

Radiocardiopulmonography was conducted
in clinostatic pos ition of a patient. The gamma -
camera detector was installed above the chest in
the |l eft anterior oblique
a caudal angle of 15A, in
visual "separation” of the right and left ventricles
of the heart. The rad iopharmaceutical was admi  n-
istered intravenously at a dose of 260 -300 MBKk
(7.0-8.0 mCi) and a volume of 1 -1.5 mL. Recor d-
ing was continued for 80 -100 seconds with frame
frequency of 2 frames per second and 2 frames of
1 min to reach the plateau of RP dilutio n.

The result of the RCPG consists in a series
of scintigrams with visualization of the aorta,
heart and lungs at different time intervals. With
the help of applied programs for processing scint i-
graphic images, the following areas of interest
were identif ied: the right and left ventricles of the
heart, and the upper lobe of the lung. Activity -
time curves were plotted for each of the selected
zones of interest.

The following basic hemodynamic param e-
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tion efficiency ratio (CER); arterial modal time
(TAM), which characterizes mainly blood flow in

the large and small arteries, arterioles and capi I-
laries of the lungs; veno us modal time (TVM), r e-
pflectirjg ¢he tirculation of hloAddn tHeS/dins of e t h
tP@ end phe deit théad wcavites; pulntoreary birees t
(TPUL) 6 the sum of TAM and TVM 0 reflects the
time of passage of the maximum amount of ind i-
cator through the lungs; ventricular hal f ejection
times of the right ventricle (T1/2RV) and the left
ventricle (T1/2LV), as indirect criteria of the co n-
tractile ability.

All  scintigraphic studies were performed
with gamma -camera Philips Forte (Philips Medical
Systems, Netherlands). Processing  of the acquired
scintigrams was
Workspace Release 3.0 software package (Philips
Medical Systems).

Statistical analysis was performed with
STATISTICA software (version 8.0.360.0.) using
descriptive statistics (Descriptive statisti cs), non-
parametric Wilcoxon rank -sum test and Mann -
Whitney test (U test).
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Table t 2.

Scintigraphic parameters of cardio
with coronary artery disease before and after coronary artery bypass grafting.

-pulmonary hemodynamics in patients

Parameters Study group Comparison group
Before CABG 6-8 days after Before CABG 6-8 days after
CABG CABG
UpuL (Sec) 9. 8@®51N 7.98 N 9.19 N 7.43 N
o= 0.001 te= 0.004
Uy (Sec) 4. 5®@24N 4.19 N 4.26 N 3.67 N
to= 0.035 te= 0.062
Uy (sec) 5. 2030N 3.80 N 4.92 N 3.76 N
o= 0.001 tg= 0.003
U1/orv (SEC) 3. 2@53N 2.38 N 2.72 N 2.38 N
tc= 0.016 te= 0.328
ULy (S€C) 5. 8®48N 4.58 N 5.29 N 4.80 N
ts= 0.009 tg= 0.033
MO (L) 4 . 2@27N 4.97 N 4. 48 N 5.08 N
ts= 0.002 te= 0.016
SV (mL) 65.28 1 68.21 N 67.73 N 67.18 N
to= 0.114 te= 0.610
HI (L/m?) 2. 1®13N 2.59 N 2.18 N 2.45 N
ts= 0.001 to= 0.008
Sl (mL/m®) 33.808 1 35.53 N 32.96 N 32.74 N
ts= 0.099 te= 0.721
CER (L/min) 0. 8&0O6N 1.010N 0.d O0.82 N 0.99 N
ts= 0.002 te= 0.016
BVpc (ml) 702.108| 664. 64 666. 18 662. 95 |
to= 0.056 te= 0.859

Study group: patients with hypoxic preconditioning (HP); Comparison group: patients without HP; CABG: core
tery bypass -graétialg; mogvien otuismemo dsavfp:t li men a sy UtLi: me (
TVM) ; [ [: out put 5z HSMedz 2t rdodkHej Svip; | uTnie/ ;
ventricular half egction; BVPC:-b | oo d t he

cardiac minute

vol ume in pul monary ci r csigiifig

cance of differences in relation to the preoperative value.

-

Results .

Before CABG the results of the initial RCPG
of the included in the study pa  tients showed si g-
nificant negative changes in the main parameters
reflecting the functional state of cardiopulmonary
hemodynamics (Table 2).

Thus, a decrease in cardiac minute volume
below normal values was detected in 49 (78%) of
63 patients, cardiac inde x - in 59 (94%), stroke
index - in 52 (82.5%) patients and circulation eff i-
ciency ratio - in 84% cases (53 patients). The state
of contractility of both the left and right ventricles
of the heart can be indirectly assessed by the va |
ues of the period ventr icular half ejection (T1/2RV
and T1/2LV), which in patients with CHF were

markedly increased compared with the norm (T a-
ble 2). At the same time, T1/2LV exceeded the
normal value in all examined cardiac patients
(100%), and T1/2RV - in more than half of the  pa-

tients (67%).
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Table 2. Scintigraphic parameters of cardio -
pulmonary hemodynamics in patients with cor o-
nary artery disease before and after coronary a r-
tery bypass grafting.

Pulmonary hemodynamics in the examined
patients was characterized by slowing the passage
of the radiopharmaceutical from the right heart

chambers to the left ones, mostly due to an i n-
crease in the minimum blood circulation time in

the lungs (TPUL) and, in particular, in the arteries
(TAM) (Table 2). So, prolongation of TAM was o b-
served in the vast majority of patients (96%); 71%

of patients had an increase in TVM.

Successful myocardial revascularization in
patients of both groups led to positive changes in
most cardiopulmonary hemodynamics indices (i n-
creases in the mean values of MO, SI , and CER,;
decrease in RP pulmonary circulation; and i n-

crease in the left ventricular half ejection time)
within 6 -8 days after surgery (Table 2).
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Initially, before surgery, the mean values of

the left ventricle ejection fraction (LVEF) (accor d-
ing to ultra sound) did not significantly differ b e-
tween the study group (with preconditioning) and
the comparison group (46.
2.49 %, respectively). After CABG, there were st a-
tistically significant increases of this variable in
both groupsto 5452 N 2. 19 and 48.
respectively.

It should be noted that, in the study group,
the positive dynamics of the majority of hemod y-

namic parameters (Table 2), as well as an increase

in LVFF due to surgical treatment were statistica

ly more pronounced: th e significance levels (p)
were 0.000013 and 0.013906 for the study group
and the comparison group, respectively. The rate

of patients requiring inotropic support during i m-
mediate post -perfusion and early postoperative
periods was lower (by 65%) in the grou p of pa-
tients who underwent HP.

In our study, the determination of the levels
of creatine kinase enzymes (CK) and CK -MB 0 iso-

enzyme showed that on the day 2 after open heart
surgery using EC and cardioplegia, patients of
both groups had an increase in thes e enzymes in
the blood (Table 3). Thus, there were higher than
normal levels of CK (as a result of damage to ske
etal muscle cells during surgery), as well as CK
MB, which serves as a marker of damage to the
heart muscle. It should be noted that the averag
level of CK -MB was significantly higher (by 33%)

e

In our study, after surgery, the group of p a-
tients who underwent HP, in contrast to the co m-
parison group, had a significa nt decrease in the

right ventricular half -ejection period (T1/2RV) &
0 4an iNdic&oar ihdrectly mhhractezingl tBe cdwtra c-
tility, as well as a decrease arterial time of the i n-
dicator circulation in the lungs (TAM), which su g-
7 estihg a redluctidn of pulmonary hy pertension
and regression of right ventricular failure [19].
In 2008, German physiologists [20] found
that 24 -hour exposure of rats to hypoxia results
in an increase in tolerance of the isolated heart to
the action of ischemia -reperfusion, and is assoc i-
ated with improved parameters of contractility of
the right ventricle.
The nature of cardiac recovery and the d e-
gree of inotropic support are among the main i n-
dicators of adequate myocardial protection after
global ischemia [21]. Based on the results of h e-

mod ynamic assessment, it can be argued that HP
prevents necrosis of cardiomyocytes and improves
cardiac contractile function during the reperfusion
period of long -term ischemia and reperfusion [15].

Determination of the activity of creatine k
nase MB -isoenzym e is of great importance in the
diagnosis of myocardial infarction. The average
level of increased activity of CK -MB in patients
with AMI is 10 -25 times greater than the upper
limit of the reference values.

However, researchers note that CK -MB is
not 100% specific to the myocardium, and the d i-

in the comparison group relative to the study agnostic value of the method is drastically r e-
group (p = 0.046825) (Table 3). duced in cases where CK is derived from the ske -
Table { 3. Indicators of enzymatic activity in patients with coronary artery disease
after coronary artery bypass surgery
Parameters Study group Comparison group Norm
CK (U/L) 1062.21 N 1223.52 <167
CK-MB (U/L) 53.78 N 80.72 N <25
RI, % 5.46 N O 7.39 N <6
Study group: patients with hypoxic preconditioning (HP); Comparison group: patients without
HP; CK: creatine kinase; CK -MB: CK isoenzyme; RI: relative index 0 calculated as the ratio of CK  -MB to
CK (in percentage).
Discussion etal muscle. Therefore, the determination of CK -
The abnormalities in the majority of hem o- MB in cardiac surgery patients may increase the
dynamic parameters of the circulatory system number of false -positive res ults [22].
(MO, HI, S | and CER) suggested a decrease in the In this regard, for an adequate assessment
contractile ability of the heart due to the develo p- of damage to the myocardium, calculation of the
ment of CHF [19]. The prolongation of TAM i m- ratio of CK -MB concentration to a total creatine
plied the formation of pulmonary hypertension in kinase activity (relative index (RI)) was intr o-
combination with right ventricular failure, and an duced: RI = CK -MB / CKtot. x 100 (%), which
increase in TVM sugges ted the venous overload of normally sho uld not exceed 6%. In case of my o-
the left heart and adjacent large pulmonary veins, cardial damage, Rl ranges from 6 to 25%. As can
as a manifestation of the left ventricular failure be seen from Table 3, the average value of Rl in
[18]. the study group (with preconditioning) did not e X-
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ceed 6% in contrast to the comparison group. This
suggests that HP increases the tolerance of the
myocardium to the damaging effects of "ischemia -
reperfusion”, increases the resistance of vital o r-
gans to ischemic and reperfusion stress, and,
consequently, reduces the number and severity of
postoperative complications [8, 15].

Our r esults, indicating the cardioprotective
effect of HP in patients who underwent CABG with
EC, are consistent with the data of other r e-
searchers [8, 16, 17]. Indeed, the group of Wu et
al. [16, 17] showed that ischemic preconditioning
(IP) with two 2 -min epi sodes of global ischemia
followed by 3 -minute reperfusion has a significant
protective effect, which manifests, in particular, as
a lower concentration of troponin | in the posto p-
erative period and high values of the left and right
ventricular ejection fra ction and cardiac index.
Also, decreases in the frequency of supraventric u-
lar tachyarrhythmia, mechanical ventilation time,
and the degree of inotropic support were observed
in patients with IP. Prut D.A. et al. [23] used la c-
tate level in blood plasma as a n indirect indicator
of myocardial hypoxia and anaerobic glycolysis.
The blood lactate level reached the maximum va I-
ues 1 h after removal of the aortic clamp in both
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groups of patients, however, in the group with the

use of HP, the concentration of lactate in the
blood was lower than in the patients of the co m-
parison group. Consequently, HP reduces the i n-

tensity of anaerobic glycolysis in the myocardium,
which can also be regarded as a positive effect of
preconditioning.

Thus, the use of hypoxic preconditio ning
during coronary bypass surgery with extracorp o-
real blood circulation can reduce damage to card i-
omyocytes and improve the contractile function of
the heart in the reperfusion period after pro longed
ischemia and reperfusion
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BEST STRATEGY OF CORARY ARTERIES REVARBVLARIZATION WITH THSYNTAX
SCALE AND CAD-RADS ON THE DATA OR40-SLICE CFCORONAROGRAPHY

Serova N.S., Kondrashina O.S., Kondrashin S.A., Koblikov V.V. LM. Sechenov First
Moscow State Medical
urpose. Determine the possibilities of using the SYNTAX scale based on the d ata of University (Sechenov
640 -slice CT -coronarography and CAD -RADS rating system for coronary artery r - Uversy) .
vascularization. Moscow, Ru ssia.
Materials and methods. The study included 14 people (12 men, 2 women) from 44
to 79 years (M=60.5N8.7 yr), who have coronar-y artery st
coronarography and positive stress testing. All patients performed MSCT -coronarography on
the Aquilion ONE -640 w ith intravenous contrast (lopromide 370 mg/ml or logexol 350
mg/ml) according to the standard protocol. In addition, the results of determining the met h-
od of myocardial revascularization based on the Syntax scale from the data of 640 -slice CT -
coronarograph y and invasive coronarography (during stenting) were studied.
Results. In 14 cases, coronary artery changes in MSCT -coronarography were in the

categories CAD -RADS 4A, B and CAD -RADS 5. According to MSCT -coronarography, 14 p a-

tients had stenotic lesions of 1 8 arteries, in coronarography in one patient stenosis was

50%. A total of 13 patients were implanted with 21 stents. Nine stents (42.9%) were placed

in the right coronary artery, 12 (57.1%) in the left descending and circumflex arteries. On

the Syntax scal e, the severity of coronary arteries stenosis was assessed based on MSCT -

coronarography and invasive coronarography data to select treatment tactics. According to

the tomography, the score of the | esion rangeid from 2.0

tonal coronarography, it was between 0 and 16.5 (M=5.2NK3.
Conclusion. The 640 -slice CT -coronarography is a reliable alternative to invasive

coronarography and can be a method of selecting treatment tactics based on the Syntax

scale and CAD -RADS system.

Keywords: 640 -slice CT -coronary, coronary artery disease, Syntax scale, CAD -RADS,
invasive coronarography, stenting.
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Fig. 1. MSCT-coronarography and invasive coronarography of right coronary artery.

Pt. C., 60 yr. after 13 months implantation of stent in the right coronary artery. A - MSCT-coronarogram - is clear-
ly visible previously installed stent 4.7x18 mm (black arrows), distal at a distance of 10 -11 mm determined sten o-
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the stenosis zone (arrows). The artery is completely restored.
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Fig. 2. MSTG coronarography and invasive coronarography of abnormal right coronary artery .

Pt. K., 79yr. A - MSCT-coronagram: defined tandem stenosis76%6 (arrows) of medium and distségments of the righ
coronary arterys - therigth coronary artery coromagram confirms the data of MSTébronangraphy(arrows). B- a can-
trol angiogram after implanting two stents 3.0x24 mm (posttiaito 3.19 mm) into the area of stenosis (ashvirhe &
terycompletelyhas been restoret.f r ¢ - left descendingrtery,d [ s acute marginarter.
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THE CONSTITUTION SYEM OF DIAGNOSTIC CHARACTERS USING
OUTCOME ANALYSIS OF BOUNDARY CIROLAR SHAPED MASSES IN LUBS

Molodkin I.V. 14, Yakunin A.G. 6, Shayduk A.M. 3, Konovalov V.K. 23,
Ostanin S.A.45, Leonov S.L.6, Borisenko O.V. 13

urpose . The article investigates the possibility of using the information about the

im ages contour characteristics of pathological spherical formations in lungs for di f-

ferential illness diagnosis.

Materials and methods. The two -dimensional array of densitometric parameters
obtained during the processing of tomographic medical images of pat ients with verified d i-
agnoses of lung diseases (cancer and tuberculosis, 49 and 26 patients respectively) was
analyzed. The technique of constructing the contours of images of such formations is deve I-
oped. To introduce quantitative characteristics of the ¢ ontour, the conditional center of
mass of the pathology image is calculated and two one -dimensional signature functions are
constructed: of the radius  -vector module drawn from the center of the image of the spherical
formation to its boundary, as well as t he polar angle of rotation of the radius -vector. The a r-
gument of both functions is the conditional number of the pixel belonging to the path. With
the help of spectral analysis of the signature function, such characteristics of contours as
spectral entropy , multiplicity, number of local maximums, signature functions of the polar
angle of rotation of the radius vector are proposed and calculated in the paper. The statist i-
cal significance of differences in values of these characteristics of contours of spheri cal for-
mations in different diseases (cancer and tuberculosis) was analyzed.

Results. There were statistical differences in the characteristics of the contour for

different pathologies proposed in the work, which can allow to perform differential diagnosi S

of the investigated lung diseases.
Conclusion. The obtained quantitative characteristics of the spherical formations in

lungs can enter the system of assistance to the doctor in diagnosis. It should be reme m-
bered that there is no single diagnostic featur e based on the quantitative characteristic of
the image, which would immediately determine the type of pathology. Only a set of such fe a-
tures will allow to carry out high -quality diagnostics.

Keywords: computer tomography, medical images, contour characte ristics, differential

diagnosis, cancer, tuberculosis.
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ntroduction

Medical images of lung diseases are usually
diagnosed with qualitative descri  ption, often
ambiguous. The radiologis t, considering

such images, analyzes their fe atures relying
on their diagnostic experience, which is supported
by objective quantitative characteristics of the i m-
age only to a small extent [L  &6].

The main quantitative characteristic o b-
tained by the diagno stician during computer t  o-
mography is Hounsfield numbers belonging to ce r-
tain voxels. Image processing programs report the
diagnostician of the densitometric values for the
selected area of interest and their statistical cha r-
acteristics (usually, the mean value and the
standard deviation). As a rule, the last two cha r-
acteristics are not enough to diagnose correctly. In
most cases, it is impossible to make the correct
diagnosis based on just one statistical characte r-
istic of the Hounsfield numbers totality f or the
medical image, and it is required to increase the
number of objective characteristics that will allow
differential diagnosis of diseases [7  611].

In addition to assessing the densitometric
characteristics of the main area of interest, the
radiologist pays great attention to the contour of
the image of the spherical formation in the lung
(SFL). Externally, diagnosticians divide them into
"smooth”, "scalloped”, "bosselated”, etc. [12
From this we can conclude that the radiologist
perceive the chara cteristic look of the contour of
the SFL as a diagnostic parameter, but assesses
subjectively. Quantitative characteristics of the
contour should be presented and the dependence
of these contour characteristics on the type of di S-
ease should be assessed. O nly in this case, it will
be possible to use this characteristic in differential
diagnostics using automated systems of assi S-
tance to the doctor.

The paper calculates and uses quantitative
characteristics of the image contours of the area
of interest for p atients with verified diagnoses and
performs a statistical analysis of the dependence
of these characteristics on the type of disease.
This can make it possible to use the obtained
characteristics for automated differentiation of the
type of pathology int he lung with a more reliable
diagnosis.

Materials and methods.

For the study, a database of patients with
verified diagnoses was created: lung cancer and
tuberculosis. The specialists of the RSHI "Dia -

317].

nostic Center of Altai Krai" confirmed the diagn o-
sis of patients undergoing examination on CT

scanners. Confirmation of the lung cancer diagn o-
sis was carried out by the histologist, and to co n-

firm the tuberculosis diagnosis, culture sputum
from the lungs was carried out.

Patients were scanned on a computer to
graph Asteion 4 (Toshiba Medical Systems). The

mo-
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scanning pitch was 2.0 mm, the voltage and cu r-
rent on the tube amounted to 80 kV and 160 mA
respectively, the convolution kernel was FCO1.
Matrix was of 512512 el
cm. Reconstruction of s ections with thickness of 2
mm, pi xel size of 0.4)])0.
Visual analysis of images was carried out on the
professional monitor PA301W (Japan), screen d i-
agonal was 29. 8 i nches,
pixels.

Visualization of medical images wa s carried
out using the Merg eFil
with the help of this program, the radiologist an a-
lyzed the medical image: found the focus of p a-
thology, estimated the scale and the necessary
volume in which the mentioned focus is enclosed.
Then, t he patient's data were processed in the
Rentgenolog+ program [18] which converted the
data of the area of interest from the DICOM fo r-
mat to a text file containing a rectangular matrix
of Hounsfield numbers (densitometric densities in
each voxel of the stud ied section). The area ofi n-
terest (now it is a rectangular matrix of numbers)
is considered by a doctor and physicist to select
the optimal boundaries of the program workspace,
as it is necessary that the entire contour was i n-
cluded in the selected area and, if possible,
though not always achievable, did not touch the
boundaries of that area. The area of interest was
usually chosen so that on each section (i.e. in
each rectangular matrix of numbers) there was
one focus of disease.

A set of sections of the tomographic image
containing the entire volume of SFL of the patient
under study was obtained for each patient. A S-
suming that these sections contain information
about the patient's disease, each section will co n-
tain this information separately. Thus, the data-
base consisted of 982 sections for cancer (taken
from 49 patients) and 493 for tuberculosis (taken
from 26 patients).

A rectangular matrix of Hounsfield numbers
for each section was used to construct the contour
of spherical formations in lungs (SFL). A visual
evaluation of the contour was performed on the
reconstructed image, and the value of the dens i-
tometric indicator corresponding to the voxel of
the studied contour was chosen according to the
doctor (Z0). After that, all voxels which densit o-
metric values are more than Z0 were assigned the
value of 1, and those voxels which value is less
than Z0 were assigned the value of 0. The problem
of automating the selection of the Z0 contour
boundary has not been satisfactorily solved yet. It
is easy to creat e a program for automatic selection
of the pathology contour boundary, but we believe
that for now, the doctor makes it more reliable.
Thus, according to the threshold value of Z0, the
separation of SFL from other tissues by densit o-
metric indicator was achieved. The selected Z0
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Fig. 1
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Fig. 2 (¢ o 32)

Fig. 1. Sample binary image.
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Fig. 2. Example of "loops" forming ina CSM co n-
tour and its description in polar coordinates.
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value was applied to all the sections of the patient.

The result is a binary image from the source i m-
age, in which the boundary of the contour is a I-
ready clearly represented (Figure 1). Figure 1
shows a visual binary i mage of the area of inte r-

est, which shows the contour of the SFL (i, j d co-
ordinates overlaid on the image).
_ Xiz(@i)) _XJz())

¢ Xz 're XZ(ij)
1)

In (1), Z (i, j) is the densitometric indicator of
the tissue at the point of the flat section with the
coordinates i, j, and summation occurs for all in
and jn.

The values of the radius
and the pol ar
this vector:

Rm) = J(p —x)? + (i — x)3n =1..N;

-vector module R(n)
angle U0(n) (

@(n) = arccos (;’;—’;),n =1..N.
@),

This procedure was performed automatically
for each contour by a program written in the M a-
ple E mathematical packaade
the radius -vector modules R(n) and polar angles
U(n) was named signatures
[19]. Based on the received signatures, it was po S-
sible to enter quantitative characteristics of the
features of the studied contours.

For more information
characteristics of medical
used, see article [20].

on the quantitative
image contours we
In particular, one of the
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methods is based on the calculation of the spe c-
tral power density of the centered radius sign a-
ture. This power density helps calculate the en-
tropy H(S(K)) for harmonics k of radius signatures

(4).

H(S) = =% () - InS(k)
4)
When using the second signature 0 angle
g(n), one can get anot hes-
tic of the contour: the number of local maximums
M, which corresponds to the change in the dire C-
tion of rotation of the radius  -vector R(n). In add i-
tion, in our study, the maximum S(k) value of the
normalized spectral power density and the value
of the_entropy product H(S) and number of local L
2 maximuis Weie faken ds thé SFE doRduBclaral © -
teristic, as we thought these characteristics could
"react more sharply” to the ty  pe of disease. Local
maximums are formed by passing the radius -
vector along the contour in areas similar to those
shown in Figure 2 (the area is highlighted by a
circle).
The center of mass of the figure was defined
as follows:
e n v This path chexmgés.the direcs etibn of m otion of
the radius -vector along the left part of the selected

o éreatoh the cmdure thusea "loapd is tolaained.

Very often, anatomically, the presence of a loop

indicates the presence of a vessel entering the a r-

ea of pathology and can serve asad iagno stic sign.
The number of such "loops" will be denoted

as L and the characteristic obtained in the ratio

(5) will be called multiplicity.
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M=1LxH(S)
(5)

The above characteristics, i.e. the entropy of
the signature of the contour radius -vector, mult i-
plicity, the maximum value of the normalized
spectral power density, and the number of local
maximums, were calculated by the values of the
densitometric indicator of each voxel belonging to
the contour.

Calculations were performed automatically
on a personal compute r using programs written in

fied quantitative characteristics of the contours
are statistically indistinguishable for different
types of diseases. If the null hypothesis is accep t-
ed, the proposed characteristics are not suitable
as diagnostic parameters.

The results of the Student's t
sented in Table 1.

Discussion.

It can be seen from the table that the St u-
dent's t -test allows to reject the null hypothesis
for all characterist ics, provided that the distrib  u-
tions of the studied characteristics are subject to

-test are pr e-

Mapl eE and LabVIEWE [21]. normal law. In this case, all the described chara c-
Fable t 1. Values of the studied parameters for certain types of the disease.
) ) Standard error of
Investigated parameters Type of disease Mean value
the mean
Cancer 5.789 0.174
The amount of local maximum, M
Tuberculosis 5.012 0.098
An entropy of th radiusvector signature, Cancer 1.337 0.014
H Tuberculosis 1.117 0.011
o Cancer 7.797 0.259
Multiplicity, MH )
Tuberculosis 5.758 0.140
. . Cancer 0.573 0.006
A maximum value of normative power of
I i .
spectral density, S Tuberculosis 0.647 0.004

For nonparanetric statistic test, we used the Mawhitney test, the results are presented in Table 2.

Results.
All the characteristics were analyzed for

nor mal di stribution in the

by the Shapiro oWilk test and it turned out that
these sample s were not likely to be taken from
normal distribution (in common terms, the no r-
mality test was not passed). This test for the e n-
tropy of harmonics radius -vector signatures is
graphically presented below (Figure 3). Visually,
we saw similarities to normal distribution and it
seemed strange to us. However, a statistical a s-
sessment using the chi -squared test also argues
that it is unlikely that the characteristics studied
belong to a normal distribution. In this regard, it
was proposed to test the possibilit y of using the
studied characteristics for differential diagnostics
of the SFL using parametric (due to visual simila r-
ity with normal distribution) and non -parametric
statistics (due to lack of normality).

The null hypothesis consisted in the belon g-
ing of the studied parameters for different verified
diagnoses to one general population, i.e. the spec i-
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teristics of the contour can be diagnostic param e-
ters.

S T Afiel Main| WHitkey test wag usadrfor verif  i-
cation by non -parametric m ethod, the results of
which are shown in Table 1.

As can be seen from Table 1, now the result
of verification of the null hypothesis on the poss i-
ble belonging of the studied parameters of one
general population to another one is ambiguous.
Only the last th ree characteristics for these di  s-
eases are statistically distinguishable and can
serve as diagnostic parameters. According to the
Mann dWhitney test, the "number of local max i-
mums" parameter has too much probability of
type | error (more than Pcrit=0.05).

As a result, it can be seen that the chara c-
teristics studied can be used in the differential
diagnosis of SFL. However, the "amount of local
maximum" characteristic requires additional r e-
search. The proposed system for the formation of
diagnostic signs h as proved its viability and can
be safely applied in clinical practice  of radiation
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Table { 2. Results of testing the null hypothesis (S
- The probability of type |
. o The probability of type |
Investigated parameters t-statistics error for the Mann
error for the ttest .
Whitney test
The amount of local maximum, M 2.82 4.9710 0.14
An entropy of the radiusector signature, 8.57 0 0
H
Multiplicity, MH 5.01 0 0
A maximum value of normative power g 7.43 0 0
spectral density, S

diagnosis.

Conclusion.

Awithout using the hypothesis about the
normality of the contour charact eristics (it is not
statistically confirmed), the "number of local ma X-
imums" parameter has too much probability of
type | error (0.14), i.e. it cannot be argued that it
is statistically distinguishable for different disea S-
es. This circumstance does not all  ow this param e-
ter to be used in differential diagnostics.

AThe remaining three parameters for diffe r-
ent diseases are statistically distinguishable and
can be used for differential diagnosis.

AWhen making a diagnosis, it is necessary
to rely on the indic ations of a set of diagnosticp a-
rameters, this approach can be implemented in
automated systems of assistance to the doctor. At
the moment, there is a set of parameters available
for the system of assistance to the doctor, which
include both already well s tudied: densitometric
indicator, RMSD of densitometric indicator, and
new: fractal dimension, entropy of the contour r a-
dius -vector signature, the number of local max i-
mums, multiplicity, the maximum value of the

normalized spectral power density. Increasing the
quantitative characteristics of medical images will

also improve the reliability of differential diagno s-
tics.

AThe diseases considered in this article are
not the only ones where studies of images of local
manifestation of pathology are used. The ch arac-
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urpose. To define the diagnostic efficiency and the main advantages of digital
breast tomosynthesis.
Material and  methods. For achievement of the goal during the period from July,
2013 to September, 2017 examinations in 150 patients aged from 29 to 79 years (middle age
858. 4 N11.3 years) were made in Gazprom clini< and MNI OI
ray equipm ent: "GIOTTO Image TOMQO", GIOTTO Image SDL (IMS, Italy) and "Senograph
Essential" (GE Healthcare, the USA). The diagnostic complex included: clinical examination,
mammography in two projections, digital breast tomosynthesis in a necessary projection
depending on characteristics and localization of the pathology, breast ultrasonography. The
fine -needle aspiration biopsy and core - biopsy under control of a method of the best visual i-
zation was applied for morphological verification.

Results. The sensitivity of digital breast tomosynthesis in detecting of breast abno r-
malities was 92.6%, 95% of Cl (82.4%  -97.1%), specificity 9 88.5%, 95% of Cl (80.6% -93.5%),
accuracy 9 90.0%, 95%CI (83.8% -94.0%), PPV 0 82.0%, 95% of ClI (70.5% -89.6%), NPV &
95.5%, 95% of Cl (89.0 %-98.2%).

The sensitivity of mammography in detecting of breast abnormalities was 79.6%,

95% of ClI (67.1% -88.23%), specificity - 77.1%, 95% of DI (67.7% -84.3%), accuracy - 78.0%,
95% of Cl (69.7% -84.5%), PPV 8 66.1%, 95% of CI (54.0% -76.5%), NPV -of 87.1%, 95% of ClI
(78.3% -92.6%).

Conclusion. The results of the analysis have shown that digital breast tomosynth e-
sis has advantages in diagnostic efficiency in comparison with tradi tional mammography:
higher accuracy and specificity because of an exception of superposition effect in identific a-

tion of additional signs of diseases of the benign and malignant nature, including high
mammogr aphy density.

Keywords: tomosynthesis, breast cancer, digital mammography, diagnostics.
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Equipment for digital breast Tomosynthesis and mammography: A - GIOTTO Image TOMO (IMS, Italy), B - ¢ S ®n
graph Essentialé (GE Healthcare, USA).
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Fig. 3. Mammogramms

A,B 0 fragments of right breast mam  mograms in cranio -caudal and media -lateral projections, C - fragment of
mammogra m in cranio -caudal projection, D - fragment of tomogramm in cranio  -caudal projection.
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QUANTITATIVE DYNAMICULTRASOUND IN THE HOOWUP OF HYPOECHOIC
BREAST POSBURGICAL SCAR

Busygi ndakiiozv R.F2, Pasynkov D.V. 1,
Kliouchkin I.V. 3, Pasynkova O.O. 4

o develop the method of standardized dynamic ultrasound (US) for hypoechoic post -1 - Oncology Dispenser
surgical scar follow -up and to assess its value in the detection of breast cancers of Mari El Republic.
located in the area of the scar tissue. Yoshkar -Ola, Russia.
Material and  methods. 263 women (19 -78 years old; mean f 47 . 3N20. 3) % ftMEeghgovFigiy o
or more previous breast surgeries. The follow -up started 0.5 -55 years after the surgery MO_SCO"YState'V'EdiC""'
(mean fi 18 years) and continued with 6 months intervals. The minimal follow -up duration ~ Unersiy.
required for in clusion to the analysis was 3 years. Moscow, Russia.
Results. The post -surgical scar had hyperechoic appearance in 89.7% of cases (236 3 - Kazan State Medical
patients), that made possible to visualize hypoechoic malignant lesions on this background Universty.
relatively easily. However in 10.3% of cases (27 patients) we found hypoechoic scar and the Kazan, Ru ssia.
conventional US sensitivity in the breast cancer detection in this area was 50%. At the same 4 - Mari State University.
time, the proposed method of standardized quantitative US raised the overall sensitivity in Yoshkar -Ola, Russia.
such cases to 100%.
High prevalence of breast surgery (including performed for benign lesions), risk of
malignant post -surgical scar transformation as well as both high cost and limitations of a I-
ternative modalities (contrast -enhanced magnetic resonance imaging) makes the propose d
method of dynamic US scanning reasonable to perform.
Conclusion. The follow -up strategy including the proposed method of standardized
quantit ative US and performed every 6 month increases the overall US sensitivity in breast
cancer detection in the area  of scar.

Keywords: post-surgical scar, breast, breast cancer, dynamic standardized ultr a-
sound.
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Fig. 4. Scheme .

Schemati ¢ diagram of scar dynamic ultrasound scanning: 1 fi starting point; 2 fA scanning interval (5 mm); 3 A

end point; 4 f scar;5 A probe; 6 A ruler. The description is given in the text.
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Fig. 5.  Screen shot of Scar Comparison 1.0 software (upper row) and the sa mple of its output (lower
row).
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Scar echogram 5 years after the breast lumpectomy
shows the hypoechoic inhomogenous irregular lesion
with unclear margin, surrounded by the hyperechoic
rim of fibrous tissue (arrow).
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Fig. 7. Ultrasound.

Selected dynamic scar ultrasound images obtained with 1 year interval (left column: first series of dynamic ultr a-
sound [26.01.2016]; right column: second series of dynamic ultrasound [17.02.2017], the levels of echograms co r-
respond to ones in the left column). Ratios of all mathematic parameters are below the 15% threshold. We co n-

cluded no changes during the follow  -up in this case.
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ries of dynamic ultrasound [22.07.2017]; righ  t column: second series of dynamic ultrasound [19.03.2017],
the levels of echograms correspond to ones in the left column.

The approximate scar borders marked with arrows: a -b A significant changes can be easily seen due to a new h ypoechoic lesion
appearan ce, that was absent during the previous scanning (double -headed arrow; mathematic p  arameters were not calculated);
c-d i changes can be seen with bare eye, however they are less significant co mpared with fig. 5a -b (divL i 2%;divH/W f 48%;

divs #
(divL f

mation (hystologically proven muci nous carci noma 71 NO MO) .
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Selected dynamic scar ultrasound images obtained with 8 months interval (left column: first s e-

10%; div S i 12%); g-h i almost no changes during the visual assessment, the mathematic parameters are marginal
10%; divH/W @ 0%; divS i 4%; divS A 16%). We considered this case to be suspicious for scar malignant transfo r-
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ULTRASOUND DIAGNOSI®F SMALL PEVIC VEINS IN WOMENWITH
AORTO-MESENTERIC COMPRESSN SYNDROME

Fomina E.E., Tukhbatul | in dka@sSaeMedea
Academy .
yndrome of aorto -mesenteric compression is a rather rare pathology, and ultr a- Kazan,Russia
sound diagnosis is the first method that does not invasively show the presenc e of
this syndrome.
Purpose. Ultrasound diagnosis of the pelvic veins and determination of the diagno s-
tic value of the proposed parameters in women with aorto -mesenteric compression sy n-
drome.
Material and methods. The study included 46 women, the average a ge was 30.196 N
7.17 years. The control group consisted of 23 non -pregnant women without venous and g y-
necological pathology. In general - 23 women: 15 operated women who had given birth with

varicose veins of the pelvis, caused by aorto  -mesenteric compress ion syndrome and 8 not
operated, with characteristic complaints characteristic of pelvic varicose veins. Statistical
data processing was performed using the StatSoft Statistica 10 software package.

Results. We studied the ultrasound diagnostic parameters o f the pelvic veins: the left
renal vein, the ovarian veins, the veins of the pelvic organs, the angle between the aorta and
the superior mesenteric artery. In the veins, blood flow rates and their ratio, diameters and
their ratio were measured. For indicat ors with identified intergroup differences between the

main and control groups of patients, the average, minimum and maximum values of the i n-
dicators were determined. In the main group of patients, the correlation analysis did not r e-
veal a functional relat ionship between the pressure gradient and other measurable indic a-
tors. When analyzing the correlations of other indicators of the main group (at p <0.05000),

the coefficients show that a number of indicators have a relatively high connection tigh t-

ness. A c orrelation analysis of the indicators of the control group (at p <0.05000) made it
possible to identify a number of indicators that have a relatively high connection tightness.
In the study of rank correlations of the control and main groups, it was found that among
the indicators having a statistically significant high closeness of communication, seven ind i-
cators coincided - the angles between the aorta and the superior mesenteric artery, the d i-
ameters of the left renal vein in different segments and their relationships. This suggests
that the degree of closeness of the relationship between the observed indicators does not
depend on the groups (main and control) for all patients observed.

Conclusion. The results indicate that some ultrasound diagnostic para meters, such
as the ratio of linear blood flow velocity in the left renal vein of the distal segment to the st e-
notic, angle between the aorta and the superior mesenteric artery lying and standing can be
used as defining statistical signs of the aorto -mesen teric syndrome.

Keywords: ultrasound angioscanning; syndrome of aorto -mesenteric compression;
left renal vein; angle between aorta and superior mesenteric artery; left ovarian vein.
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MR-ANGIOGRAPHY IN ASSESING THE ANATOMY OFTHE RENAL ARTERIES
BEFORE RENAL GMPATHETIC DENERVADN
Cardiology research

inst itute, Tomsk national
research medical center
of Russian academy of

Ryumshina N.I., Baev A.E., Falkovskaya A.Yu., Usov W.Yu.

he paper presents comparative analysis of preoperation MR -angiography and X -ray sciences.
angiography carried out before renal denervation of sympathetic plexus of renal a I romsk Russia
teries i n patients with resistant arterial hypertension. ' '
Purpose. To compare the data of MRA and diagnostic X -ray angiography of the renal
arteries to determine a method that allows you to plan in detail the renal denervation proc e-
dure.
Materials and methods. 44 patients (16 men, 28 women; average age was 59.18
years) with a verified diagnosis: resistant hypertension, admitted to treatment (renal dene r-
vation). All patients underwent standard preoperative laboratory and instrumental diagno s-
tics. Survey aortography  with selective renal angiography and MR angiography were pe r-
formed in all 44 (100%) patients.
Results and conclusion. It has been shown that both methods are comparable in
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the dete ction of renal arteries stenosis, as well as in visualization of the main re nal artery
and of segment branches of arteries, and in measurement of their diameters. In most cases
MR-angiography a little bit exaggerates the diameter of the artery for as low as 0.6 -0.8 mm.
Also MR -angiography do not deliver radiation exposure to a pat ient. Moreover, MRA provides
the opportunity of sequential thin -slice imaging, and may separate branches of the renal
arteries up to segment branches of 3 -4 classes with high accuracy. In total, the MRA pr e-
dicts the anatomic imaging with invasive catheter X-ray angiography and allows to plan it in
details before renal sympathetic denervation

Keywords: magnetic resonance imaging, X -ray angiography, resistant hypertension,
renal denervation.
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Fig. 4. X-ray angiography of right renal artery.
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MODERN RADIOLOGY DIAGNOSTICS OF CUPPELVIC SYSTEM WITHIBURGICAL
TREATMENT PLANNINGNIPATIENTS WITH NEROLITHIASIS

Pesegov S.V., Rudenko V.l., Sayenko V.S.,
Aleksandrova K.A., Serov a N.S., Kapanadze L.B.

he most complex form of urolithiasis is coral nephrolithiasis (CN). The choice of
surgical method of CN is one of the most controversial issue. Despite the most

common type of normally developed kidney (50 -70% of cases), itisn ecessarytor e-
member about alternative versions of the structure of the cup -pelvic system (CPS), angioa r-
chitectonics and anomalies of kidney development. The emergence of highly informative d i-
agnostic technologies and improved methods of treatment of CN di ctate the growth of inte r-
est in the study of the individual anatomy of the kidney and the pathological process.

Materials and methods. The analysis of the influence of the form of CPL, the type of
rotation of the cups and the stage of CN on the results of treatment. 143 patients with K2 -
K4 forms of CN were examined and treated. As monotherapy, percutaneous nephrolithotri p-
sy was performed in 118 patients, combined treatment was required in 25 patients. The
classification proposed by A. G. Martov (K1, K2, K3, K4) was used to separate patients wit  h-

in the group according to the stage of CN. Assessment of the type of structure of the CPS
was carried out according to the classification proposed by F. Sampaio (Al, All, Bl and BlI
types). Options of rotation of the cups is distributed as belonging to Podlewska (Br.) or Ho d-
son (N.) types. The survey found that of the 143 patients revealed K2 047,Q3 - 49, Q4 - 47
patients. Brodel's type of rotation of the cups was observed in 33 patients with the form of
the structur e of the CPS Al, All -11, Bl -16, BIl -14, respectively. In patients with Chodanow S-
ki type of rotation of the cups is marked with the following occurrence of the forms of stru c-
tures of CHLS 0 Al-26, Il -14, Bl -17, BIl -12.

Results. The overall effectiveness of treatment of K2 -K4 forms of KN is 96.5%. The e f-
fectiveness of percutaneous nephrolithotripsy monotherapy is 82.52%. Depending on the
type of rotation of the cups is marked complete elimination of CPS when performing perc u-
taneous nephrolithotripsy monothera py 78.3% of patients with Podlewski and 86.9% of p a-
tients with Chodanowski types. The highest degree of elimination when using percutaneous
nephrolithotripsy monotherapy has Al form of CPS (94.92%). The worst in relation to the
prediction of elimination we re All and BIl forms of CPS -64% and 73.08% of cases, respe c-
tively.

Conclusion. The key to the success of CN treatment is a detailed understanding of
the variants of the structure of the CPS with the use of modern high -tech diagnostic met h-
ods.

Keywords: urolithiasis, coral nephrolithiasis, structure of the cup -pelvic system, pe r-
cutaneous nephrolithotripsy, combined treatment, multispiral computed tomography
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A - Al type of structure, B - All type of structure, C & Bl type of structure, D 8 Bl type of str ucture.
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NEPHROSCINTIGRAPHYN ASSESSING THE FUNGONAL STATE OF THEENAL oo
PARENCHYMA IN THE SBGICAL TREATMENT OEORAL NEPHROLITHIAS! - 1 SechenovFist

Moscow State Me dical
Chekhonatskaya M.L. 1, Rossolovsky A.N.1, Kryuchkov I.A. 1, Nikolenko V.N. 23, University (Se- chenov
Bobylev D.A.L, Velikanova M.G.4 Kondratéeva O.A.l, Chekhonatsky I.A.5 Uniersi).

Moscow, Russia.

3 - M.V. Lomonosov
Moscow State Un iversity.
Moscow, Russia.

4 - S.R. Mirotvortsev
Clinical hospital.

urpose. To assess the functional state of renal parenchyma in patients with coral
nephrolithiasis before and after surgery by determining the effective renal plasma
flow and the levelo f  amkcroglobulinuria.

Materials and methods . The study involved 94 patients with an established diagn o-

sis of urolithiasis, with coralloid calculi K1 -K3 renal localization. All patients underwent a .

. . . . . Saratov, Russia.
complex of instrumental and laboratory studies, radionuc lide study. Surgical treatment was 5 - Russian Medical
performed by percutaneous nephrolithotripsy (PNLT). Academy of Pos tgraduate

Education.

Moscow, Russia.
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Results . In this study, a direct correlation between the value of effective renal pla s-
ma f | ow -aierdglol@ulthuria in patients with ICD in the perioperative period w as re-
vealed. The results of the study showed that the value of effective renal plasma flow of the
kidney in the group of patients with residual nephrolithiasis was lower than in patients
without co ncrement.

Conclusion . Residual renal calculi, which are not susceptible to conservative ther  a-
py for 3 months, after PNLT have a damaging effect on the renal parenchyma, which is e X-
pressed in a decrease in the effective renal plasma flow and an increase in the level of urine
a 2microglobulin compared with the control group.

Keywords: urolithiasis, radionuclide diagnosis, percutaneous nephrolithotripsy, r e-
sidual concretions, urine  a 2microglobulin.
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Fig. 1. Scheme.

The composition of stones according to polarization microscopy.
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Fig. 2. Scheme.

Indicators of effective re nal plasma flow before surgery:

a) kidneys with coral -like concretion;

b) kidneys without concrement;
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Fig. 3. Scheme.

Indicators of effective renal plasma flow in the early postoperative period:

a) operated kidney;

b) kidneys without concrement;

c) total.
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Indicators of effe ctive renal plasma flow in 3 months after surgery:
a) operated kidney;
b) kidneys without concrement;
c) total.
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a) prior to surgery;

b) in the early postoperative period;

¢) 3 months after surgery.
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urpose. To evaluate the effectiveness of multimodal ultrasound of insulin -induced
lipohypertrophy in diabetic patients, including B -mode, compression sonoela s-
tograp hy and volumetric blood flow analysis using 3D power Doppler ultrasound.

Materials and methods. We examined 124 patients receiving insulin, including 47
participants with type 1 diabetes and 77 patients with type 2 diabetes. The sites of insulin
injections were assessed by palpation and ultrasound. The assessment in B -mode was fo |-
lowing by real -time compression sonoelastography with estimation of Strain Ratio coefficient
and 3D Doppler ultrasound with the calculation of Vascularization Index (VI), Flow Inde X
(FI) and Vascularization Flow index (VFI). The areas of unchanged adipose tissue surroun d-
ing the sites of lipohypertrophy were considered as reference areas.

Results. The areas of lipohypertrophy were detected in 84 and 107 patients by pa -
pation and ult rasonography (67.7% and 86.3% respectively). In the mode of compression
sonoelastography, there was an increase in rigidity of lipohypertrophy sites (median of
Strain R atio coefficient is 1.69). Significant decrease in VI, Fl, and VFI values was revealed
by 3D power Doppler ultrasound in the areas of lipohypertrophy (p=0.0002, p=0.001,
p=0.0003 respe ctively).

The obtained results demonstrate the frequent formation of lipohypertrophy areas at

the sites of insulin injections in patients with diabetes. The are as of lipohypertrophy differ
from the surrounding adipose tissue by density and demonstrate greater rigidity and deple t-
ed vascularization.

Conclusion.  Multiparameter ultrasound, including B -mode, compression sonoela s-
tography and volumetric examination of b lood flow by 3D power Doppler ultrasound, pr o-
vides obje ctive quantitative characterization of insulin -induced lipohypertrophy in patients

with diab etes.

Keywords: diabetes; insulin; lipohypertrophy; subcutaneous adipose tissue; ultr a-
sound; sonoelastograp hy.
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Fig. 1. Utrasound.

A - gray-scale scanning in B -mode. B - 3ompr es
real -time sonoelastography. Blue painted areas of i n-
creased rigidity . Heterogeneous site of lipohypertrophy
with i ncreased rigidity in the subcutaneous adipose
tissue of the anterior abdominal wall in a patient with
diabetes.
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Fig. 2. Utrasound .

Static 3D -reconstruction of the lipohypertrophy site.
Zones of interest in three orthogonal planes, with r e-
construc ted three -dimensional image of the lipohype r-
trophy area (lower right corner).
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Fig. 3. Utrasound .

The activated program VOCAL. The definition of the
contour of the shell within which the measurement of
vascular indices will be made. The contour of the spec i-
fied shell corresponds to the contour of the lipohype r-
trophy area (manual contouring is performed).

¢o3. syl .

¢adaa3e3)093aYRoaoahe of hasofhmo-
eayo2€e0383ado2 Y e€3ay3Roasa )Y
eRoosaya> (@968} 3R e€3a2bYeoroaast

323} 0368RHQ

Fig. 4. Utrasound .

Reconstructed volumetric contour of the lipohypertr o-
phy site in the VOCAL program. Within this circuit,
volumetric vascular indices are measured.
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Fig. 5. Utrasound.

Automatically determined volumetric contour of the

shell in the VOCAL program. The estimation

of volumetric vascular indices is made within the spec i-
fied contour (reference measurement zone).
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Fig. 6. Utrasound .

Gray -scale scanning in B-mode (colorization ). Hy-
perechogenic area of lipohypertrophy in the subcutan e-
ous adipose tissue of the anterior abdominal wall in the
sites of insulin injections in a patient with diabetes.

Measurement in two orthogonal plane
sions.
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Fig. 7. Utrasound .

Evaluation of the Srain Ratio coefficient in the sites of
lipohypertrophy. Comparison of the r i-
gidity of the lipohypertrophy site (blue circle) and the
surrounding subcutaneous adipos e tissue (yellow ci r-
cle). Control field measurements at the level of interest.
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Fig. 8. Utrasound .

VOCAL progeam. t Beis theedisplay of the

zone of inte rest in two orthogonal planes. B - lower
right, reconstructed volumetric image of lipohypertr o-
phy site.Analysis of vascularization of the site of lipoh y-

pertrophy in the subcutaneous adipose tissue of the
anterior a bdomina | wall in the area of insulin injections

in a p atient with diabetes.
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