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be3sonacHocTb U 3 eKTUBHOCTb YPECKOXKHOM
cocyaonnacTMku ¢ npumeHenmeM yctpouctea Vessel-X
NpyU NeYeHUU CUMNTOMATUYHBIX NEPeNoMOB IPyAHBIX

U NOSCHUYHBIX NO3BOHKOB

S. Masala', A. Lacché', Ch. Zini?, D. Mannatrizio®, S. Marcia®, M. Bellini®, G. Guglielmi®

! Department of Diagnostic Imaging and Interventional Radiology, General Hospital, University of Rome, Pum, Utanusa
2 USL Tuscany centre: Azienda USL Toscana centro, TockaHa, Utanusa

3 Department of Clinical and Experimental Medicine, Foggia University School of Medicine, ®oga, Uranus

4 ASSL Cagliari, Radiology PO SS Trinita, CapanHus, utanusa

5 Policlinico Santa Maria alle Scotte: Azienda Ospedaliera Universitaria Senese, Utanus

¢ University of Foggia, ®ogxa, Uranus

AHHOTAUNA

Llennb — oueHUTb pe3ynbTaTbl KIIMHUYECKUX W PEHTFEHONOMMYECKUX UCCe0BaHMiA B OTHOLLEHWUM 6e3onacHocTh U 3¢-
deknBHocTH ycTpoictBa Vessel-X (Dragon Crown Medical Co., Ltd Shandong, Kutait), npuMeHsiemMoro Ans neyeHns cuMn-
TOMaTMYHbIX NEPesIoMOB MO3BOHKOB C NOBPEXAEHNEM 1 6e3 NoBpeXAeHNs 3afiHel CTEHKU NO3BOHKa M/unu obenx 3aMblka-
TeNbHbIX NIACTUHOK.

Mamepuaner u Memodel. PeTpocneKTBHO 006cneaoBaHo 66 NaUMEHTOB, NEPeHECLIMX 92 XMpYPrUYecKux BMeLUaTelb-
CTBa B CBA3M C CUMMTOMATUYHBIMM NepesioMaMu Ten No3BOHKOB B nepuof ¢ 19 mapta no centabpb 2020 r. Bce nepenombl
OblAM pa3geneHbl Ha 2 NOATPYNMbl: CNOXHbIE (36 NEPENOMOB C MOBPEXAEHWUEM 3aiHEN CTEHKU U/MAM 00EMX 3aMblKaTeslb-
HbIX NACTUHOK NO3BOHKOB) M NPOCTLIe (BCe OCTaNbHble). Pe3ynbTaThl IeYeHUs OLLeHUBANM MO YUCTIOBOI PENTUHTOBOI LKane
(Numerical rating scale, NRS) u uxaexcy HetpyaocnocobHocTu Ocsectpu (Oswestry disability index, ODI) 3a aeHb 4o xvpypru-
yecKoro BMeLLaTenbCTBa U Yepes 1, 6 n 12 mec HabnoaeHus. BoccTaHoBneHUe BbICOTHI MO3BOHKOB TaKXKE OLEHWBANK NMYTEM
CPaBHEHWUA PEHTTEHOMIOMMYECKUX CHUMKOB [0 U NOC/E BMELLATENbCTBA.

Pe3ynsmamel. Bcero nponeyeHo 92 no3soHKa (58 NOACHUYHBIX U 34 rpyLnHbIX), B 24 cnyyasx — C NOMOLLbI0 MHOMOYpOB-
HeBbIX NpoLeayp. Yactota TexHnyeckoro ycnexa coctauna 100%, BbisBeH NULLb 0AUH Cyyaii BeccMNTOMHONM NapasepTe-
BpanbHoi yTeukm LeMeHTa. B obenx noarpynnax oTMeyanacb JOCTOBEpPHas CTaTUCTMUYeCKas pasHULA MeXay noKasaTensiMmu
NRS u ODI B soonepaumoHHbIi nepuog, 1 Yepes 1, 6 u 12 Mec Habntoaenus (p <0,05), a TakKe B OTHOLIEHWM BbICOTbI MO3BOH-
KOB NPy CPaBHEHWM LaHHbIX A0 M nocne onepaumu (p <0,05). JocToBepHO 3HaUMMOIA pasHULbI B OTHOLLIEHUW BOCCTAHOBIIEHNS
BbICOTbI MO3BOHKOB CPEAM COXKHBIX M NPOCTLIX NEpPeNoMoB He Habnoaanock.

3aknwyerue. Cocyponnactuka — be3onacHblil M 3QEKTUBHBIA METOL, NeYeHUst NPOCTbIX U CAOXHBIX 60Ne3HEHHbIX
MepesioMoB NO3BOHKOB, 06eCNeYMBatLLMIA 3HAUMTENIbHOE YMEHBLUEHWE CUMNTOMATUKM, OTAMYHBIA KOHTPOJIb YTEUKM LIEMEHTa
W Ha[iexalliee BOCCTAHOB/EHWE BbICOTHI MO3BOHKOB.

KnioueBble cnoBa: cocyaonnactuka; ocTeoniaCTUKa; nepesioMbl MO3BOHKOB; yTe4YKa LeMeHTa; BOCCTAaHOBJIEHWE BbICOThI
NO3BOHOYHUKaA.
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ABSTRACT

AIMS: to assess radiological and clinical outcomes, in terms of safety and efficacy, of symptomatic vertebral fractures with
and without posterior wall and\or both endplates involvement, treated with vesselplasty technique (Vessel-X, Dragon Crown
Medical Co., Ltd Shandong, China).

MATERIALS AND METHODS: We retrospectively evaluated 66 patients who underwent 92 vesselplasty procedures,
performed for the treatment of symptomatic vertebral body fractures from March 19 to September 2020. We divided the
fractures in two subgroups: 36 vertebral fractures with posterior wall and/or both endplates involvement, which we defined
complex, while all the others were defined simple. Numerical Rating Scale (NRS) and Oswestry Disability Index (ODI) values has
been registered 1 day before the procedure and at 1, 6 and 12 months follow-up. We also evaluated vertebral height restoration
by comparing pre-interventional with post-interventional imaging.

RESULTS: 92 vertebrae were treated (58 lumbar, 34 thoracic), with 24 multilevel procedures. We observed a technical
success rate of 100%, without major complications; a single case of asymptomatic paravertebral cement leak was reported.
Both simple and complex subgroups registered a significative statistical difference in NRS and ODI between preoperative and at
1, 6 and 12 months (p <0.05). A significant statistical difference was demonstrated in vertebral height comparing pre-operative
and post-operative data (p <0.05). No significant difference in vertebral height restoration was observed between simple and
complex vertebral fractures groups.

CONCLUSIONS: Vesselplasty represents a safe and effective technique for the treatment of both simple and complex painful
vertebral fractures, granting a significant reduction of symptoms, excellent cement leakage control and proper vertebral height
restoration.

Keywords: vesselplasty; osteoplasty; vertebral fractures; cement leakage; vertebral height restoration.
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INTRODUCTION

In the last decades, a significant increase has been
observed in the number of vertebral augmentation
procedures (VAP) for the treatment of vertebral fractures
(VFs), with the development of more advanced techniques.
All these interventions cause excellent results, with reduced
complication rates and a better cost—benefit ratio compared
to open surgical procedures [1-3].

The VAP term comprises several treatment options that
can be subdivided into simple percutaneous vertebroplasty
(PVP), percutaneous kyphoplasty (PKP), and percutaneous
implant techniques (PIT) [4], which all aim to reduce and
possibly eliminate pain symptoms by fracture consolidation
and, whenever is possible, to restore paraphysiological
vertebral body height (VBH) by injecting bone-filling material
(BFM) under image guidance [4].

Although BFM injection is thoroughly monitored via
fluoroscopy imaging, it can leak outside the vertebrae into
the adjacent spaces in 7%-30% of VAPs [5-7].

A correlation between high volume injections of BFM and
its leakage has been demonstrated; the presence of cortical
bone defects of the vertebra represents an additional risk
factor for the occurrence of this complication. Moreover, to
prevent an undesired BFM leakage in the epidural space with
potentially serious complications, several studies excluded
patients with posterior wall defects [8].

Many devices have been developed during the last years
to reduce the incidence of this complication; therefore,
our retrospective study aimed to share our experiences in
using the vesselplasty technique (Vessel-X, Dragon Crown
Medical Co., Ltd Shandong, China), a dedicated PIT with
a container made of polyethylene terephthalate (PET), a
non-stretchable material with 100-pm porosity, to restore
the VBH and prevent BFM leakage. Furthermore, when the
pressure inside the container is greater than the surrounding
resistance, BFM starts to interdigitate through the pores
equally in all directions, without concentrating in the locus
of minor resistance of the vertebral body (Fig. 1).

METHODS AND MATERIALS

Study design

A retrospective single-center study on a relatively small
sample size.

Patients

In our study, 66 patients (16 males and 50 females,
with a mean age of 73.1 year) with 92 painful dorsolumbar
vertebral body fractures who were resistant to conservative
management were included in the study; among them, 56
were associated with severe osteoporosis, 4 with multiple
myeloma, 2 with metastatic breast cancer, and 4 were
traumatic.
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Fig. 1. Vessel-X device, made of a mesh of Polyethylene
Terephthalate (PET), a non-stretchable material that has a porosity
of 100-pm.

Patients with active infection, a fracture, or an abnormal
vertebral body that is not causing pain or clinical problem;
with very old fractures, coagulopathy, spinal cord or nerve
impingement causing radicular pain, osteoblastic metastasis,
and bone metastasis that extended to the epidural space; and
who already underwent other VAP were excluded.

Patients with endplate interruption and/or posterior wall
defect documented with magnetic resonance (MR) and/or
computed tomography (CT) were classified to the “complex”
subgroup, which had VFs related to osteoporosis (N = 19),
traumatic fracture (N = 3), multiple myeloma (N = 2), and
metastatic breast cancer (N = 2).

A total of 24 patients underwent a multilevel procedure
in the same intervention (3 levels, N = 2; 2 levels, N = 22).

The numerical rating scale (NRS) score and Oswestry
disability index (ODI) have been evaluated 1 day before the
procedure and at 1, 6, and 12 months after.

MRI follow-up was performed at 1, 6, and 12 months,
whereas CT was performed at 1 and 12 months post-
intervention.

Imaging analysis

Preoperative VBH was obtained by measuring anterior,
central, and posterior heights with MRI and/or CT;
postoperative VBH was calculated immediately after the
Vessel-X implantation with fluoroscopic images and at 1, 6,
and 12 months post-intervention with MRl and at 1 and 12
months with CT.

Vertebral height restoration (VHR) was calculated by
measuring the difference between pre- and postoperative
height, with control measurement of the adjacent untreated
vertebral bodies as a reference.

Procedure

Procedures have been performed in our dedicated
angiosuite under local anesthesia and ongoing antibiotic
prophylaxis based on CIRSE guidelines [4].
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Fig. 2. (a-d): Intraoperatory positioning of Vessel-X device. BMF starts to spread out of the PET container only after it reached its

maximum size. (e): VR reconstruction of Vessel-X.

The patient was placed in the prone position, and, under
fluoroscopic guidance, the target vertebra was centered and
the arc rotated to display the chosen transpedicular path. Then,
the trocar, a spinal needle of 8-G with a variable length of
90-150 mm was advanced until it reached the vertebral body.

The target position lies immediately after the posterior
wall in lateral projection and toward the midline in A-P
projection and at midway between the two endplates.

Vessel-X has two dimensions and we chose which one to
use in the preoperative based on the vertebral size. Then, it
was positioned and filled with BFM (mean quantity = 3.30.8
mL/vertebra). BFM is a high viscosity acrylic-based radiopaque
bone cement.

After injecting BFM, Vessel-X loses its tubular shape in favor
of a cylindrical conformation until a predefined size is reached.

The BFM maximum pressure inside the container, before
it starts to spread outside, is associated with the relative
resistance of the surrounding bone density, which is different
between fresh and old fractures or young and osteoporotic
bone. Once this pressure is reached, it starts to penetrate
the micropores interdigitating between the trabecular spaces
and stabilizing the container with the subsequent lifting of
vertebral endplates.

Technical success was defined as the correct placement
and implant of the Vessel-X (Fig. 2).

Ethical statement
Formal consent is not required for this type of study.

Statistical analysis

NRS and ODI were presented as descriptive statistics,
such as the mean, standard deviation, median, and

DOI: https://doiorg/1017816/DD88685

interquartile range, before and at 1-, 6-, and 12-months
follow-up.

To detect statistically significant changes in NRS and 0DI
in the post-treatment period and to compare the results with
the pre-treatment period, both paired t-test and Wilcoxon
matched-paired signed-rank test were used.

The null hypothesis of no difference between pre- and
post-treatment was then assumed for each series of scores.

All analyses were performed using Matlab (The
MathWorks Inc., Natick, MA, USA).

RESULTS

A total of 92 vertebrae have been treated (58 lumbar and
34 thoracic; range, D5-L5) using Vessel-X with a technical
success rate of 100%.

The bipedicular approach was the preferred method at
lumbar levels, whereas the monopedicular approach was
performed in the thoracic vertebrae.

A multilevel procedure was performed in 24 patients
(3 levels in 2; 2 levels in 22).

No major complication occurred; a single case of
asymptomatic paravertebral leak in a L1 traumatic complex
fracture without involving the spinal canal or nerve roots was
observed in both MRI and CT control at 1 month.

No new fractures in the adjacent vertebral bodies were
reported during the 12-month follow-up period.

In 10 patients with pathological and traumatic fractures,
MRI scan at 6 and 12 months confirmed the absence of bone
marrow edema in the target vertebra and the adjacent ones.

We observed a significant decrease in 0DI values from
a preoperative mean of 73.2+7.9 to the mean values of
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Fig. 3. (a): CT scan: Sagittal reconstruction of a complex vertebral
fracture. (b): Post-operative CT control. Vessel-X is perfectly placed
without BFM leakage.

14.143.3, 13.8+3.6, and 14.0+2.9 at 1-, 6-, and 12-months
follow-up, respectively (p < 0.05) (Fig. 3).

The preoperative mean NRS of 7.3+1.2 dropped to 1.8+1.3,
2.1+0.8, and 1.71.0 at 1, 6, and 12 months (p < 0.05). (Fig. &)

No statistically significant difference was observed in the
two VF subgroups based on standard deviation.

The mean preoperative anterior VBH was 11.3+2.2 (range
7-15) mm and increased to 14.0+1.7 (range 10-19) mm) at
post-procedure (p < 0.05).

The mean preoperative central VBH was 11.9+2.5 (range
6—17) mm and increased to 16.1+1.8 mm at post-procedure
(p < 0.05).

Mean preoperative posterior VBH was 16.4+2.5 (range
10-22) mm and increased to 19.5+1.6 (range 23-16) mm at
post-procedure (p < 0.05).

No statistically significant differences were observed
based on VHR between the simple and complex VF subgroups.

In VBs treated with bilateral access, the distribution of
BFM was more homogeneous than in the monopedicular

0DI score
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approach. However, no difference was observed in VBH
restoration between bipedicular and monopedicular groups.

DISCUSSION

One of the main complications of VAP is represented by
undesired cement leakage outside the target vertebral body.
A large meta-analysis conducted by Zhan Y. et al. showed
an incidence rate of cement leakage of 54.7% and 18.4%
for percutaneous vertebroplasty and percutaneous balloon
kyphoplasty, respectively [9].

To reduce the risk of cement leakage, many devices
have been developed including the Vessel-X. In our study,
short-term follow-up results are promising; the complete
technical success with just a single case of asymptomatic
cement leakage (1.08%) indicates that vesselplasty is a safe
and effective technique for VF treatment, including those
with endplates and/or posterior wall interruption highly at
risk for adverse events. No clinically significant side effects,
infection, or neural damages were observed.

Additionally, intradiscal cement leak has been shown
to increase the risk of subsequent new fractures of the
adjacent vertebral bodies [10-16]; in our study, no intradiscal
cement leak occurred and no subsequent fracture has been
demonstrated at the 12-month follow-up. We believe this is
related to Vessel-X properties of a controlled BFM distribution
due to a homogeneous spread through its mesh pores, in
contrast to other PIT devices in which the cement expansion
privileges the weakest areas of the fracture, causing leakage
[17,18].

Beyond complication prevention, vesselplasty has
shown excellent clinical results, supported by the significant
reduction in NRS and ODI values during follow-up evaluations.

Bipedicular injection of BFM is reported to provide better
results based on VB stiffness restoration, albeit no significant
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Fig. 4. The index is expressed in percentage points and ranges from 0% to 100%, with the lower limit related to the absence of disability
and the upper limit to the maximum degree of disability (patients are bed-bound).

At pretreatment, the median ODI score was 78% (25th percentile, 70.5%; 75th percentile, 84%); no outliers were identified.

At 1 month post-treatment, the median 0DI score was 14% (25" percentile, 12.7%; 75th percentile, 17%); no outliers were identified.

At 6 months post-procedure, the median 0DI score was 13% (25" percentile, 12%; 75th percentile, 16%); no outliers were identified.

At 12 months post-procedure, the median 0DI score was 13% (25" percentile, 12.4%; 75th percentile, 16%); no outliers were identified.
The mean ODI scores decreased from 73.2+7.9 to 14.1+3.3 at 1 month and 13.8+3.6 at 6 months (p < 0.001).
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Fig. 5. At pretreatment, NRS scores were mostly concentrated on the upper limits of the scale (median, 8; 25" percentile, 7; and 75t
percentile, 8). The distribution of NRS scores in the post-treatment survey at 1 month (median, 2; 25" percentile, 2; and 75" percentile,

3) at 6 months (median, 2; 25" percentile, 2; and 75" percentile, 3),

and 12 months (median, 2; 25™ percentile, 2; and 75" percentile,

3); no outlier was identified. The mean NRS score was 7.3+1.2 at pre-procedure and decreased to 1.8+£1.3 at 1 month, 2.1£0.8 at

6 months, and 1.7+1.0 at 12 months (p < 0.001).

difference in VB strength, due to the greater volume of BFM
applied and the symmetric distribution [18]. When possible,
we opted for a monopedicular access at the thoracic level
and a bipedicular for lumbar procedures, mainly for the
higher axial load forces at this level, in which we believed
that a greater quantity of BFM was required. As for VHR,
no significant difference was observed between the two
approaches.

Regarding VHR, stability at post-treatment represents
an important target. Several studies have shown that after
percutaneous kyphoplasty, an important reduction in VBH
routinely occurs, probably due to an inhomogeneous BFM
distribution. PKP procedure requires balloon inflation inside
the VB and successive withdrawal to allow cement injection
of cement, causing a partial collapse of the vertebral body,
resulting in negative effects on height restoration [5,17,18].

Conversely, this event is more common in standard PVP
when the fracture remains unstable. In this case, a new PVP
intervention is advocated; however, it must be noted that
the risk of undesired cement leakage is greatly increased
19, 19-22].

In our series, we did not observe any perceivable
difference in VBH between the procedure final control
and follow-up assessment, suggesting how the Vessel-X
device offers good support for the fractured vertebral body
preventing its collapse.

Furthermore, vesselplasty guarantees shorter exposure
time to ionizing radiation, as for the first 2 mL of injected
BFM, no fluoroscopic control is required. Then, a fluoroscopy
examination is necessary for every 0.25 mL of BFM injected
until the desired VBH is reached [17].

Limitations

Our study presents some limitations: it is a retrospective
single-center study and on relatively small sample size.

DOI: https://doiorg/1017816/DD88685

However, our results are encouraging and, if confirmed,
would allow patients with exclusion criteria like interrupted
posterior wall to be treated.

CONCLUSION

Vesselplasty technique using Vessel-X may be considered
an effective and safe option for the treatment of standard and
complex VFs.

Due to its design, Vessel-X guarantees optimal control
of BFM distribution with a reduced rate of cement leakage
and shorter fluoroscopy time compared to PVP and PKP
procedures.

Vessel-X has also shown good clinical results with a
significant reduction of NRS and 0DI values post-treatment.

However, to further validate these results, prospective
randomized trials are necessary.
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Bnuanue uHpekca Maccol Tena
Ha HageéxHocTb WwKanbl KT 0-4:
CpaBHeHMe NPOTOKOJIOB KOMMbIOTEPHOU TOMOrpaduu
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AHHOTALNA

06ocHosaHue. 113-3a NOBbILLIEHUS YACTOTHI UCMOJb30BaHMs KOMMbIOTEPHOI TOMOrpaduy OpraHoB rpyLHOI KNeTKU B bopb-
6e ¢ COVID-19 Bo3HMKIA HEOOXOAMMOCTL MPUMEHEHNS! HU3KOAO03HOW KOMMbLIOTEPHON TOMOTpadumM 1A CHUKEHUS 4,030BOVA
Harpysku Ha OpraHM3M naumeHTa npu COXpaHeHUW AMArHOCTUMECKOM LIEHHOCTU uccnefoBahus. Mpy 3TOM AaHHbIX O BAUA-
HWW MHAEKCA Macchl TeNa NauMeHTa Ha TOHHOCTb HU3KOA03HOM KOMMbOTEPHO-TOMOrpadMyecKon AMarHoCTMKW Y NaLyeHToB
c COVID-19 B onybnmkoBaHHoi nuTepaType He 0bHapyeHo.

Llene — oueHuTb BIMSHME MHAEKCA Macchl Tena MauMeHTa Ha YpPOBEHb COMNAcusi MEXAY BpavyaMu-peHTreHosoraMu
MPW WHTEpPNpeTaLMn CTaHAAPTHOM M HU3KOLO3HOW KOMMbIOTEPHOW TOMorpaduu opraHoB rpyaHoii Knetku npu COVID-19-
accoLMMpOBaHHOM NMHEBMOHWW MO BU3YaslbHOW NOAYKONMYecTBeHHoM Wwkane KT 0-4.

Mamepuanel u Memodel. PeTpocneKTMBHOE MHOMOLEHTPOBOE MCC/El0BaHME, B KOTOPOM KaX0My U3 Y4aCTHUKOB B paM-
Kax OfHOro BM3WTa BbINO NOCNEAOBATENbHO BLINOMHEHO [Ba UCCNEAOBAHUS OPraHOB rPYLHOW KNETKW MO CTaHAAPTHOMY
¥ HU3KOZO3HOMY MPOTOKOAY. WHTepnpeTaumsa CTaHAAPTHOM M HU3KOLO3HOW KOMMbIOTEPHOM TOMOrpaduu OpraHoB rpyLHOM
KJIETKM C JIEr0YHbIM M MAMKOTKaHHBIM KepHENaMW NpoBOAMNIACck M0 BU3yanbHOM nonykonmuectBeHHon Wwkane KT 0-4. [laH-
Hble AN KaX[0ro NpoToKosa bbiin crpynnupoBaHbl N0 3HAYEHWK0 MHAEKCA Macckl Tena (MoporoBoe 3HadeHue Ans nareno-
MM BbII0 MPUHATO paBHbIM 25 Kr/m2). Cornacue paccumnTbIBav Ha 0CHOBE BUHAPHOI 1 B3BELLEHHOI KnaccuduKaumii. OLeHKy
HaNM4Ms CTaTUCTUYECKW 3HAUMMBIX Pa3fiumMiA CPeLHUX ANA NOSTYYeHHBIX FPYNM NPOBOAMIM METOLOM OAHO(AKTOpPHOro Auc-
nepcvoHHoro aHanusa ANOVA.

Pesynbmamel. U3 obuiero Konmdectsa naumenToB (n1=231) 230 cooTBETCTBOBANM YCTaHOBNIEHHBIM KPUTEPUAM BKJTOYeE-
HWA B UccnefioBaHKe. IKCnepTbl 0bpaboTtanu no 4 uccnefoBaHUs CTaHAAPTHOM U HU3KOA03HOM KOMMbIOTEPHOM TOMOrpaduu
C NIEFOYHBIM M MAMKOTKAHHBIM KepHeNnaMu A1 Kaxaoro nauueHTa. [lons naumeHToB € HOpMalbHbIM BecoM cocTasuna 31%
(71 yenoBseK), MeaaHa MHAEKCa Macchl Tena Ans BbIBopKM paBHa 27,5 (18,3; 48,3) kr/m2. CTaTUCTUYECKM 3HAUNMBIX Pa3/INumil
MpU MEXTPYNMNOBOM MOMNapHOM CPaBHEHUM HE BbISIBNEHO HU [ GUHApHOM, HW 1A B3BELLEHHOM KiaccudmKkaumm (p-value
0,09 1 0,12 cooTBeTCTBEHHO). [PyNNa NaLMEHTOB C M3OLITOYHLIM BECOM Dblnia LOMOSHUTENBHO pa3feneHa Mo CTENEHAM OXM-
PEHWSl, 0JHAKO Pe3yNbTaTbl UCCeA0BaHUA OKa3aCh MHBAPUAHTHbI K TaKOMY AEeNeHUto (CTaTUCTUYECKM 3HAUUMBIX pasnnymnin
HET: ANA MaKCMMaIbHO Pa3fIMYHbIX N0 MHAEKCY Macchl Tena rpynn «HopMax W «oxupeHue 3-n ctenequ» p-value 0,17).

3arnoyenue. NHaeKe Macchl Tenia NaUMEHTa He BAMSIET HA MHTEPNPETaUMI0 CTaHAAPTHOM W HU3KOA03HOM KOMMbBIOTEPHOM
TOMorpaduu opraHoB rpyaHoi knetku npu COVID-19 no Bu3yanbHoi nonykonudecteeHHoM Lkane KT 0-4.

KnioueBble cnoBa: MHAEKC Maccbl Tena; cornacke Mex[y 3KCMepTamu; KOMMbloTepHas ToMorpadus; HU3KOAO03Has
KoMnbloTepHas ToMorpadus; COVID-19.
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Impact of body mass index on the reliability
of the CT0-4 grading system:
a comparison of computed tomography protocols
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ABSTRACT

BACKGROUND: The increased frequency of chest computed tomography utilization in the fight against COVID-19 has made
usage of low-dose computed tomography necessary to reduce the radiation dose while preserving diagnostic quality. However,
in the published literature, there were no data on the effect of body mass index on low-dose computed tomography accuracy
in patients with COVID-19.

AIM: To assess the effect of patient body mass index on the level of agreement between radiologists interpreting
standard-dose computed tomography and low-dose computed tomography in COVID-19-associated pneumonia using visual
semiquantitative CT 0-4 scale.

MATERIALS AND METHODS: In this retrospective multicenter study, each participant underwent two consecutive chest
scans at a single visit using standard-dose and low-dose protocols. Standard-dose and low-dose computed tomography with
pulmonary and soft tissue kernels were interpreted using a visual semiquantitative CT 0-4 grading system. Data for each
protocol were grouped by body mass index value (threshold value for pathology was equal to 25 kg/m?). Agreement was
calculated based on binary and weighted classifications. One-way ANOVA analysis of variance was used to assess the presence
of statistically significant differences in the mean for the groups.

RESULTS: Two hundred thirty patients met the established inclusion criteria for the study. The experts processed 4 studies
for each patient: standard-dose and low-dose computed tomography with pulmonary and soft tissue kernels. The proportion of
normal-weight patients was 31% (71 subjects), and the sample’s median body mass index was 27.5 (18.3; 48.3) kg/m?2. There
were no statistically significant differences in intergroup pairwise comparisons for both the binary and weighted classifications
(p values were 0.09 and 0.12, respectively). The group of overweight patients was further subdivided according to the degrees
of obesity; however, the results were invariant to this division (no statistically significant differences: for the most different
body mass index groups “normal” and “3rd degree obesity” p-value 0.17).

CONCLUSION: Body mass index does not affect chest standard-dose and low-dose computed tomography interpretation in
COVID-19 using the visual semiquantitative CT 0—4 grading system.

Keywords: Body mass index; Reproducibility of findings; X-ray computed tomography; SARS-CoV-2 infection.
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BACKGROUND

Computed tomography of the chest (chest CT) plays a
unique role in the diagnosis of coronavirus disease 2019
(COVID-19) [1]. A visual semi-quantitative scale of pulmonary
parenchyma damage (CT 0-4) is currently used to assess
the severity and predict the course of COVID-19-associated
pneumonia [2]. Considering the increased frequency of CT use
in patients with COVID-19, a low-dose computed tomography
(LDCT) must reduce the radiation dose while maintaining the
diagnostic value of this method [3]. An LDCT is proved not
to be associated with DNA damage. In contrast, a standard-
dose CT was associated with an increase in DNA double-
strand breaks and chromosome aberrations [4].

A high body mass index (BMI) is known to be one of the
factors of an unfavorable COVID-19 infection course [5].
However, a chest LDCT has limited application in patients
with BMI >35 kg/m? [6]. A. Manowitz et al. reported previously
[7] that in patients with high BMI, radiation exposure from
abdominal CT could be reduced without diagnostic quality
impairment. N.S. Paul et al. [8] assessed the effect of obesity
on the coronary CT-angiography effectiveness and noted a
strong correlation between BMI and image noise in both
men (r = 0.66) and women (r = 0.85) with increased body
weight. The authors concluded that when reducing radiation
exposure, patient's BMI should be considered. However, at
the time of preparing this article, no data about the impact of
BMI on LDCT accuracy in COVID-19 patients could be found
in the literature.

This study aimed to evaluate the effect of a patient’s BMI
on the reliability of standard-dose and low-dose chest CT
findings in COVID-19-associated pneumonia and the accuracy
of their interpretation by different radiologists using a visual
semi-quantitative scale CT 0-4.

Null hypothesis

A BMI does not affect an inter-rater agreement rate when
assessing the severity of COVID-19-associated pneumonia
with standard-dose and low-dose chest CT using a CT 0-4
scale.

MATERIALS AND METHODS
Study design

A retrospective study was conducted using materials that
were obtained in the previous prospective multicenter study,
“LDCT in COVID-19 Pneumonia: a Prospective Moscow Study”
(registered in ClinicalTrials.gov under NCT04379531 on April
25, 2020) [9].

Eligibility criteria

Inclusion criteria. Patients aged =18 yr who received
treatment in two state outpatient clinics in Moscow for
suspected COVID-19-associated pneumonia and symptoms
of acute respiratory viral infection.
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Exclusion criteria. Patients with incomplete data (height,
weight, and BMI); pregnant and lactating women; patients
with foreign bodies in the area to be scanned.

Conditions of the study

Each patient underwent two consecutive chest CT scans
during a single visit (using standard-dose and low-dose
protocol). CT findings were analyzed by 10 radiologists
with 3 to 25 yr of experience, who were trained in the
interpretation of COVID-19-associated pneumonia. Modified
FAnTom software was used to provide online access to
anonymized data for an assessment of the disease severity
using the CT 0-4 scale [9, 10]. Radiologists were randomly
assigned with CT and LDCT scans reconstructed using lung
and soft tissue kernels with each study independently and
blindly interpreted by two specialists.

Study duration

Data from chest CT and LDCT were collected from May 6
to May 22, 2020.

Description of medical interventions

A 64-slice CT scanner (Aquilion 64, Canon, Japan)
was used to perform a chest CT scan without using any
iterative reconstruction algorithms. Two chest CT protocols
were employed: a standard-dose protocol provided by the
manufacturer and a previously developed low-dose protocol
for COVID-19.

For chest CT, the current is automatically adjusted over
the entire scan length within the range of 40-500 mA as
long as the noise level for 5.0 mm slices is 10 (standard
deviation).

For chest LDCT, the current is automatically adjusted
over the entire scan length in the range of 10-500 mA as
long as the noise level for 5.0 mm slices is 36 (standard
deviation).

Additional CT parameters (the same for CT and LDCT) are
voltage (120 kV), rotation time (0.5 s), direction (outward, from
the legs to the head), XY modulation (enabled), collimation
(64 x 0.5 mm), and helix pitch (53.0). Scanning was performed
at peak inspiratory depth. The average scanning time was 6 s
(depending on individual body features). Examinations were
performed without any contrast enhancement.

Image reconstruction parameters were the same for
standard-dose CT and LDCT: matrix 512 x 512; D-FQV
350 mm; scanning length 300 mm; reconstruction core
(kernel) FC51 (pulmonary kernel) and FCO7 (soft tissue
kernel); slice thickness 1.0 mm; increment 1.0 mm.

Primary study outcome

This study evaluated the impact of BMI on the quality
of chest LDCT interpretation in patients with COVID-19-
associated pneumonia. A standard-dose CT protocol was
used as a comparison method. The results were interpreted
using a visual semi-quantitative CT 0-4 scale.
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Ethical review

This paper is based on a study from the Independent
Ethics Committee of the Moscow Regional Branch of the
Russian Society of Roentgenologists and Radiologists with
approval no. 03/2020. All patients signed informed voluntary
consent.

Statistical analysis

The inter-rater agreement rate for each patient was

assessed by formulas (1) and (2) for the following protocols:

» standard-dose CT with lung kernel (reconstruction
filter) FC51 (Sharp CT);

+ standard-dose CT with soft

(reconstruction filter) FCO7 (Soft CT);

+ low-dose CT with lung kernel (reconstruction filter)

FC51 (Sharp LDCT);

+ low-dose CT with soft tissue kernel (reconstruction

filter) FCO7 (Soft LDCT).

Data for each protocol were divided into two BMI groups:
normal BMI (<25 kg/m?) and overweight BMI (=25 kg/m?) [11].
The inter-rater agreement rate for each subgroup was
reported as the mean value with standard deviation.

Data were processed using R, version 4.0.4, dplyr,
ggplot2, and irr packages [12].

The agreement rate was calculated as a percentage based
on the absolute difference between the scores of two raters:

|A| = [rater1 - rater2| (1.

tissue kernel

Disagreements were interpreted in two ways:

1. Binary classification, which was not sensitive to numerical
difference between scores (A). If there was no difference
between the scores of two raters (|A| = 0), the agreement
rate was 100%. If there was any difference between
scores (|A] # 0), the agreement rate was equal to 0%.

2. A weighted classification considered a numerical
differences between the scores of two raters (4), as well
as a threshold percentage of lung damage, which was
used as the reason for hospital admission:

Agreement rate = (1 — | A | ) = 100, (2)

AIT]HX
where A is the difference between raters’ scores for the
current study according to formula (1); A, is the maximum
possible score difference (A, = 4, four categories of CT 0-4
scores). In this study, the weighted agreement score was a
discrete value and ranged from 0% to 100% with increments
of 25%. Agreement rates of 0%, 25%, 50%, 75%, and 100%
corresponded to differences in four, three, two, and one
categories and complete agreement, respectively.
Statistically significant differences in means for the
groups obtained were assessed by one-way analysis of
variance (ANOVA) [13]. First, the quality of variances of the
study groups were statistically analyzed using the Levene
test [14]. Next, ANOVA was performed for the equality of
means, considering data on the equality of variances. The
agreement rate between radiologists was a dependent
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variable. A BMI (binary classification, normal weight, and
overweight) and CT protocol (Sharp CT, Soft CT, Sharp
LDCT, and Soft LDCT) were used as independent variables.
A retrospective analysis using Tukey’s honestly significant
difference (HSD) test was performed to determine numerical
p-values for inter-subgroup differences, [15]. A statistical
significance level of 0.05 was used for all comparisons.

RESULTS

The total number of patients selected was 231, and 230
of them were included in the study (one patient had no BMI
data). In the selected cohort, 55.6% were women. The mean
age of patients was 47 + 15 yr. For each patient, CT and LDCT
findings were obtained and reconstructed using pulmonary
and soft tissue kernels.

The main descriptive statistics for the whole population
were as follows: range (18.3; 48.3) kg/m? median 27.5 kg/m?,
mean 27.9 + 5.6 kg/m? distribution did not correspond to a
normal one (p-value < 0.01), the asymmetry coefficient was
0.9 (significant right-sided asymmetry).

The following are patient categories by BMI: non-
overweight (BMI < 25 kg/m2), 31% (71); overweight (BMI
>25 kg/m?), 69% (159).

Using the Sharp LDCT protocol, the highest agreement
rate for patients with normal BMI was obtained: 83.5% and
92.8% for binary and weighted classifications, respectively
(Figure 1; Table 1). The Soft LDCT protocol had the lowest
agreement rate for patients with normal BMI: 64.9% and
86.9% for binary and weighted classifications, respectively.

For overweight patients, the highest inter-rater
agreement rate was recorded for Sharp CT (71.2% and
88.4% for binary and weighted classifications, respectively).
The lowest agreement rate for this group of patients was
observed when using the Soft CT protocol: 64.4% and 86.4%
for binary and weighted classifications, respectively) (Figure
1 and Table 1).

The greatest difference in the homogeneity of
interpretations between normal weight and overweight
patients was observed using the Sharp LDCT protocol (the
mean difference 16.1% and 4.5% for binary and weighted
classifications, respectively). The least heterogeneous
interpretation was recorded when using Sharp CT and Soft
LDCT protocols. The mean difference did not exceed 1% for
any of the classifications (Figure 1 and Table 1).

ANOVA

A one-way ANOVA was performed to analyze
differences between interpretations of radiologists based
on BMI, scanning, and reconstruction protocol. This analysis
demonstrated no statistically significant differences between
the mean agreement rates for normal weight and overweight
groups and for all four protocols using both binary
classification (p = 0.13 for protocol and p = 0.18 for BMI) and
weighted classification (p = 0.18 and p = 0.14, respectively).
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Fig. 1. An inter-rater agreement diagram for binary (a) and weighted (b) classifications by body mass index (gray: overweight group,

black: normal weight group).

Table 1. Numerical inter-rater agreement values (%) for binary (light gray) and weighted (dark gray) classifications

Value Sharp CT Soft CT Sharp LDCT Soft LDCT
Normal Overweight Normal | Overweight Normal | Overweight Normal Overweight
Mean 72.2 71.2 69.1 64.4 83.5 67.4 64.9 65.9
SD 45.1 45.4 46.5 48.1 37.3 47.0 48.0 47.6
Mean 89.4 88.4 88.4 86.4 92.8 88.3 86.9 86.4
SD 18.7 19.6 19.8 19.9 16.9 18.4 19.5 21.3

In addition to comparing mean agreement rates, we
evaluated the variability of raters’ scores depending on
BMI and imaging method. With the Levene test, differences
in binary and weighted classifications allow to accept the
hypothesis about the equal variances in study groups.

Subgroup differences were evaluated using post hoc
analysis with a Tukey's HSD test (Figure 2). For all compared
pairs, 95% confidence intervals included “0” for both binary
(Figure 2a) and weighted (Figure 2b) classifications. This
indicates no statistically significant differences in radiologist
interpretations for different BMI groups and imaging methods.

For binary classification, the minimum p-value was
0.22 for comparing Sharp LCDT in normal weight patients and
Soft CT in overweight patients; the minimum p-value for one
protocol was 0.65 (Sharp LDCT). For weighted classification,
the minimum p-value was 0.08, and the minimum p-value for
each protocol was 0.36 in similar groups.

An additional ROC-analysis (receiver operating
characteristic) of study groups allowed to determine the
optimal BMI threshold for predicting the level of compliance,
equal to 26.24 kg/m?. For this threshold, repeated ANOVA
confirmed that there were no statistically significant
differences in variances (p-values were 0.13 and 0.09
for binary classification and 0.18 and 0.12 for weighted
classification for protocol and BMI, respectively) and means
(p-values were similar) of study groups for each protocol. For
both classification types, the minimum p-value was recorded
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for comparing normal weight and overweight groups using
the Sharp LDCT protocol, which was 0.65 and 0.15 for binary
and weighted classifications, respectively.

An additional analysis was performed using the
“overweight,” “class 1 obesity,” “class 2 obesity,” and “class
3 obesity” groups in consideration of the original population
to “overweight” (BMI of [25; 30] kg/m?). For all protocols,
the analysis showed no statistically significant differences
for both types of classifications (the minimal p-value
was recorded for “normal weight” and “class 1 obesity”
groups, and it was 0.09 and 0.08 for binary and weighted
classifications, respectively). For “normal weight” and “class
3 obesity” groups with the largest BMI difference, p-value
was 0.17.

Additionally, a series of studies was analyzed with inter-
rater CT 0-4 disagreements in more than one category. There
were 26 series identified. After reviewing each case, these
disagreements may be divided into two groups.

The first group consisted of 15 series (58%), for which
both raters confirmed the presence of COVID-19-associated
abnormalities (CT1 and higher score) but have disagreements
regarding the degree of lung tissue damage. This may be due
to the preferred scanning plane (axial, frontal, or sagittal) and
direction (apices to diaphragm or diaphragm to apices), as
well as to the presence of manifestations of different temporal
stages of viral pneumonia, for example, simultaneously
“frosted glass” and “cobblestone pavement.” Since COVID-19
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Fig. 2. A post-post-hoc analysis of our hypothesis for the similarity of means: (a) binary classification; (b) normalized classification (Sharp

CT, Soft CT, Sharp LDCT, and Soft LDCT protocols are coded with A, B, C, and D, respectively; the normal weight group is coded with “1";
the overweight group is coded with “2").
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pneumonia is more severe in basal lung regions, axial sliding
from the diaphragm to apices can lead to an upward bias for
the severity of abnormalities assessed by the rater with higher
CT 0-4 score. Use of sagittal multiply or 3D reconstructions
allows to “capture” these abnormalities immediately, reducing
the risk of overestimating the lesion severity. Inter-rater
disagreements in the first group suggested the significant
effect of human factor in visual assessment of the disease
severity as well as the need to study the capabilities of systems
for automatic lung parenchyma densitometry.

The second group consisted of 11 series (42%), for which
one of the raters did not confirm the presence of COVID-19-
associated abnormalities (CTO score). This was related to
false positive cases (hypostatic changes in the basal parts
of lungs with a high a priori probability of infection) as well
as the fact that the CT 0-4 classification does not provide a
way to express the probability of COVID-19 origin of these
abnormalities. In the second group, inter-rater differences
highlight the value of a joint application of CO-RADS and CT
0-4 classifications.

DISCUSSION

This study evaluated the agreement rate for assessments
of chest CT and LDCT by different radiologists using a CT
0-4 scale, depending on weight and reconstruction kernel
in patients with COVID-19-associated pneumonia. A
comparative analysis showed no statistically significant
differences. Sizes of samples compared needed to be
balanced by BMI groups, so patients were divided into two
classes by BMI (“normal weight” and “overweight”), which
could affect the interpretation of results. An additional
analysis, however, revealed the invariant qualitative result
(“no statistically significant differences were found”) for the
“obesity” category. Given the limitations of this study, we can
conclude that BMI does not have any significant effect on the
agreement rate when assessing the lung damage using a CT
0-4 scale. Therefore, the scanning protocol can be selected
regardless of the patient’s BMI.

Our study provides us with the additional justification for
choosing the lowest possible radiation dose for patients with
COVID-19, because the increased BMI has no impact on the
diagnostic quality of images when using the CT 0-4 scale,
so the kernel can be selected solely at the discretion of a
radiologist.

In 2016, T. Kubo et al. [16] compared the diagnostic
capabilities of LDCT (50 mAc) and CT (150 mAc) for the
routine chest examination. Three radiologists independently
analyzed 118 2-mm image series (two series for each
patient in the sample) and assessed abnormalities, such as
emphysema, frosted glass, reticular changes, micronodules,
bronchiectasis, honeycomb lung, nodules (>5 mm), aortic
aneurysm, coronary artery calcification, pericardial and
pleural effusions, pleural thickening, mediastinal masses, and
enlarged lymph nodes. According to the authors’ conclusion,
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which is consistent with our data, the LDCT protocol can be
used in the routine radiological practice.

CT scans are said to be of lower quality (with lower
signal-to-noise ratio) when using the low-dose protocol
compared with standard-dose CT [17]. Therefore, additional
methods should be used to improve the scanning quality,
especially in patients with increased body weight. One of
such methods is using iterative reconstructions [18].

D.A. Filatova et al. [19] compared CT and LDCT of the chest
in patients with COVID-19, using iterative reconstructions.
The sample size was 151 patients. No significant losses of
diagnostic information during the chest LDCT were revealed
compared with the standard-dose CT, so the chest LDCT can
be used in routine practice for the diagnosis of COVID-19 [19],
and this confirmed our results. The aforementioned study,
however, did not evaluate the effect of BMI on the scanning
quality, unlike our study.

Moreover, the method using effective radiation doses
<0.3 mSv and iterative reconstructions has limitations for
patients with interstitial pneumonia/emphysema and BMI
>25 kg/m? [20].

Study limitations

Our study has some limitations. Only one model of CT
scanner was used. The recommended protocols for other
models and manufacturers may differ from those used by
us. To interpret findings, only the subjective assessment of
radiologists using a CT 0—4 scale was used. Our conclusions
are based on the analysis of the sample, without grouping
by the degree of obesity. As shown, however, the qualitative
outcome was invariant for this parameter.

CONCLUSION

Therefore, considering the above limitations, we can
conclude that there are no significant effects of BMI on
the interpretation of the chest CT and LDCT in patients with
COVID-19 using a visual semi-quantitative CT 0-4 scale.
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OueHKa nokasaresied rnob6asbHOU NPOAOCSILHOM
AedopMaumm nesoro npeacepaus B AUarHoCcTUKe
KapAUOTOKCUYHOCTU

A.B. l0cynoga’, 3.C. 0cynos?

! Knunnueckas GonbHuua Ceatutens Jlykn, CankT-Metepbypr, Poccuiickas Qeaepauns
2 Cepepo-3anajHblit OKPYIKHOI Hay4HO-KIIMHYECKMi LeHTP uMenn J1.T. Coxonosa, CaHkT-TeTepbypr, Poccuiickas ®eaepauus

AHHOTALUNA

LLnpokuii cnekTp KpaiiHe 3 dEeKTUBHBIX XMMMOTEpaNeBTUYECKUX NpenapaToB 06nafaeT HeraTMBHBIM BUSIHUEM Ha cep-
AEYHO-COCYAUCTYH0 CUCTEMY, HUBEIMPYS YCTIEXM OHKONIOMMYECKOro leveHuns. B cBA3M C 3TUM paHHAS AMarHoCTUKa KapaMoTOK-
CMYHOCTV UMEET KpaliHe BaXHOE 3HaYeHWe, No3BOJIAS BOBPEMSA NPUMEHATb NpodUNaKTMYeckve 1 neyebHsle MeponpuaTHs.

Onpepenenne ¢pakumn Bbibpoca NEBOr0 XeyAo4yKa C MOMOLLbK 3XOKapavorpaguu — 6a30BbIA HEMHBA3WBHBIN UH-
CTPYMEHTasbHBIN METOL, OLEHKU CepAeYHOM BYHKLMM 1 rNaBHbIA OPUEHTUP B BONPOCAX AMArHOCTUKM CEpPAEYHON AUCPYHK-
UMM Ha poHe xumuoTepanuu. OgHaKo Npu CyBKNMHUYECKOM NopaXeHUM NoKasaTesb AOSIT0 MOXKET 0CTaBaThCs HOPMASbHBIM,
a TaKXKe UMeTb BbIPAXKEHHYI0 MEXOMepaTopcKyl BapuabenbHOCTb U 3aBMCMMOCTb OT 00BEMHOW Harpy3ku. CneumanucTbl
MOCTOSIHHO HaxXOAATCA B MOUCKE OMTMMAaNbHbIX 3XOKapAMorpaduUyecKux napameTpoB, NO3BONSIOLLMX AMArHOCTUPOBaTb Cep-
Ae4Hylo AMChYHKLMIO Ha paHHKX cTapusx. AHanu3 rnobanbHoM NpoaonbHOM AedopMaLmMm NeBoro NpeAcepams npeLcTaBna-
€TCA NepPCreKTMBHLIM METOLOM ANS AaHHBIX Liefeit. bonbluoe KoNMYECTBO HAKOMNEHHbIX AAHHBIX NO3BOJIAET FOBOPUTH O TOM,
uyTO JIeBOE NpefcepAune ABMIAETCA He NPOCTO KaMepoi-KOHAYUTOM, a OTPaXKaeT [aBfeHWe HaNoNHEHWs NEBOTO Xenyaouka,
ABNSAACh YyBCTBUTEIbHBIM MApKEpPOM €ro CUMCTONIMYECKON U ANaCTONMYECKON OUCHYHKLMM.

B 0b3ope npeacTaBneH aHanu3 MMEIOLLMXCA HA HACTOALUMIA MOMEHT UCCIEA0BaHUIA MO MPUMEHEHWI0 METOAMKW OLIEHKM
rnobanbHoW NpoAoNbHOM fedopMaumy NeBOro Npeacepavs B AWArHOCTUKE cepAeyHoi AMChYHKUMM Ha BhoHe MPUMEHEHNS
KapAMOTOKCUYHBIX NpenaparTo..

KnioueBble cnoBa: nesoe npeacepane; KapAMOOHKONOMUSA; KapAMOTOKCUYHOCTb; CTPENH; 3XoKapauorpadus; cepAeyHas
AUCHYHKLMS; aHTPaLMKIUHBI.
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Left atrial longitudinal strain analysis
in diagnostic of cardiotoxicity

Anastasiya V. Yusupova', Einar S. Yusupov?

! Clinical Hospital of St. Luke, Saint-Petersburg, Russian Federation
2 North-Western District Scientific and Clinical Center named after L.G. Sokolov, Saint Petersburg, Russian Federation

ABSTRACT

A wide range of extremely effective chemotherapy drugs has a negative effect on the cardiovascular system, leveling
oncological treatment success. Early diagnosis of cardiotoxicity is very important, allowing timely application of preventive
and therapeutic measures. Left ventricular ejection fraction evaluation using echocardiography is the basic non-invasive
instrumental method to assess cardiac function and the main guideline in cardiac dysfunction diagnosis during chemotherapy.
However, if dysfunction is subclinical, the ejection fraction can remain normal for a long time, and also has a pronounced
inter-operator variability and dependence on volumetric load. Specialists are constantly in search of optimal echocardiographic
parameters that allow early-stage cardiac dysfunction diagnosis. Analysis of the global longitudinal deformation of the left
atrium seems to be a promising method for these purposes. A large amount of accumulated data suggests that the left atrium
is not just a conduit chamber, but a reflection of the filling pressure of the left ventricle, being a sensitive marker of its systolic
and diastolic dysfunction. This review presents an analysis of currently available studies on applying the methodology for
assessing global longitudinal deformation of the left atrium in cardiac dysfunction diagnosis in the use of cardiotoxic drugs.

Keywords: left atrial function; transthoracic echocardiography; cardiotoxic agent; left ventricular dysfunction; anthracycline.
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INTRODUCTION

Advances in modern oncology care have significantly
increased the survival of cancer patients over recent
decades. New chemotherapy drugs continue to be actively
developed and introduced into clinical practice. The methods
for detecting and diagnosing early cancer are improving.
However, the short-term and long-term side effects of
chemotherapy, such as death from heart and vascular
diseases, have a significant effect on cancer mortality [1].
According to epidemiological studies, in patients successfully
treated for cancer, the risk of cancer recurrence is eventually
outweighed by the risk of cardiovascular diseases and their
complications [2]. Cardiovascular mortality in childhood
cancer survivors increases significantly after the age of
60 yr, which indicates a delayed effect of both the disease
itself and treatment consequences [3]. Therefore, this patient
population is the increasing focus of general practitioners
and cardiologists. This is related to the general population
aging as well as the fact that most cancer patients are in the
age group of 65 yr and older [4]. As a result, both patients
and healthcare systems have an increased burden, including
financial [5].

It is now clear that this population requires a
multidisciplinary approach. Cardio-oncology is a relatively
new therapeutic area that focuses on patients receiving
various types of cancer treatments that carry potential risks
to the cardiovascular system. The systematic approach of this
rapidly developing healthcare field is focused on screening,
risk stratification, prevention, follow-up, and treatment of
patients receiving chemotherapy and radiological treatment
[6]. Cardiotoxicity is not limited to damage to the left ventricle
(LV). It can be manifested by rhythm disturbances, damage to
the pericardium and heart valves, coronary arteries, as well
as arterial and pulmonary hypertension [7]. Simultaneously,
some chemotherapy drugs cause rapid and early damage
to the cardiovascular system, while side effects of other
drugs appear only in many years [8]. Studies demonstrate
the significance of the early detection of heart dysfunction
(HD) signs, which in turn helps initiate timely treatment and
prevent irreversible cardiac damage [9]. Echocardiography
(Echo) plays a leading role in the diagnosis of this condition.

ECHOCARDIOGRAPHY
FOR THE DIAGNOSIS OF CARDIOTOXICITY

Echocardiography is the basic diagnostic method in cardio-
oncology. Measuring left ventricular ejection fraction (LVEF)
using two-dimensional echocardiography remains one of the
main tools in diagnosing cardiotoxicity signs and symptoms
due to its availability and safety. It does, however, have some
limitations, such as the inter-operator variability and the
effect of image quality on the result. The ejection fraction (EF)
is a volume-dependent parameter, and this often becomes
critical for cancer patients, who are often hypovolemic due
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to vomiting, diarrhea, and loss of appetite [10]. LVEF does
not change until the complete exhaustion of compensation
mechanisms and significant myocardial damage, which
makes it difficult to diagnose early cardiotoxicity using only
this parameter [11].

The two-dimensional speckle-tracking Echo with global
longitudinal strain (GLS) evaluations of the LV improves the
diagnosis of HD, including the subclinical form, by diagnosing
even minimal changes in LV function [12]. However, this
parameter is also dependent on preload [13]. The LV strain is
well reproducible in serial measurements and can be useful
in identifying risk groups for heart damage, watchful waiting,
and early decision-making on the initiation of cardioprotective
therapy [12, 14].

Currently, there is the concept of a strain-oriented
strategy in oncological cardioprotection [15]. A randomized,
controlled, multicenter study (Strain Surveillance of
Chemotherapy for Improving Cardiovascular Outcomes) [10]
was conducted from 2014 to 2019 and included 331 patients
treated with anthracyclines. The results of this study were
inconsistent. In the group of strain-oriented and conventional
cardioprotective strategies, the EF was not statistically
significantly different at the end of the study, so the primary
endpoint was not reached. The subgroup sub-analysis
revealed that LV strain-guided cardioprotective treatment
significantly reduced a meaningful fall of LVEF to the
abnormal range [16]. These results highlight the need for
further research to determine whether the LV strain may be
better than EF in identifying selected patient populations who
would benefit from cardioprotective treatment to prevent
cancer therapy-associated HD [10].

In 2021, the British Society of Echocardiography and the
British Cardio-Oncology Society defined the following Echo
criteria for cardiotoxicity: a decline in LVEF by >10% (absolute
percentage points) from baseline to a value <50% (LVEF of
50 up to 54% is considered borderline and requires further
information to decide if there is HD). When it comes to LV
strain, a decline of <15% is considered abnormal, while
only one episode of such decrease should be interpreted
considering the whole clinical picture, as well as additional
data, such as laboratory markers and results of other
imaging techniques [17]. The authors of these guidelines
emphasize that there are “grey zones” that can be seen in
both the subclinical HF and normal condition, despite the
integral Echo assessment of contractile function.

DIASTOLIC FUNCTION
AND CARDIOTOXICITY

The measurement of diastolic function is also
recommended in patients receiving cardiotoxic treatment, but
its prognostic role is still unclear. Diastolic dysfunction, which
is characterized by increased LV filling pressure, significantly
increased the risk of cardiovascular events in the general
population [18]. Studies in cancer patients demonstrate
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inconsistent results and are often limited by a small sample
size and a high heterogeneity of chemotherapy regimens.

The meta-analysis by M. Nagiub et al. [19] studied the
predictive ability of diastolic parameters in the detection
of doxorubicin-induced cardiomyopathy and showed that
Doppler parameters E (p = 0.003), E/A ratio (p < 0.0001),
lateral e’ (p < 0.005), and s' (p = 0.01) were significantly
associated with the systolic function worsening in this group
of patients over a long follow-up period. However, the
authors highlighted that only 4 of the 17 studies included in
the meta-analysis were optimally designed and had all serial
diastolic measurements.

A prospective study by J.N. Upshaw et al. (n = 362) [20]
also studied changes in diastolic parameters during treatment
with anthracyclines with/without trastuzumab. Study
participants demonstrated a persistent diastolic function
deterioration with decrease in the E/A ratio, lateral and septal
e’ velocity, and increase in the E/e’ ratio E/e’ (p < 0.01) by
Month 6. The abnormal diastolic function was observed in
60% of cases after 1 yr, 70% after 2 yr, and 80% after 3 yr.
The impaired function was associated with a subsequent
decrease in LVEF and progressive longitudinal deformity of
the LV. The authors concluded that comprehensive breast
cancer therapy is associated with a moderate persistent
deterioration in diastolic function with a low risk of the
subsequent HD.

A meta-analysis of 13 studies (n = 892) by R.I. Mincu et
al. [21] demonstrated that in patients without pre-existing
heart disease who received anthracyclines, treatment had a
modest effect on the E/A ratio (p < 0.001) with no change in e’
and E/e’. The authors of this meta-analysis point to multiple
limitations of studies and their heterogeneity with the high
risk of bias, so randomized trials are required with large
samples using new echocardiographic parameters (such as
diastolic strain).

The aforementioned studies of diastolic function in
patients receiving cardiotoxic treatment indicate the need for
more careful monitoring of cancer patients and identifying an
abnormal diastolic profile. Further research is also needed.

To sum up, we can say that there are still some questions,
gaps, and “grey zones” related to the echocardiographic
diagnosis of HD associated with the use of cardiotoxic drugs
with a focus on its early signs, which should be detected to
prevent irreversible myocardial damage.

LEFT ATRIUM FUNCTION
AND CARDIOTOXICITY

Cardiac imaging professionals are constantly looking
for available reproducible techniques and parameters that
can be routinely used in clinical practice for the consistent
serial evaluation with minimal inter-operator variability and
maximum angle- and volume-independence. It is important
to note the growing interest of researchers in the function
of the left atrium (LA). Large studies have demonstrated
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an independent predictive value of LA size in patients
with heart failure, so this parameter can be considered a
possible global prognostic indicator of the population [22,
23]. After developing the invasive techniques, such as 3D
and speckle tracking Echo, it became clear that the LA is not
just a conduit chamber for filling the LV. The close dynamic
relationship between the LV and the LA makes it a kind
of mirror reflecting the function of the LV and modulates
its filling pressure through the reservoir, conduit, and
contractile phases [24, 25]. The LA adapts to changes in the
LV compliance by changing its own function and mechanics
[26]. Over the past decade, there has been a rapid increase
in publications on using speckle-tracking Echo for LA strain
assessment. These data are used to assess both diastolic
and atrial functions [27, 28]. The method demonstrates a
good correlation with computed tomography and magnetic
resonance imaging of the heart as well as with invasive
measurements [29-31]. Although the deformation of the LA
is not completely independent of the preload, its conditions
appear to have less effect on the deformation of the LA
than on its volume [32]. Simultaneously, different phases
of LA contraction have some specific characteristics. For
example, reservoir and contractile functions decrease until
the symptoms of heart failure occur, the LA dilates, and
non-invasive LV filling pressure increases, which allows to
diagnose the diastolic dysfunction at the preclinical stage
[33]. Evidence has been obtained during the past 10 yr in
favor of using changes in parameters of the GLS of the
LA as the only marker of LV diastolic dysfunction [28, 34].
We can say that LA deformity, indicating LV compliance,
can be used as a significant indicator of LA dysfunction
and an early marker of diastolic dysfunction when general
echocardiographic parameters are still normal [35]. A meta-
analysis by F. Pathan et al. [36], which included 30 studies
(with 2,038 healthy volunteers), demonstrated the following
normal levels of global longitudinal LA strain parameters:
reservoir strain (ER) 39% (95% confidence interval (Cl) 38—
41), contractile strain (ECT) 18% (95% ClI 16—19), and conduit
strain (ECD) 23% (95% CI 21-25).

In cardio-oncological imaging, the LA function remained
unstudied for a long time, since the focus was completely
shifted to the LV. Its function (volume) was indirectly
evaluated by examination of diastolic function. In recent
years, the LA strain analysis has attracted the close attention
of specialists involved in the diagnosis of cardiotoxicity.

The very first study of LA strain and cardiotoxicity was
conducted in 2013 by I. Monteet al. [37] in a small sample
of patients with multiple sclerosis (n = 20) treated with
mitoxantrone. This prospective study showed a decrease in
the global LA strain by the end of treatment (10 months vs.
0 months: 15.2 £ 12.5 vs. 20.2 + 11.1, p < 0.05). Cardiotoxic
anthracycline drugs and epidermal growth factor inhibitors
were the main focus of the subsequent studies, but other
groups have also been studied. For example, the study by
A. Sonaglioni et al. [38] included patients (n = 28) receiving
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bevacizumab (an inhibitor of the biological activity of vascular
endothelial growth factor) for bowel cancer. Echo was
performed before the start of treatment, then after 3 and
6 months with measuring positive and negative LA strain
(ECD and €CT). After 6 months, no statistically significant
changes in the parameters were observed. In subgroups
of patients developing cardiotoxicity-associated HD, it was
found that in patients with HD, basal echocardiographic
characteristics indicating increased LV filling pressure were
statistically significantly higher, including a higher E/e’ ratio
(p = 0.01) and lower baseline €CD (p = 0.007). Accordingly,
the observed changes could be predictors of HD. Similar data
were obtained in a prospective study by J. Meloche et al.
(n=571) [39]: In nine patients who achieved the cardiotoxicity
criteria, treatment with anthracyclines and trastuzumab
was associated with a lower basal ER (50.0% = 9.6% vs.
45.6% + 4.9%, p = 0.058) and ECT (30.1% + 8.0% vs.
24.3% + 4.6%, p = 0.008). Of them, seven demonstrated an
increase in ECT, probably due to compensating the reduced
LV function. At all phases of treatment, this group of patients
showed an early decrease in LA function: ECT by Month 3
(29.5 £ 7.6 vs. 27 + 8.5, p = 0.008), ER (49.7% + 8.8% vs.
44.6% + 10.4%, p < 0.001), and ECT (20.2% + 4.6% vs.
17.3% + 5.3%, p < 0.001) by Month 6.

R. Emerson et al. (n = 51) [40], M. Laufer-Perl et al.
(n = 40) [41], S. Moustafa et al. (n = 68) [42], J. and Moreno
et al. (n = 52) [43] showed a statistically significant decrease
in LA strain during anthracycline therapy with or without the
addition of trastuzumab. E. Setti et al. (n = 64) [44] found that
€R and LA volumes can predict the EF trend during 6 months
of trastuzumab treatment.

In contrast, S. Moustafa et al. (n = 56) [45] and Y. Anqi
et al. (n = 40) [46] found no differences in parameters of LA
function associated with chemotherapy. In the first study [45],
this can be explained by using a tyrosine kinase inhibitor as
a study drug, which does not have a direct toxic effect on the
heart muscle and has rather toxic effects on vessels. In the
second study [46], authors pointed out that anthracyclines
were administered in low doses, although the decrease in
LVEF (p < 0.05) and LV strain (p < 0.05) reached statistical
significance. A.T. Timéteo et al. [47] (n = 77) also did not
find any difference in the LA deformity. The most significant
declining trend was observed in ECT, and this is consistent
with the data of J. Meloche et al. [39] and M. Laufer-Perl et
al. [41]. A retrospective study by H. Park et al. (n = 72) [48]
included patients already treated with anthracyclines. They
were subsequently divided into those who developed (n=13)
and did not develop (n = 59) HD. Basal echocardiographic
findings were the same. At the end of chemotherapy, LV
strain (p = 0.002) and €R (p < 0.001) decreased statistically
significantly in both groups. In ROC analysis, 11.7% was the
optimal €R reduction for predicting future HD, with sensitivity
and specificity superior to LV strain. D. di Lisi et al. [49]
(n = 102) assessed LA strain, and they were the first who
determined index of LA stiffness (a new potential predictive

Vol 3 (2) 2022

DAl https://doiorg/10.17816/DD108243

Digital Diagnostics

index, which is the E/e’ to €R ratio). None of the patients
developed clinical signs of HD. However, 53% of the patients
had subclinical dysfunction, so they were divided into two
groups (with and without dysfunction). In both groups, an
early increase in the index of LA stiffness (p < 0.0001) and
a decrease in €R (p < 0.0001) were observed. The authors
concluded that these parameters could detect the early
subclinical HD more accurately than the LV strain [49], and
their conclusions are consistent with the findings of H. Park
et al. [48].

Two cross-sectional studies should be mentioned, which
evaluated long-term effects of anthracycline therapy on LA
function in childhood cancer survivors. VW Li et al. (n = 26)
[50] included men who received anthracycline treatment in
childhood (time without chemotherapy 14.2 + 5.4 yr), and
they were compared with age-matched healthy people.
Cancer patients had statistically significantly lower maximum
(p = 0.009) and minimum (p = 0.017) values of LA volume and
ECT (p = 0.011). The authors suggested that LA remodeling,
which is characterized by a decrease in its contractile
function, was caused by LA fibrosis which was induced by
anthracycline treatment in childhood.

R.W. Loar et al. [51] compared two groups of sex- and
age-matched patients: cancer patients without chemotherapy
for more than 1 yr (n = 45) and healthy individuals (n = 45).
In the first group, there were statistically significantly lower
€R values (p = 0.04) compared with controls. The sub-
analysis identified 11 patients as the lowest quartile with the
lowest €R values. In this group, all patients were statistically
significantly older than the patients in top three quartiles
(p =0.001), who had no changes in diastolic function and LA
strain, regardless of the duration of chemotherapy and doses
of anthracyclines. Therefore, age was the only independent
predictor of decreased LA function after cancer therapy
(p < 0.001). A retrospective observational study by NR Patel
et al. [52] showed the opposite results: Of 55 children, only
those under 12 yr old had statistically significant differences
in LA strain before/after chemotherapy (p = 0.01). As a result,
the long-term effects of ongoing treatment on LA function
have yet to be established, and this will require long-term
observational studies.

In conclusion, we would like to present some data
from a retrospective study by M. Tadic et al. (n = 92)
[53], which showed a decrease in reservoir and conduit
functions of the LA (p < 0.001) in cancer patients before the
initiation of chemotherapy compared with a control group
with comparable characteristics. The authors suggested
that cancer itself may be associated with a decrease
in LA function, regardless of other characteristics, and
consider several hypotheses and potential mechanisms
for this relationship, such as inflammation, activation of
biohormonal systems, circulation of vasoactive peptides
and cytokines, prevalence of smoking in this group,
and disease-related changes in lifestyle (in particular,
decreased activity).
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To sum up, it can be noted that many studies
predominantly involve women, whose initial population-
based values of LA strain are higher than those of men
[54]. The LA strain measurement itself has the following
advantages: This is an angle-independent technique;
visualization of the LA in the four-chamber position is less
susceptible to lung lobe interference; and image artifacts
and reverberation occur less frequently [55]. However, this
method also has some limitations: The LA is a thin-walled
chamber, which makes it difficult to trace the endocardium.
Additionally, researchers often “cut off” the projection of
the LA, shortening its longitudinal size. Remember that the
dependence of the parameter on the frame rate and preload
(but less than that of the LV and EF strain). Moreover,
special software is required. However, simplicity and
prognostic and diagnostic value of this method make it a
useful tool for cardio-oncologists.

It is necessary to establish in which cases the serial
measurement of the LA strain will provide the greatest
advantage and complement echocardiographic findings:
when used for the diagnosis of early subclinical cardiotoxicity
or delayed effects of chemotherapy or for deciding on the
initiation of therapy and monitoring its effectiveness.
Answering these questions will require prospective controlled
studies in large patient populations.

The active development of new chemotherapeutic drugs
provides cardio-oncologists with new challenges. For
example, an irreversible tyrosine kinase inhibitor ibrutinib is
associated with a high incidence of atrial fibrillation. A recent
study by A. Singh et al. [56] showed a good predictive value
of LA strain in this population of patients.
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Study limitations

In conclusion, limitations of the review should be noted.
Most studies reported have small patient populations and are
retrospective. In terms of chemotherapy regimens, they are
quite heterogeneous. Some patients receive radiation therapy
for the thoracic area, which may contribute to changes in
echocardiographic parameters.

CONCLUSION

Therefore, currently available studies suggest the
potential value of assessing LA deformity in patients receiving
chemotherapy with a cardiotoxic effect.

The potential of Echo needs further research. The
assessment of LA strain appears to be a promising and
useful method in cardio-oncology.
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CTPMMMHFOBBIE TeXHOJIOrUn: U3 MI'pOBOﬁ UHAYCTPUK
B TeJieyJibTpa3ByKoBblie UCC/ieA0BaHUA

K.M. Ap3amacos', T.M. bobposcKas', B.A. [lporoso3?

! Hay4HO-NpaKTUYECKWIA KIMHUYECKMIA LLeHTD AMarHOCTUKM 1 TeNeMeMUMHCKUX TexHonorui, Mockea, Poccuiickas Depepauns
2 HayuHo-npousBoacTBeHHoe obbeanHenne «PycbTex», Mocksa, Poccuiickas Qepepauns

AHHOTAUNA

06ocHoeaHue. CTpeMUTENIbHOE Pa3BUTWE UTPOBOM MHAYCTPUN NPUBENO K NOSBIEHUI0 MHOTUX TEXHUYECKUX CPELCTB U TeX-
HOMOMMM C YHUKaNbHbIMW XapaKTepucTUKaMu. OfHOW U3 TaKWUX TEXHOMOMMUIA, UMEIOLLMX BbICOKMIA MOTEHUMAN K MPUMEHEHUIO
B MEAMLIMHCKOI AMarHOCTUKe, ABNSETCA CTPUMMHT (NOTOKOBOE OHNaliH-BeLaHue). MoAKIouMB YNbTpa3ByKOBOW CKaHep K Cu-
cTeMe BME03axBaTa, BO3MOXHO CYLLLECTBEHHO PacLUMPUTb QYHKLMOHAN AWNarHOCTUYECKOro YCTPOMCTBa.

Llene — w3y4nTb BO3MOXHOCTb NPUMEHEHUS [LOCTUKEHWUA MHPOPMALIMOHHBIX TEXHOIOMMN UrPOBOMA UHAYCTPUM B Tene-
MeMLMHE Ha MpUMepe TeleyNbTPa3BYKOBbIX UCCIeA0BaHNN.

Mamepuanel u Memodsl. B [aHHOM McCnefo0BaHAM NPOBOAMIM 3anKUChb YNbTPa3BYKOBOTO BUAEON300paXKeHUs npu no-
MOLLM CUCTEMbI BUJE03axBaTa, pa3paboTaHHON Ans reiiMepoB. BupeonsobpaxeHue nonyyanoch B Xofe TeneynbTpasByKo-
BOr0 MccnefoBaHus bpaxuuedanHbix apTepuin B CefyloLwmMX pexuMax: CepoLUKanbHbli B-pexuM, LBeToBoe AynieKcHoe
KapTuUpoBaH1e W UMNyNbCHO-A0NMN/EPOBCKMIA PeXUM. B pexxuMe peanbHOro BpeMeHW NpoBOAMAM TPAHCAALMIO UCCeA0BaHMS
Ha BULEOCTPMMMUHIOBbIN CEPBUC.

Pe3ynemamel. MonyyeHbl ONTUManbHbIe NOKa3aTeNn BUAEOM300paXeHus, a TakKe onpeaenieHbl MUHUMANbHO fonyCcTU-
Mble HaCTPOWKW BUAEOCTPUMMHIA ANS afleKBATHON AUCTaHLUMOHHON OLLEHKM BPa4OM-3KCMEPTOM MO YNbTPa3ByKOBOMY Ucclie-
[0BaHMi0. PekoMeHayeTcs UCMob30BaTb Ha aBTOMATM3MPOBAaHHOM paboyeM MecTe BWAe03axBaTa CNefyloLlme HaCTPOMKU:
Buaeo 1280x720, 24 kagpa B cekyHLy, KoampoBLumk H.264, butpeiit He MeHee 350 Kobur/c.

3aknioyerue. /cnonb3oBaHMe TEXHUYECKUX M MPOTPaMMHbIX CPeACTB, paspaboTaHHbIX AN1S CTPUMMHIA BUAEOUTD, BO3-
MOXXHO /151 0BecneyeHus TeneynbTpasByKOBbIX UCCAEA0BaHMN.

KntoueBble cnosa: Tenemenuumnna; teneY3W; Y3W; supeosaxsat; CTPUMMHT.
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Streaming technology: from games to tele-ultrasound

Kirill M. Arzamasov', Tatiana M. Bobrovskaya', Viktor A. Drogovoz?

! Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation
2 Scientific and Production Assaciation “RusBITech”, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Due to the gaming industry’s rapid development, a large number of technical tools and technologies with
unique characteristics have emerged. One of these technologies, which can be potentially used in medical diagnostics, is
streaming (online streaming). By connecting an ultrasound scanner to a video capture system, it is possible to significantly
expand the diagnostic device's functionality.

AIM: To investigate the possibility of applying the gaming industry’s information technology in telemedicine, like tele-
ultrasound.

MATERIALS AND METHODS: In this study, an ultrasound video image was captured using a video capture system developed
for gamers. The video was obtained during brachycephalic arteries ultrasound in the following modes: greyscale B-mode, color
duplex, and pulse Doppler mode. The examination was broadcast to a video streaming service in real time.

RESULTS: An expert sonologist obtained optimal video image parameters and determined the minimum required video
streaming settings for an adequate remote evaluation. The following video capture workstation settings are recommended:
video, 1280x720; 24 fps; H.264 encoder; bitrate, at least 350 Kbps.

CONCLUSIONS: Using technical and software tools developed for video game streaming to provide tele-ultrasound is
possible.

Keywords: telemedicine; tele-ultrasound; ultrasound; video capture; streaming.
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BACKGROUND

Tele-ultrasound is a new technique for ultrasound
examination employing telemedicine. Digital ultrasound
images from this examination are forwarded to an expert
for remote evaluation. Applications for ultrasound systems
with built-in remote consultation functionality are expanding
constantly. However, updating the ultrasound diagnosis
equipment remains an urgent challenge [1, 2].

A standard smartphone can be used to get a telemedicine
consultation based on ultrasound findings, by sending an
image or a cine-loop captured on the built-in camera [3-5].
However, because the message would contain personal data,
this method is not always practical and quite risky.

The majority of ultrasound scanners older than 10—
20 years have a video output for an external display and/or
video printer. Gaming solutions (specific devices for in-
game audio and video capture [6]) and live game streaming
software may increase the functionality of outdated diagnostic
equipment.

The aim of the study is to investigate the possibility of
applying the gaming industry’s information technology in
telemedicine, like tele-ultrasound.

MATERIALS AND METHODS

The study subject was one of the authors who underwent
ultrasound of the neck vessels in 2019. Greyscale B-mode,
color duplex, pulse Doppler, and combinations thereof
(greyscale B-mode + color duplex; greyscale B-mode + pulse
Doppler) were the imaging modes that were used. Sequoia
512 Acuson ultrasound scanner was used. Images from the
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ultrasound scanner were recorded using Ezcap 295 HD video
capture system (http://www.ezcap.com).

0BS Studio 24.0.3 by Open Broadcaster Software
(http://www.obsproject.com) was used for remote
communication of the study findings. 0BS Studio is a free
open-source software for video recording and streaming.
Twitch (http://twitch.tv) was used as a streaming service.
A personal computer with the following characteristics was
used as a video capture workstation: AMD Ryzen 5 34006
processor, 16 GB RAM, NVIDIA GeForce RTX 2070 graphics
card, Windows 10 Pro 64-bit 0S, LAN 100 Mbs, BenQ 21.5”
IPS monitor, 1920 x 1080. An expert used a laptop with the
following characteristics for remote evaluation: AMD E-450
APU, 8 GB RAM, Radeon HD7470 graphics card, Windows 7
b4-bit 0S, WiFi 72 Mbs, 15.6”" monitor, 1366 x 768. Redmi
Note 4 smartphone with the following characteristics was
used as a mobile device: 3 GB RAM, 5.5" IPS monitor,
1920 = 1080, 401 ppi, 4G Internet. Prestige 338 video
recorder, 1920 x 1080, 25 fps, webcam mode, was used for
recording the findings of ultrasound examination.

The image quality was evaluated by three functional
(ultrasound) diagnosis professionals with a combined
experience of more than 10 yr. The quality of the study
was considered sufficient if an expert could assess the
segmentation of the intima-media complex correctly.

Microsoft Excel was used for statistical processing of the
results. The measured parameters were presented as mean
+ SD. The correlation of the parameters was assessed by the
Spearman’s rank correlation coefficient, since the data were
nonparametric.

Figure 1 shows the flow chart of tele-ultrasound using
streaming technology.

!IJ WORKSTATION

. INTERNET

VIDEO-STREAMING
SERVIC

-

Wi-Fi

A

il SMARTPHONE

Fig. 1. Tele-ultrasound flow chart. The ultrasound system, to which Ezcap 295 HD (video capture device) is connected via S-Video (video
output standard), which in turn is connected via USB to the workstation. The webcam is also connected to the workstation via USB. Video/audio
streaming is performed via the video streaming service. The clients are a laptop connected to the Internet via Wi-Fi and a 4G-smartphone.
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The expert opinion was based on a binary scale: If all
three experts agreed that the server-side and client-side
video quality were comparable, the evaluation was positive.
If at least one expert concluded that the video quality did
not match the original, the evaluation was negative. For the
quality evaluation, each expert viewed the server-side and
client-side image at the same time. The experts performed
the quality evaluation independently.

RESULTS

The connection pattern was as follows: the ultrasound
scanner’s video output was connected to Ezcap 295 HD video
capture board’s input, which was then connected via USB
to the video capture workstation with 0BS Studio installed.
An S-Video VCR output was used as the video output of
the ultrasound scanner. On the video capture device, the
corresponding video input was utilized. The maximum settings
were set up by hardware: FULL-HD (1920 = 1080), 30 fps (the
frame rate could not be changed and corresponded to the
factory settings). Ezcap 295 HD was automatically detected
on the video capture workstation once the video capture
device driver was installed, and it was added as the video
source in the OBS Studio. The image quality on the video
capture workstation display was compared with the original
quality on the ultrasound scanner display. Three experts
evaluated the image, and they all came to the conclusion that
the image quality on the video capture workstation display
corresponds to that of the ultrasound scanner display.

Proper operation of tele-ultrasound requires two
video streams (from the ultrasound machine and from the
webcam pointed at the anatomical area under examination).
These two video streams are merged in the video capture
workstation and transmitted to a remote server. To test this
feature, a webcam with 1920 x 1080 source image size
was connected. To avoid interference, the image from the
webcam was reduced to 640 x 360 by bicubic interpolation
and superimposed on top of the image from the ultrasound
scanner in the corner, outside the workspace.

The video capture device had a fixed resolution where
the analog signal was digitized. The resolution of 1080p is
unnecessarily large for the ultrasound scanner video output.
As a result, bicubic interpolation the image size was used to
reduced image size to 1280 x 720 by to save traffic during
video streaming. The experts found no visual differences
between the images on the video capture workstation display
before and after interpolation.

The following step included configuring OBS Studio to
stream video on Twitch and the streaming. The image quality
was evaluated on remote devices (laptop and smartphone)
connected to the video streaming web service. Nvidia NVENC
hardware-based multithreaded encoder was used for video
encoding in the video capture workstation. The video quality
was set to maximum. These settings ensured CPU load not
more than 15% and GPU load not more than 30%. The only
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parameter that required adjustment was the video bitrate.
A constant bitrate was selected to ensure uniform video
quality.

In this study, we searched for the lowest possible video
bitrate for reliable remote evaluation by an expert. We decided
to begin the video stream at 3,000 Kbps, with a subsequent
decrease of the bitrate to the minimum level, where, in the
view of the expert, the ultrasound image quality would differ
significantly from the original image. Each bitrate value was
subjected to three measures, with a mandatory stop and
restart of streaming in between each measurement. The
stream contained cine-loops in greyscale B-mode, cine-
loops in duplex mode (greyscale B-mode + color duplex
or greyscale B-mode + pulse Doppler), and freeze frames,
including those with ongoing measurements.

The expert opinion was based on a binary scale: The
evaluation was positive if all three experts agreed that the
server-side and client-side video quality was similar. The
evaluation was negative if at least one expert concluded that
the video quality did not match the original. For the quality
evaluation, each expert viewed the server-side and client-
side image at the same time. The experts performed the
quality evaluation independently. Table 1 shows the results of
tele-ultrasound system testing depending on bitrate settings.

The minimum bitrate of 200 Kbps resulted in a blurred
image. The experts concurred that the image was not
suitable for proper evaluation of ultrasound structures.
Only freeze frames exhibited decent image quality at the
300 Kbps bitrate. According to the study, the ultrasound
image was less clear when viewed on a laptop and more
clear when viewed on a smartphone. For all devices and
modes, the ultrasound image quality was satisfactory at
350 Kbps bitrate and above.

We also evaluated the time lag between server-side and
client-side videos. Depending on the bitrate, the time lag was
3.94-4.92 s. As the hitrate decreased, so did the time lag
(correlation coefficient: 0.82).

DISCUSSION

Currently, telemedicine research and consultations can
be employed in areas where there is severe lack of medical
professionals, particularly specialized ones, as well as in
facilities with outdated equipment, as in the case of this
study. There should also be consideration for the accessibility
of mobile communications in our country. Therefore, using a
smartphone is appropriate and enables speedy connection to
a teleconference, particularly for remote counseling in case
of emergency.

We were able to do an ultrasound with remote
analysis by expert doctors using the Ezcap 295 HD, which
the manufacturer markets as a video capture device for
video games. This device provided high quality of video
images required for efficient work of ultrasound diagnosis
professionals.
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Table 1. Results of remote testing of the tele-ultrasound system by experts

Video capture
workstation

Remote evaluation of an ultrasound image by an expert

Video bitrate. . . Input stream rate + SD. | . Quality evaluation
Kbps Client type | Connection type Kbps Time lag £+ SD. s by experts

Laptop WiFi +

3000 456.80+76.28 4.92+0.24
Smartphone 4G +
Laptop WiFi +

2000 311.7549.14 4.45+0.28
Smartphone 4G +
Laptop WiFi +

1000 153.92+19.56 4.64+0.49
Smartphone 4G +
Laptop WiFi +

500 110.00£2.24 4.24+0.54
Smartphone 4G +
Laptop WiFi +

350 89.00+4.85 3.9420.36
Smartphone 4G +
Laptop WiFi -

300 83.67+1.15 4.03+0.31
Smartphone 4G +
Lapt WiFi -

200 aptop " 70.0040.9 4115038
Smartphone 4G -

We have chosen OBS Studio by Open Broadcaster
Software as one of the well-liked free open-source streaming
software tools for gaming. This software instantly detected
and connected to Ezcap 295 HD. Twitch, which is marketed
as a video game streaming service, was selected to test the
streaming. In this study, we only used it to test the operability
of the proposed system. Thus, the findings of this study only
support the possibility of using the OBS Studio software for
the purposes described above. It is possible to stream video
to any video streaming platform with 0BS Studio (according
to the information on the site).

For the future implementation of tele-ultrasound,
we advise using video streaming platforms that offer
private streaming protected from unauthorized connection
and viewing. The study did not assess such platforms.
However, when it comes to remote research in general
and tele-ultrasound in particular, information security is
essential. Tele-ultrasound is used to stream two forms
of confidential data. These are medical and personal data,
the security of which must be guaranteed in accordance
with the current rules and requirements of the Russian
law. Private health information, such as medical data
exchanged back and forth between the client and the
server, should not be disclosed to third parties in any way.
We advise that anonymized medical data (images from an
ultrasound scanner) and associated medical documents
(including personal data) should be transferred as two
different streams using different security and encryption
algorithms in order to increase the security of research.
In the future, the transmission of anonymized ultrasound
frames with a user identifier (UID) may be considered. The
UID can be matched with the patient’s name and other

DAl https://doiorg/10.17816/DD100779

personal data in the health information system database
or using hardware/software security gateways (e.g., Vipnet
Coordinator).

In this study, we assumed that the ideal bitrate for H.264
video streaming at 1280 x 720 would be 3000 Kbps [7].
However, the tests revealed that the image quality did
not change significantly when the bitrate was decreased
down to 350 Kbps. This can be explained by the fact that
most of the image streamed from the ultrasound scanner
is static. According to a detailed analysis of the ultrasound
scanner’s image, the area of interest on the original image
does not exceed 880 x 822. After bicubic interpolation, the
area of interest does not exceed 586 x 548, which requires
a three times lower bitrate. Furthermore, there are fewer
bits needed to encode the ultrasound image because it is
not in color. The color duplex mode has a limited color
area/chart, which also ensures good performance at low
bitrates.

We believe that we have selected the best possible video
streaming settings for the study: 1920 x 1080 and 25 fps for
the input image from the ultrasound scanner; 1920 x 1080
and 24 fps for the input image from the webcam; video
output 1280 x 720, 24 fps; H.264 encoder (Nvidia NVENC);
and minimum bitrate of 350 Kbps.

In conclusion, it can be claimed that the suggested
settings enable stable transmission of a high-quality video
image from an ultrasound scanner to any client device,
including a smartphone, with a cellular Internet connection.
This enables the technology to be used for the streaming
of ultrasound findings via VSAT space communication
technologies. Tele-ultrasound cannot be negatively impacted
by a video broadcasting delay of less than 5 s.
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In the literature, there are reports on the use of platforms
for mass communication (e.g., Voip), which are highly
efficient when employed in tele-ultrasound [8]. For example,
AS. Liteplo et al. [3] compared the most widely used Voip
platforms, Skype, and iChat. The authors concluded that
iChat was superior to Skype. Later, it was demonstrated that
Skype could be used effectively as well [4, 9]. Additionally, it
has been demonstrated that using Apple FaceTime for tele-
ultrasound can be a good option [10].

The aforementioned technologies require the installation
of specialist software and make connecting clients much
more challenging if there are several clients. Our findings
show that ultrasound video streaming technology enables
viewing the video on any Internet-connected device without
the need for client-side installation of specialist software.
The proposed technology allows an unlimited number of
users to view the streamed data. This may be useful for
multidisciplinary team meetings and consultations involving
specialists and experts from various health facilities,
including those in remote areas, as well as distance education
of medical personnel. We can also assume that improved
image quality on an ultrasound scanner will improve the
image quality on a laptop or smartphone. Thus, we used
video capture at 1080p, the highest resolution possible for
a video capture device. Technically, an ultrasound machine
with a digital video interface (HDMI, DVI-D, and DP) and high
resolution (Full HD and higher) can be used together with the
video capture device under consideration.

Furthermore, this study differs from similar ones in that it
used software and technical solutions developed for the gaming
industry, which are outside the scope of other researchers.
Nonetheless, we were able to show that these solutions could
be successfully applied to address medical issues.

Modern ultrasound scanners can transfer the research
findings in digital format, and some models can perform tele-
ultrasound without the use of additional devices; however,
many devices still lack these capabilities and have lower
ultrasound image quality. The methodology we describe may
be appropriate for health facilities with low-cost or outdated
equipment. The display resolution for ultrasound examination
recommended by the American Association of Physicists in
Medicine and the Society for Imaging Informatics in Medicine
is 3 Mp (2048 x 1536) [11]. The described technique can be
used with ultrasound scanners of a higher class when using
video capture devices that support this resolution.

Study limitations

We can assume that this technical solution is also
applicable to other ultrasound scanners with similar or
different outputs supported by a video capture device
although this study only evaluated one ultrasound scanner.

There has only been one video capture device tested.
We believe that a video capture device with performance
specifications non-inferior to those of the Ezcap 295 HD can
produce a comparable result.
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In this study, the quality of ultrasound images was
evaluated solely based on subjective criteria. We accepted
this limitation because all ultrasounds are a priori subjective
and involve a human factor present at every stage, from
ultrasound image display to assessment of ultrasound
findings.

Finally, this study did not provide for testing of other
video streaming platforms.

To date, numerous codecs (devices or software for data/
signal conversion) have been developed, but in this work,
we used H.264. Noise suppression, which is common in the
H.264+, H.265, and H.265+ codecs, can negatively affect the
ultrasound image quality, necessitating additional research
to evaluate the changes made to the quality of transmitted
ultrasound signal.

CONCLUSION

Video game streaming technologies can be used in
telemedicine, for example, for on-site tele-ultrasound or
mobile hospitals that have a portable ultrasound machine
with a video output is available. The advantages of these
technologies are their availability and high quality of the
broadcast video image while using a minimum bandwidth
of communication channels. In addition, this ultrasound
technology can be used for distance learning or remote
counseling.

Given that it is intended to transfer medical data for full-
fledged work in a clinical setting, the issue of communication
channel security from unauthorized access to transmitted
medical information must also be addressed.
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KuneBupHas pedopmauus rpyaHon KNeTku
no «sepxHeMmy» Tuny (cungpom KyppapuHo-
CunbBepMaHa): KIMHUYECKUIA cnyyau
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AHHOTALUMA

MpexaeBpeMeHHOe CAMSHWE HEKOTOPbIX LIEHTPOB 0CCUbUKaLMKM TPYAUHBI W CpaLLeHre MaHybprocTepHanbHOro couneHe-
HWSA NPUBOASAT K peiKon dopMe AedopMaLuy rpyaHON KNETKM, HasbiBaeMylo cuHapomoM KyppapuHo—-CunbBepMaHa. Y naum-
€HTOB HabmoaaeTca aHOMarbHO KOPOTKas IpyAMHA CO CMELLEHUEM BRepes B 061acTy MaHybprocTepHaNbHOTO COYNEHEHMS.
Haubonee yacTo couetaetcs ¢ cepfiedHO-NEro4HbIMK 3aboneBaHuamMmM 1 aedopMaumsaMm No3BoHOUHKKA. [1o0BHY0 aHoMa-
JII0 TaKXKe accouummpyioT ¢ cuHapoMamu HyHaH u TepHepa.

B ctatbe npeactasneH ciyyai 66-neTHen NauMeHTKM, 06paTUBLLIENCS B KIMHUKY 1S MPOXOXKAEHUS NMOBTOPHOM KOMIbiO-
TepHoW Tomorpaduu nocne onepauuyu U XMMUOTEpanuM No NOBOAY paka MOJIOYHOM enesbl, C anobamm Ha yacTble exe-
roAHbIe 3NWU304bl 0ABILIKK, Kalng, 6poHxuTa, bonee BbipaeHHble B feTcTBe. Pe3ynbTaThl KOMNbOTEPHON TOMOrpaduu no-
Ka3anu OTCYTCTBME METAcTaTUUYECKMX NOPaXEHUA U APYruX CONYTCTBYHOLIMX 3aboneBaHuiA, 3a UCKIIOYEHUEM peaKon (hopMbl
AedopmaLymm nepefHen rpyaHON CTEHKM, Tak Ha3blBaeMoM KUNeBUAHOW AedopMaLm BEpXHEN YacTU IPYLHOM KNeTKM (pectus
carinatum — eepxHull Kusb) N0 XOHAPOMaHybpuanbHoMy TUny. Yron B aopcanbHoM HanpaeneHuu coctasnsn 130°, anuHa
rPYavHbl 9 cM be3 BAABNEHUS B HUXKHEN TPETM.

KnioueBble cnoBa: KuneBupHas fedopMauus rpyaHONA KNETKW; KOMNblTepHas ToMorpadus; rpyouHa; aedopmauums
KocTeM.

Kak uutnpoBatb
Mannatrizio D., Fascia G., Guglielmi G. KunesuaHas aedopmaLms rpyaHOA KIETKM No «BepxHeMy» TNy (cuHApoM KyppapuHo—CuiibBepMaHa): KIMHUYeCKUi
cnyqan // Digital Diagnostics. 2022. T. 3, N° 2. C. 141-148. DOI: https://doi.org/10.17816/DD104865

Pykonucb nonyyena: 14.03.2022 Pykonucb opo6peHa: 06.06.2022 Ony6nukoBaHa: 30.06.2022

A
3KO®BEKTOP Jnuensmna CC BY-NC-ND 4.0
© Konnek1s agTopos, 2022

141


https://creativecommons.org/licenses/by-nc-nd/4.0/

https://doi.org/10.17816/DD104865
https://doi.org/10.17816/DD104865

142

CASE REPORTS Vol 3(2) 2022 Digital Diagnostics
DOI: https://doi.org/10.17816/DD104865

“Superior Pectus Carinatum” (Currarino-Silverman
Syndrome) in a 66-year-old woman: a case report
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ABSTRACT

The premature fusion of some of the sternal ossification centers and the obliteration of the manubrio-sternal joint caused a
rare deformity called Currarino-Silverman syndrome. Patients present an abnormally short sternum with a forward angulation
at the manubrio-sternal junction. Cardiopulmonary diseases and spinal deformities are the most frequent related disorders. It
was also described as a component of Turner’s and Noonan’s syndromes.

Herein, we present the case of a 66-year-old woman who presented to our clinic for follow-up computed tomography
after surgery and chemotherapy for breast cancer with frequent episodes of dyspnea, wheezing, bronchitis, and mild dyspnea
annually, which was more frequent during childhood. Computed tomography showed the absence of metastatic lesions
and other accompanying diseases, except for a rare deformity of the anterior chest wall, the so-called, a “superior” pectus
carinatum, a chondromanubrial deformity with a dorsal-open angle of 130°, and a sternum body length of 9 cm, which is not
depressed in the lower third.

Keywords: pectus carinatum; computed tomography; sternum; bone deformity.
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BACKGROUND

The most common congenital chest wall malformations
(CWMs) are pectus excavatum (PE) and pectus carinatum
(PC). These anomalies present during the first years of life
and occur during childhood. PC is less frequent than PE, and
it affects 5%—15% of all patients with CWMs and occurs in
approximately 1:1000 to 1:10000 of all live births, with a male
predominance (4:1) (1) (2). The mild forms are more frequent
than the severe forms of PC (3). The chondromanubrial
type was first described by Guido Currarino and Frederic
Silverman in 1958 (4).

The real etiopathogenesis of type 2 PC is still unknown,
but the most plausible hypothesis is that the deformity is
caused by an excessive growth of costal cartilage secondary
to genetic factors, which results in a sternal deformity
without sternal pathology (5).

A short, solid sternum with prominent outward
protrusion and bilateral deformity of the second to fifth
costal cartilages that form an acute intercostal angle is the
pathognomonic aspect of this syndrome (5). The xiphoid
process is usually directed forward, even if it can be also
absent. In very rare cases, a “superior or chondromanubrial
PC" has a normal length, and the sternum is not depressed
in the lower third.

Degenerative changes in hyaline cartilages, atypical
fibrils, reduced number of chondrocytes, and thin periosteum
are observed microscopically (6).

DESCRIPTION OF THE CASE

A 66-year-old woman presented to our clinic to undergo
a follow-up computed tomography (CT) after surgery
and chemotherapy for breast cancer. She also reported
3-4 episodes of bronchitis, wheezing, and mild dyspnea
annually, which was more frequent during her childhood.

She underwent CT of the chest and abdomen with
contrast enhancement, which showed the absence of
metastatic lesions and any other respiratory tract disorders
but revealed a chondromanubrial deformity with a dorsal-
open angle of 130° and a sternum body length of 9 cm, which
was not depressed in the lower third. Dorsal kyphosis was
also present.

During the anamnesis, her CWM was not evident because
she was dressed up with a turtleneck sweater that covered
her chest.

She reported having an unknown inborn CWM, which
was first noted at the age of 3 and progressed until the
age of 13 years, accompanied by dyspnea and wheezing
that accentuated during exercise and recurrent respiratory
infections.

Moreover, the aesthetic appearance of her chest
had psychological implications in her childhood, such as
having strange feeling among her schoolmates, insecurity,
withdrawal, and avoidance of all sports activities that require
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exposure of the chest. She has passed her childhood hiding
her health problem.

DISCUSSION

The Currarino—Silverman (CS) syndrome is an extremely
rare congenital deformity of the sternum.

It is also known by the terms “pouter pigeon chest,”
“chondromanubrial deformity,” “type 2 pectus carinatum,”
and “pectus arcuatum.” According to the original paper
of Currarino and Silverman (4), this rare developmental
anomaly is characterized by prominent sternal angulation
with a decrease in length as a result of congenital
complete non-segmentation or premature synostosis of
the sternum.

The theory of a congenital etiology by gene downregulation
is predominant (7-11). Essentially, a family history of CWMs
is present in approximately 25% of the patients (1).

An abnormality of the differentiation of anterior segment
mesenchymal cells and abnormal migration of mesenchymal
cardiac precursors to the endothelial heart tube at the time of
cardiogenesis may result in defects of endocardial cushion,
sternum, and aortic arch derivatives (7). This syndrome is
often combined with congenital heart defects and spinal
abnormalities (kyphosis, scoliosis, and kyphoscoliosis), and it
was also described as a component of Turner's and Noonan's
syndromes (8).

Frequent confusion of CS syndrome with PE deformity
is still an issue since one-third of patients present with
concomitant mild to moderate depression of the lower third
of the sternum (9).

Indeed, CS syndrome can be easily mistaken with PE,
as both deformities appear in an almost similar fashion, but
surgical approaches are very different. A distinctive feature
of a PE deformity is the beginning of the sternal depression
at the angle of Louis that becomes progressively deeper
toward the xiphoid process with distorted and elongated
cartilages (10). The angle of Louis must be less than 110° to
be considered a true depression (5). Thus, confusion about
classification is still an actual issue.

A uniform classification is a basis for surgical treatment
and assessment of its short- and long-term results.

In 2006, Acastello classified CWMs based on the site of
the defect’s origin (type 1, cartilaginous; type 2, costal; type 3,
chondrocostal; type 4, sternal; type 5, clavicle-scapular) and
attributed CS syndrome to the cartilaginous type 2 (superior)
PC. Further, Torre et al. distinguished superior PC into two
types:

+ Type 1: The “inferior” or “chondrogladiolar” is the
most frequent type, in which the sternal protrusion
is located in the inferior or mid sternum and the last
ribs can be slightly or severely depressed on lateral
aspects.

» Type 2: The “superior” or “chondromanubrial” is the
less frequent type, which has been further divided in
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Fig 1. Sagittal whole body
computed tomography scan
showing an arching sternum
and a chondromanubrial
deformity with a dorsal-open
angle of 130°.

two types depending on the external aspect. The first
type is characterized by a superior PC with an inferior
PE in which the sternum is S-shaped on a lateral
view. This anomaly is classified as cartilaginous
anomalies and called type Il. Although this anomaly is
considered a cartilaginous anomaly and a type Il PC in
the Acastello classification, Torre et al. classified it as
part of sternal anomalies because of the sternal origin
of the anomaly. The second type is a “superior PC"
without the typical features of the CS syndrome. The
sternum has a normal length and is not depressed
in the lower third. This anomaly is probably due to a

Fig 3. Lateral plain radiograph appearance of a type 2 pectus
carinatum.
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Fig 2. Sagittal whole body
computed tomography scan
showing a sternum body
length of 9 cm and dorsal
kyphosis.

cartilage anomaly similarly to inferior PC. Torre et al.
proposed to use the term “superior PC" only for this
type and to include this anomaly in the first category
(cartilaginous anomalies) of CWM classification. This
entity is extremely rare.

Most patients with CS syndrome are asymptomatic;
therefore, surgical correction is optional, and different
opinions exist about the ideal age for surgical correction.
Asthma and chronic bronchitis, which occur in 16% of the
patients, are the most common associated concomitant
diseases, responsible for bronchial and pulmonary
symptoms (11).

Fig 4. Computed tomography
reconstruction of the rib cage
showing that the sternum has
a normal length and is not
depressed in the lower third.
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Kyphosis is present, to a greater or lesser degree, in
almost all patients. Pain or tenderness at the protrusion
site, decreased endurance, or palpitations can be present.
Limitations at work and in sports and underachievement in
school, in the absence of respiratory and heart diseases,
should be attributed to emotional alterations.

A strong correlation of inborn cardiac pathology with
CS syndrome has been reported, such as VSD, patent
ductus arteriosus, atrial septal defect, tetralogy of Fallot,
transposition of the great arteries, and coarctation of the
aorta.

Chest CT with three-dimensional reconstruction, or
magnetic resonance imaging in children with altered
tissue density and radiation concern, is the best
preoperative imaging for the evaluation of patients with
CS. It allows the differential diagnosis with other pectus
deformities, determination of the exact angles of the
costal cartilages to the sternum, and enhances surgical
planning.

In comparison to PE, several less invasive techniques
have been developed for the correction of PC, including
the Abramson procedure and its modifications, along with
nonsurgical options such as observation, orthotic bracing,
and dynamic compression (2) (12). However, due to the
extreme rarity of the disease, challenging deformity, and
variable anatomy of a fused sternum, there are no clear
guidelines in the treatment approaches.

This unique growth pattern contributes to an almost
universal failure of conservative treatment options, such
as the vacuum bell or a compressive orthosis. The best
surgical option remains the relatively aggressive Ravitch-
type procedure with multi-level wedge osteotomy (12)
(13), allowing for the achievement of a satisfactory
outcome.

Given the rarity of the deformity, surgical correction
should be completed by a multidisciplinary team, including
thoracic reconstructive surgeons with experience in pectus
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deformities. The preferred age for correction is late puberty
or adulthood, as cartilage resection will be performed when
the rib growth ends (1) (14) (15). It is important to keep in
mind the potential for thoracic dystrophy should cartilage
resection be performed at a young age or too extensively.
Thus, other studies have reported the preferable age of
5-7 years or early adolescence (5) (16). Some patients
who refused to undergo surgery turned to bodybuilding to
improve and define the musculature around the CWM to
minimize the appearance of protrusion. Even if this approach
does not correct the abnormality, it can improve self-esteem
and confidence. For female patients, one possibility to make
protrusion less noticeable and improve the appearance of the
chest is breast augmentation (17).

CONCLUSION

Although a rare condition, CS can be easily diagnosed
through its typical radiological findings. Therefore, clinicians
must be aware of and recognize this imaging pattern to make
an accurate diagnosis and prevent further examination and
aggressive treatment.
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Yponaumdartuueckue ductynbli,
BbiSIBJIEHHbIE N0 AaHHbIM KOMNbIOTEPHOU TOMOrpadum
Ha (pOHe NOYEeYHOU KOJIMKU

M.5. Fenexe’ 2, K.M. lopsiyeBa’

! Hay4Ho-NpaKTMYECKVIA KIMHUYECKMIA LIEHTP AMArHOCTUKN W TeNIeMeANLIMHCKIX TexHomorui, Mocksa, Poccuitckas ®epepaumst

2 Eponeiickuii MeIMLIMHCKWIA LieHTp, MockBa, Poccuitckas Qeaepalims

3 Mepabiit MOCKOBCKMIA roCYAAPCTBEHHbIA MeAMUMHCKWIA yHUBepcuTeT MMenn W.M. Ceuetosa (CedeHoBCKMn YHUBEpCHTET),
Mockea, Poccuiickas Depepaums

AHHOTALNA

B pabote npepcTaBneHbl ABa KIMHWUYECKUX HabniofeHus yponumdatuyeckux GUCTYN, AMarHOCTUPOBaHHBIX METOA0M
KOMMbloTepHoii ToMorpadun. B 0boux crydasx naumeHTbl NOCTYNUAM B KIIMHUKY C CUMNTOMATUKOIM NOYEYHOW KONWKHK. Ypo-
nMdaTuyeckue GUCTYNbI ABNAKOTCA PeAKUM COCTOSIHUEM, 0BYCOBNIEHHBIM (OPMMPOBAHMEM CBS3WU MEXKIY MOYEBbLIAENM-
TeNbHOM M MMdaTUYecKoin cucTeMamun. Kak npaBunio, COCToSHME BbI3BaHO 0OCTPYKLMEN IMMPATUYECKMX COCYLO0B Ha GoHe
napasuTapHoii UHBa3uK. MHbIMM NpuunHaMmM MoryT bbITb flyueBas Tepanus, TpaBMa 3abpHOLLMHHOMO NPOCTPAHCTBA, NpopacTa-
Hve onyxonu. B apy Ao aHTMBMOTMKOB BbinM pacnpocTpaHeHbl MHEKLMOHHBIE NPOLLECCHI, TAKWUE KaK KCaHTOrpaHyneMaTo3Hbli
nuenoHedpuT 1 TybepKYNE3 noyek.

MpencTaBnseM KIMHUYECKME Clydamn yponuMdaTtnyeckux ductyn, chopMmUpoBaHHbIX Ha GoHe yponnThasa.

B npencTaBneHHbIX KIMHUYECKMX CIy4asix Mo4a HampsMylo noctynana B uMdartnyeckve cocyfbl Yepes yporumdaru-
YECKWUN CBULL, 0OHApYXEHHBIA HAa KOMMbIOTEPHBIX TOMOTPaMMax C KOHTPAacTHbIM ycuneHueM. YponuMmdatuyeckue ducty-
MNbl, BbI3BaHHbIE HApYLUEHMEM OTTOKA MOYM W3-3a BNIOKA MOYEBLIBOAALLMX NYTEWd, BbISABAAIOTCA PELKO MO MPUYKMHE TOrO,
YTO AMarHOCTUYECKMM MEeTOAO0M Bblbopa Npu NoYeUHON KONIUKE SBMSETCA yNbTPa3ByKOBOE UCCe0BaHMe BPIOLLHOM NOOCTH.
B nogasnsiowem bonblumHCTBE CriydaeB yponuMdatnyeckue GUCTYNbI NeyaTcs KOHCEPBATUBHO W He TpebyloT onepaTUBHOMO
BMeLuaTenbcTa. Kak npaBuno, copMmpoBaHHble COYCTbS MEPECTAloT CyLLeCTBOBATb MPW YCMELIHOM JIEYEHUM COCTOSHUS,
KOTOpOE BbI3Baso CBULL.

KnioueBble cnosa: yponumoatnieckas GpucTyna; ypeTeponuTuas; NoyeyHas KoimKa; KoMMbloTepHas ToMorpagus.
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Computer tomography of uro-lymphatic fistulas
associated with renal colic
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2 European Medical Center, Moscow, Russian Federation
3 The First Sechenov Moscow State Medical University (Sechenov University), Moscow, Russian Federation

ABSTRACT

This article presents two clinical observations of uro-lymphatic fistulas diagnosed by computed tomography. In both cases,
the patients were admitted with symptoms of renal colic. Uro-lymphatic fistulas are a rare condition caused by the formation
of a connection between the urinary and lymphatic systems, which is caused by, as a rule, lymphatic vessel obstruction due
to parasitic infestation. Other causes may be radiation therapy, retroperitoneal trauma, and tumor sprouting. In the era before
antibiotics, infectious processes such as xanthogranulomatous pyelonephritis and renal tuberculosis were common. Cases
of uro-lymphatic fistulas formed against urolithiasis background are presented below. In the clinical cases presented, urine
directly entered the lymphatic vessels through a uro-lymphatic fistula detected on contrast-enhanced computed tomography.
Uro-lymphatic fistulas caused by impaired urine outflow due to blocked urinary tract are rarely detected since abdominal
ultrasound is the diagnostic method of choice in renal colic. In the vast majority of cases, uro-lymphatic fistulas are treated
conservatively and do not require surgical intervention. As a rule, the formed fistulas cease to exist when its root cause is
successfully treated.

Keywords: uro-lymphatic fistula; ureterolithiasis; renal colic; computed tomography.
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BACKGROUND

An abnormal connection between the urinary system and
lymphatic vessels is known as urolymphatic fistula (ULF),
which is a rare disorder. In most cases, such fistulas are
clinically associated with chyluria [1]. ULF is usually caused
by parasitic infections of the kidneys or lymphatic system,
including filariasis, echinococcosis, cysticercosis, ascariasis,
malaria, and renal tuberculosis [2, 3]. The ULF, however, is
rarely associated with renal colic. Only isolated cases are
reported in world literature [3].

We present two cases of ULF associated with renal colic.

CLINICAL CASES
Clinical case No. 1

At approximately 3 am, a 65-yr-old male patient woke up
with a dull, aching pain in his left iliac region [visual analogue
scale (VAS) score: 3-4]. The pain intensity remained the
constant both at rest and on movement. The antispasmodic
the patient took had no effect. To relieve the condition, he
came to the clinic.

Clinical examination revealed a stable and closer
to satisfactory condition. There were no respiratory or
hemodynamic disorders. The respiration rate was 18/min.
The pulse was 74/min. The abdomen was unswollen, soft,
and sensitive in the left iliac region. There were no peritoneal
signs were observed. Auscultation of bowel sounds was
done. Flatus was passing. There is no dysuria. The right
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costovertebral angle tenderness was positive. There were no
abnormalities in urinalysis. Blood tests revealed leukocytosis
with left shift.

The left renal colic was suggested in the emergency
room. The patient was referred for an intravenous contrast-
enhanced computed tomography (CT) of the abdomen and
kidneys to confirm that diagnosis and exclude a sigmoid
diverticulitis.

At 15 min, the CT revealed a small peripelvic contrast
extravasation (urinoma) (during the delayed phase). In
addition, the retrograde contrast enhancement of lymphatic
vessels was observed along the left renal vein during the
excretory phase. These signs are typical for ULF. The
examination showed the calculus at the left ureteric orifice,
left ureteropyelocalicoectasia, left peripelvic urinoma, and
right renal calculus (Figure 1).

The left ureteric calculus had urodynamic effects on the
left upper urinary tract resulting in high risk of purulent-
septic complications, so the left contact lithotripsy was
initiated.

Surgery Report Summary. Ureteroscope No. 7 was
freely passed through the urethra into the bladder. The
ureteric orifices were slit-shaped and typically located. A
large black calculus protruded from the left ureteric orifice
into the bladder. For safety, a core wire was guided to the
left ureteric orifice. The calculus was also moved into the
ureter. The ureteroscope was inserted into the left ureter.
Laser lithotripsy was performed. Calculus fragments were
removed. Over the previously inserted wire, stenting catheter

Fig. 1. Computed tomography of the abdomen with intravenous contrast enhancement. The excretory phase: (g, b) Orange arrows show
the contrast spreading along lymphatic vessels; (c) A green circle highlights a calculus at the left ureteric orifice.
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No. 6 was guided from the left side, having the proximal end
folded in the pelvis and the distal one in the bladder.

The patient was discharged the next day for further
outpatient treatment and follow-up.

Clinical case No. 2

The previous, a 38-yr-old female patient complained
gradually increasing lumbar pain (VAS score: up to 3). Clinical
examination revealed that the general condition was relatively
satisfactory. The abdomen was soft and painless. There were
no peritoneal signs observed. The right costovertebral angle
tenderness was positive. Complete blood count was normal.
The left renal colic was suspected in the emergency room.
To confirm the diagnosis, a contrast-enhanced CT of the
abdomen and pelvis was recommended.

The CT showed a contrast extravasation in the left
kidney lymphatic ductus up to the thoracic lymphatic duct
(typical for ULF). A calculus at the left ureteric orifice
with ureteropyelocalicectasis and signs of urinary tract
obstruction, as well as a calculus at left middle calix, were
found during the examination (Figure 2).

The patient refused hospitalization and was referred to a
third-party hospital for further treatment.

DISCUSSION

Fistulas of the urinary system can communicate with
the intestines, skin, blood and lymphatic vessels, and
thoracic cavity (pleura, bronchi) [3]. Urinary fistulas can
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be divided into two: those that communicate with renal
collecting tubules via the renal parenchyma and those that
communicate directly with the renal pelvis. The relatively
abundant lymphatic vessels of the renal pelvis eventually
communicates with the retroperitoneal lymphatic system
via the peripelvic system [4, 5].

In developed countries, most cases of fistulas involving
the kidney are caused by iatrogenic trauma, such as
percutaneous nephrostomy or nephrolithotomy guidewire
insertion, extracorporeal shock wave lithotripsy, and
abdominal surgery. Other causes include radiation therapy,
penetrating trauma, and neoplastic invasion. Chronic
infections commonly associated with calculi formation
(xanthogranulomatous pyelonephritis) and tuberculosis have
become less common causes due to development of next
generation antibiotics [3].

In our clinical cases, urine directly entered the lymphatic
vessels through the ULF detected by contrast-enhanced CT.
Following the obstruction of the urinary system, the ULF
developed (Figure 3). The reported cases are relatively unique
because most ULFs are caused by obstruction of lymphatic
vessels. The ULF is often followed by chyluria caused by
lymphatic fluid penetration into the urinary system [1]. In
our cases, no chyluria was detected, possibly as a result of
the directed urine flow from the urinary system to lymphatic
vessels in the setting of increased pressure in the urinary
system [6].

Since most cases of renal colic are diagnosed using
abdominal radiography and ultrasound, urolithiasis-related

Fig. 2. Computed tomography of the abdomen with intravenous contrast enhancement. The excretory phase: (g, b) Orange arrows show
the contrast spread along lymphatic vessels; (c) A green circle highlights a calculus at the left ureteric orifice.
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Fig. 3. A schematic shows the mechanism of urolymphatic fistula
formation associated with impaired urine outflow due to the
ureteral calculus (yellow arrow).

ULFs are rarely detected [3, 7]. The excretory phase CT is
advised if the urinary and lymphatic systems are still connected
after the ureteral obstruction. In other causes of the lymphatic
system occlusion, it is possible to perform lymphography(8].

In most cases, ULFs are treated conservatively [8, 9].
Fistulas usually close after the treatment of the underlying
condition.
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The reported cases have some limitations. The fistulas
described could theoretically exist before the current attack
of renal colic. The first patient did not have a CT scan of
the urinary system after the treatment, so we do not know
whether the fistula persisted after lithotripsy and ureteral
stenting.

CONCLUSION

As a result, these ULFs were detected as a part of
examination due to renal colic attacks and were confirmed
by contrast-enhanced CT. Despite the direct urine penetration
into lymphatic vessels, no significant clinical changes were
observed.

Further research is required to determine clinical
consequences of this disorder.
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06 oco6eHHOCTAX ITUMECKOM 3KCMepTU3bl

B UCC/IeA0BAHUAX C NPUMEHEHNEM TeXHONOrui U cucTeM
MCKYCCTBEHHOr0 UHTeNNIeKTa Ha 6a3e MocyaapcTBeHHoOro
610)KeTHOro yupeXxaeHusa 34paBooXpaHeHUs ropoaa
MockBbl «Hay4yHo-npakTU4eCKUIA KNMHUYECKUM

LLeHTP AMArHOCTUKU U TeleMeAULUHCKUX TeXHOJI0rMH
JllenaptaMeHTa 3gpaBooxpaHeHus ropoaa MockBbi»
(TbY3 HNKL, AuT A3M)

0.W. MuenuHuesa, 0.B. OMensaHcKas

Hay4Ho-npaKTUYeCKMIA KIMHUYECKMIA LIEHTP AMArHOCTUKM U TeNleMeAULIMHCKUX TexHonoruii, MockBa, Poccuiickas Qepepauus

AHHOTALUNA

Bonpocbl 3TMKM Me LULMHCKMX UCTIbITaHWUiA NOAHUMANMCh MHOTOKPATHO. 3TUYECKOe CONpOBOXAEHNUE UCCel0BaHUI C y4a-
CTMEM YeNIOBEKA B KauecTBe CyObeKTa MCCNeAoBaHMI 3aKOHOAATENbHO 3aKpensieHo 1 TpebyeT 0coboro BHUMaHHA.

Ocoboe MecTo 3TMYECKME BOMPOCHI 3aHMMAIOT NpU NPOBeAEHNN KIIMHUYECKUX MCCNeA0BaHMI NeKapCTBEHHbIX CPEACTB, rae
HEBO3MOMHO 3apaHee M TOYHO CMPOrHo3upoBaTh 3PQEKTUBHOCTb M 6e30MacHOCTb HOBOrO NpenapaTta Ha JXUBOM OpraHu3M.
B HacTosLLee BpeMs Npyu NPOBEAEHUM IKCNIEPTM3bI KITMHUYECKMX UCCel0BaHUA BHUMaHWUeE YAENAETCA Ka4yeCTBY KU3HW naum-
€HTOB, BOMpocaM cobNoAeHUs NpaB NALMEHTOB, a TaKKe CODNIOAEHUI0 NPaBK HaZIeXaLLeit KIMHUYECKON NPaKTUKU U feil-
CTBYIOLLEr0 3aKOHOAaTeNbCTBA. bnarogaps TeXHUYECKOMY pasBUTUIO YBENMYMBAETCA KOIMYECTBO MCCNEA0BAHMIA He TOMbKO
NeKapCTBEHHbIX CPEACTB, HO U MeAMLMHCKUX U3AENWA, UCMIONb3YIOWMX B TOM YUC/E CMeLManiu3upoBaHHble MeaULMHCKUE
TEXHONOrUK W NporpaMMHoe obecrieyeHue.

ABTOMaTU3aLMA, pa3BUTUE, COBEPLLEHCTBOBAHME, CTPYKTYpU3aLms 3aeiMCTBOBaHHbIX MPOLLECccoB 00yCOBNMBAIOT NpUMEHE-
HWe BCE Bonee TEXHUYHBIX YCTPOWCTB, UCMOMb3YHOLLMX B CBOEW paboTe He TOMbKO Nporpammbl, HO U cucTeMbl. Ocoboe MecTo
B Pa3BUTUM MeMLIMHCKOW HayKM 3aHMMaEeT NporpamMMHoe obecrieyeHue C UCMOsb30BAHUEM CUCTEM UCKYCCTBEHHOIO MHTENEKTA.

WcKyccTBeHHBI MHTENNeKT, KoTopblid ewwé net 50-80 Hasag bbin obnacTblo HayuHoW haHTacTUKK, ceiyac NpOYHO BOLLEN
B HaLly 0ObI4HYI0 XM3Hb. BHeapsAs BO3MOXHOCTM UCKYCCTBEHHOIO MHTEJIIEKTA B MEAMLMHCKOE MporpaMMHoe obecreyerue,
MPUMEHSIA ero B COCTaBe MeAMLIMHCKOro 0bopynoBaHus, paspabaTbiBas MeaMULMHCKUE U3LENUS C CUCTEMaMU UCKYCCTBEHHOMO
WHTEJINIEKTa, NOJTy4aeM MPOAYKT, TPeOYIOLLMIA TLLATENbHOrO U3yYeHUs U AaNbHEMLIEro pa3BuTUS, KOTOPOe BKIIKOYAET B Cebs
KOMI/1eKC paboT No NpoBefeHMI0 Hay4HbIX MCCNEA0BaHMIA, PErMCTpaLyMn U NOALEPKAHNI0 NOAOOHBIX CUCTEM M KOMMJIEKCOB.
Bce pabotbl perynupytoTca 3aKOHOAATeNLCTBOM B cepe 0bpalLeHns MeauUMHCKUX U3nennin u TpebytoT rnyboKoro cucteM-
HOrO W Hay4HOro NOAX0Aa, B TOM YMC/Ee C NPUBSIEYEHNEM 3TUKM AN KOHTPoNs cobofieHnsa npas 1 6e30MacHoCTU He TOJIbKO
YYaCTHUKOB MCCNEAO0BaHMSA, HO U UX MEAULMHCKUX AaHHBIX.

ITUYECKUIA KOMUTET ABNSIETCA HE3ABMCMMbIM OPraHoM, KOHTPOIUPYIOLLMM cobniofeHne npaB v TpeboBaHMIn 3aKOHoLa-
TeNbCTBA, NPOBOAALLMM 3TUYECKYI0 M HAYYHYI0 IKCMEPTM3Y [OKYMEHTaLMW UccnefoBaHUi. 3TUYeCcKue BONPOCHI NpK MyiaHu-
POBaHMM NKOObLIX UCCNEeL0BaHUIA C YYaCTMEM YeNOBEKA UMM ero LaHHbIX A0MKHbI NoApobHO 00CyKaaThea U paccMaTpUBaTLCA.
Cnepnyet o0palLaTbcs B 3TUYECKME KOMUTETHI HE TOJIbKO Ha 3Tane 0[00peHNs MaTepuanoB UCCNeA0BaHMs, HO U NPU MiaHu-
POBaHUM AM3aiiHa, pa3paboTke LOKYMEHTaLUMW UCCEA0BaHUA M MaTepUanoB Ans NaLMEHTOB, a TaKXKe PerynsipHo Ha BCeX
3Tanax NpoBejeHUs UCCNEe0BaHMS.

KnioueBble cnoBa: MCKYCCTBEHHbIA UHTENEKT; KIMHUYECKWE MCCNe0BaHUS; 3TUKa; Haf/lexallas UccnefoBaTeslbCeKas
npaKThKa.
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Features of conducting ethical review of research
on artificial intelligence systems on the basis

of the research and practical clinical center

for diagnostics and telemedicine technologies

of the Moscow Health Care Department,

Moscow, Russian Federation

Olga . Pchelintseva, Olga V. Omelyanskaya

Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russian Federation

ABSTRACT

The ethics of medical tests have been raised many times. Ethical support of research involving a human subject is legally
fixed and requires special attention.

Ethical issues occupy a special place when conducting clinical trials of medicines, where it is impossible to predict in advance
and accurately the effectiveness and safety of a new drug on the human body. Currently, during clinical trial examination,
attention is paid to patients’ quality of life, and issues of compliance with patients’ rights, as well as compliance with the rules
of good clinical practice and current legislation. Thanks to technological development, the number medical studies and devices
using, among other things, specialized medical technologies and software is increasing.

Automation, development, improvement, and structuring of the processes involved cause an increase in the use of technical
devices that use not only programs but also systems in their work. Artificial intelligence system software have a special place
in medical science development.

Artificial intelligence, which was the field of science fiction 50-80 years ago, is now firmly embedded in our everyday life.
By introducing artificial intelligence’s capabilities into medical software, using it as part of medical equipment, and developing
medical devices with artificial intelligence systems, we get a product that requires careful study and further development,
which includes a complex of works on conducting scientific research, and registration and maintenance of such systems and
complexes. All work is regulated by legislation in the field of circulation of medical devices and requires a deep systematic and
scientific approach, including involving ethics to monitor compliance with the rights and safety of study participants and their
medical data.

The Ethics Committee is an independent body that monitors compliance with the rights and requirements of legislation and
conducts ethical and scientific examination of research documentation. Ethical issues when planning any research involving
a person or his/her data should be discussed and considered in detail. The ethics committees should be contacted not only
at the stage of approving research materials, but also when planning the design and developing research documentation and
materials for patients, as well as regularly at all stages of the study.

Keywords: artificial intelligence; clinical trials; ethics; good research practice.
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SCIENTIFIC STUDIES: GOALS, STAGES,
AND MARKETING AUTHORIZATION

An ethical review is mandatory for all scientific studies
involving human subjects or their health-related data.
The objective of the ethical review is to protect rights and
confidentiality of study subjects while ensuring compliance
that all legal requirements are met.

Not only drug products are subject to in vitro and in vivo
research. Studies with medical devices are also increasingly
involving human subjects or their health information.

Toxicological tests, technical tests, and other stages of
research are mandated by law before medical devices can
be registered. But what about software?

The software shall undergo evaluation by certain types
of studies that the regulator (Federal Service for Supervision
in Healthcare of Russia) uses to decide whether to approve
or refuse a marketing authorization. A regulatory dossier
includes a Clinical Study Report. Clinical trials of medical
devices are performed mainly in special healthcare
institutions and involve patients as study subjects. As we all
recall, human research participation is possible only if there
are document for the planned study, which is considered by
the Ethics Council with granting permission for conducting
the study based on council’s approval.

THE SIGNIFICANT ROLE OF ETHICS
COMMITTEES AS IN THE CASE STUDY
OF THE INDEPENDENT ETHICS
COMMITTEE OF THE MOSCOW
ORGANIZATION OF THE RUSSIAN
SOCIETY OF ROENTGENOLOGISTS
AND RADIOLOGISTS

A local (independent) ethical committee (IEC) of a
study site reviews all materials when obtaining the study
permission. Studies are typically prospective in design, and
ethical committees play the significant role in conducting
such studies. Based on the study results, the IEC may
refuse to approve the study. For example, if there are
patient safety risks, based on interim safety reports, the
national ethics committee has the right to suspend the
study in the site.

Studies using artificial intelligence (Al) systems are
included in separate dossier block. For most Al-based
studies, it is acceptable to use a retrospective design with
existing databases.

Ethical issues are not clearly regulated in Al-based
studies, but ethical committees are usually aware of planned
retrospective studies. Although this approach does not violate
any applicable laws and regulations, it involves some risks
that are better to be minimized. When dealing with a patient
database, it is necessary to anticipate risks of data leak and
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personal patient identification, as well as to obtain sufficient
high-quality data for further analysis.

In Russia, not all ethical committees review Al-based
studies. However, in 2019, the Scientific and Practical Clinical
Center for Diagnostics and Telemedicine Technologies of
the Moscow Health Care Department (SPCCDTT) hosted an
independent ethics committee of the Moscow Regional Branch
of the Russian Society of Roentgenologists and Radiologists
(RSRR MRB IEC) with the primary goal to implement good
research practices for Al-based studies.

The RSRR MRB IEC has reviewed 45 studies; 60% of them
were initially did not receive approval due to design errors.
In just 3 yr, we managed to reduce the number of refusals
to 10% using an individual approach to each application and
standardizing documents and processes consistently and
systematically.

Each IEC expert has more than 5 yr of research experience
and has received training in good clinical practice. We evaluate
study designs, including those that are retrospective, paying
close attention to data security issues, data use, and possible
risks, the process of obtaining data, and their storage and
processing.

Due to the rapid scientific progress and wide opportunities
for Al system application, the deeper approaches should
be used when planning such studies for ethical analysis
and assessment of potential risks. In SPCCDTT, all studies
are initially (at the planning stage) considered by an IEC,
regardless their design. Information on study progress is
submitted at least once a year. The study is supervised by
the Principal Investigator, who is also considered by the IEC.

In addition to reviewing studies, the ethics committee is
responsible for peer review of scientific work of SPCCDTT
members. For each paper, the IEC prepared a review and a
list of recommendations, assisting authors in avoiding errors
before submitting the manuscripts for publication. Therefore,
the IEC is an additional scientific supervisory body, which
helps authors to improve the quality of their publications for
top-rated journals.

The world’s leading scientific journal do not consider
manuscripts without the approval of the ethical committee.
The modern scientific world places high priority on protecting
patient rights, data security, confidentiality, and legitimacy of
materials submitted for publication. Not only researchers are
responsible for data accuracy, but also ethical committees
that approve studies and review manuscripts.

The RSRR MRB IEC experts thoroughly check all
documents provided by applicants. Our researchers request
that we review and approve their studies. We carefully
analyze documents, including at least a study plan, informed
consents of patients, and curriculum vitae of the principal
investigator. To avoid possible errors when conducting the
study and interpreting results, we check each document and,
together with the applicant, adjust the work plan.

In most documents submitted, we note the lack of
the randomization process description or the lack of
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randomization step in controlled trials, as well as the
small size of population and incorrect patient selection
criteria. Special attention is paid to an informed consent
because its content directly affects the rate of enrollment.

Our help is requested by graduate students and candidates
for degrees. A potential thesis is comprehensively analyzed.
We take into account the study's abstract, scientific content,
originality, and practical relevance. We check if the research
plan reflects study goals and methods. We analyze patient
data, its storage and transfer, its confidentiality, and the
protecting rights of study subjects.

When reviewing documents for Al-based studies,
we carefully check reference data sources, processing
algorithms, and ways of health information storage and
transfer. We also consider potential risks for patients
and study integrity in case of partial or complete loss
of data.

CONCLUSION

In addition to the comprehensive analysis of documents
submitted, the ethics committee give advice on improving
manuscripts for their subsequent publication in top-rated
journals.
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