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Liver Function Assessment Based
on Hepatobiliary Contrast Agent-Enhanced
Magnetic Resonance Imaging

Sofiia F. Ageeva', Valentin E. Sinitsyn', Elena A. Mershina', Natalia A. Rucheva’,
Ekaterina I. Petrova’

! Lomonosov Moscow State University, Moscow, Russia;
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% Industry Clinical Diagnostic Center of Gazprom PJSC, Moscow, Russia

ABSTRACT

BACKGROUND: Liver function assessment is very important in clinical practice. The use of magnetic resonance imaging for the
anatomical and functional evaluation of the liver is possible in actual clinical practice.

AIM: To examine the possibility of using hepatobiliary contrast-enhanced magnetic resonance imaging for the evaluation of
liver function.

MATERIALS AND METHODS: Datasets of patients who underwent gadoxetic acid-enhanced magnetic resonance imaging were
retrospectively reviewed. Patients were divided into two groups: group 1 included patients with impaired liver function, and
group 2 included those with normal liver function. Based on magnetic resonance imaging in the hepatobiliary phase, the liver
parenchyma signal intensity and its ratio to spleen signal intensity and portal vein signal intensity were estimated. Differences
among these parameters were compared between groups. The correlation between liver parenchyma signal intensity and
laboratory blood tests reflecting liver function (total bilirubin, albumen, aspartate aminotransferase, alanine aminotransferase,
alkaline phosphatase, gamma glutamyl transpeptidase, and prothrombin time) were analyzed.

RESULTS: Datasets of 53 patients (25 men and 28 women, aged 24—84 years) were analyzed. Group 1 included 19 patients,
whereas group 2 included 34. The median liver parenchyma signal intensity was 919.05 [669.65; 1258.35] in group 1 and
1525.13 [1460.5; 1631.4] in group 2 (P =0.0000001). The median ratio of liver parenchyma signal intensity to spleen signal
intensity was 1.2 [1.04;1.7] in group 1 and 1.7 [1.46; 1.96] in group 2 (P=0.00076). The median ratio of liver parenchyma
signal intensity to portal vein signal intensity was 1.44 [1.29; 1.83] in group 1 and 1.6 [1.43; 1.83] in group 2 (P=0.1). The
estimated correlation values between liver parenchyma signal intensity and blood tests parameters were as follows: total
bilirubin (r=-0.61; P=0.000001), albumen (r=0.13; P=0.61), aspartate aminotransferase (r=—0.57; P=0.000009), alanine
aminotransferase (r=—0.44; P =0.001), alkaline phosphatase (r=-0.45; P = 0.0007), gamma glutamyl transpeptidase (r=-0.5;
P =0.0003), prothrombin time (r=—0.34; P = 0.04).

CONCLUSION: The study reflects the ability to assess liver function using indices (liver parenchyma signal intensity and its
ratio to spleen signal intensity) derived from gadoxetic acid-enhanced magnetic resonance imaging. However, this study did
not confirm the assumed effectiveness of using the liver parenchyma signal intensity to portal vein signal intensity ratio as
an index of liver function. A significant inverse correlation was identified between liver parenchyma signal intensity and blood
test parameters in reflecting liver function, except for albumin. The results indicate the possibility of using magnetic resonance
imaging to assess liver function.

Keywords: magnetic resonance imaging; liver; cirrhosis; contrast study; hepatotropic contrast agent; gadoxetic acid.
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Bo3MO)XXHOCTM NpUMeHeHUs MarHMTHO-pe30HaHCHOM
ToMorpacum ¢ UCNonNb30BaHMEM renaToTPONHbIX
KOHTPaCTHbIX BeliecTB ANA QPYHKLUOHANbHOW OLLeHKK
neyvyeHu

C.®. Areesa’, B.E. CuunupiH', E.A. Mepwmna', H.A. Pyubesa?, E.W. MeTposa’
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2 HaumoHanbHblit MeIMILMHCKMA UCCNeI0BaTeNbCKMIA LIeHTP TPAHCMIAHTONOMM W UCKYCCTBEHHBIX OPraHoB UMeHy aKaaemuka B.). Lymakosa,
Mocksa, Poccus;

3 OtpacneBoit KMHUKO-AMarHocTyeckuit LeHTp MAO «[asnpoM», Mocksa, Poccus

AHHOTALMUA

060cHoBaHMe. OueHKa QYHKLMM MeyeHmn Npu pasfMyHbIX 3aD01eBaHNAX OCTAETCA BaXKHOW KIIMHWYECKOW 3aaaveid. [IpuMeHeHne MarHuT-
HO-PEe30HaHCHON ToMorpaduu ¢ renaToTPONHLIM KOHTPACTHLIM BELLECTBOM 1Sl OLLEHKM DYHKLMM NeYeHn NpeacTaBnisieT CyLecTBEeHHbIN
Hay4HbIM W NPaKTUYECKMIA MHTEpEC.

Llenb — M3y4nTb BO3MOXKHOCTb (YHKLMOHANBHON OLIEHKM NeYeHn Ha OCHOBaHMM NOKa3aTesiei, Noy4eHHbIX N0 JaHHBIM MarHUTHO-Pe3o-
HaHCHOW ToMorpaumM ¢ KOHTPACTUPOBAHUEM renaToTPOMHbIM BELLECTBOM.

Marepuanbl 1 MeToAbl. Bbinn NpoaHannavpoBaHbl AaHHbIE NALMEHTOB, KOTOPLIM BbINOMHSANACh MarHUTHO-PE30HAHCHas TOMOrpadus € BHy-
TPUBEHHBIM KOHTPACTUPOBAHMEM TaflOKCETOBOM KMCOTOW. MaumeHTbl Obiv pasaeneHbl Ha ABe TPynnbl: C HapyLeHHo (nepBas rpynna)
W ¢ HopMarnbHoli (BTopas rpynna) GyHKumMen neveHu. Mo faHHbIM MarHUTHO-Pe30HaHCHBIX UCCeA0BaHMIA OLEHUBANMCL CNeAyIoLLMe NapaMe-
TPpbl: MHTEHCUBHOCTb CUTHaNa NeyeHu, €€ OTHOLLEHME K MHTEHCUBHOCTU CUTHaNa CeNe3EHKM M K MHTEHCMBHOCTM CUrHasa B NPOCBETe BOPOTHOM
BeHbl. BbiK oLeHeHbl NoKa3aTenu 1abopaTopHbIX aHaNM30B KPOBM, OTpakatoLume GYHKUMM nedeHn: o0Lwmid GunmpyouH, anbbyMuH, anaHu-
HaMMHOTpaHcdepasa, acnapTaTaMUHOTpaHchepasa, y-rnyTaMUITpaHcnenTUaasa, WesodHas dpocdartasa, NpoTpoMbuHoBoE BpeMs.. bbin npo-
BEEH aHanM3 CTATUCTUYECKOM 3HAYMMOCTY PasfiMyMIA MEXXY rpynnaMm No napaMeTpaM MarHUTHO-Pe30HaHCHOI ToMorpadum, OLeHMBanoch
HaNM4Me KOpPpensiLMOHHOM CBA3M MeXy 3HAYEHUAMM MHTEHCUBHOCTU CUrHaa neyveHn U AaHHbIMM NabopaTopHbIX aHaM30B KPOBM.
PesynbTatbl. bbinn npoaHanuanpoBaHbl faHHble 53 NaumMeHToB (25 MyMuMH M 28 XKeHWMH B Bo3pacTe oT 24 oo 84 net). B nepsyto
rpynny Bowso 19 yenoBeK, BO BTOPY — 34 yenoBeKa. bbinn ycTaHOBNEHbI CTAaTUCTMYECKW 3HAUYMMbIE Pa3fMYWS MOKasaTesnel UHTeH-
CMBHOCTM CUrHana neyeHn U e€ OTHOLIEHUS K MHTEHCMBHOCTM CUTHana CeNe3€HKU Mexay uccneayeMbiMu rpynnamun. B nepsoii rpynne
3Ha4YeHWe UHTEHCUBHOCTM CUrHana nedenn coctasuno 919,05 [669,65; 1258,35], Bo BTopoit — 1525,13 [1460,5; 1631,4] (p=0,0000001).
OTHOLIEHWe MHTEHCMBHOCTM CMrHana MevyeHn K MHTEHCMBHOCTW CUrHana cesne3éHku B nepoi rpynne coctaesmno 1,2 [1,04; 1,71, Bo BTO-
poit — 1,7 [1,46; 1,96] (p=0,00076). OTHOLUEHWNE MHTEHCUBHOCTW CUrHaNa NeYeHU K MHTEHCMBHOCTM CUTHana B MPOCBETe BOPOTHOW BEHbI
coctaeuno 1,44 [1,29; 1,83] B nepsot rpynne, 1,6 [1,43; 1,831 — Bo BTOpO# (p=0,1). BbiNa oLeHeHa Koppenauns Mexay UHTEHCUBHOCTbIO
CUrHana neyveHu u obwmm bunmpybuom (r=-0,61; p=0,000001), anbbymmnHomM (r=0,13; p=0,61), acnapTatammuHoTpaHcdepasoii (r=—0,57;
p=0,000009), anaHuHammnHoTtpaHcdepason (r=—0,44; p=0,001), wenouHoii dpocdarasoit (r=—0,45; p=0,0007), y-rnyTammuntpaHcnenT1aasomn
(r=—0,5; p=0,0003), npoTpoMOUHOBLIM BpeMeHeM (r=—0,34; p=0,04). Mo wkane YeanoKka 3aMeTHas cUna KOPPENIALMOHHONA CBA3U Obina
BbISIBJIEHA MEXAY NOKa3aTesieM MHTEHCUBHOCTU CUTHaNa NeyeHu U 3HaueHusaMm obLero GunmnpybuHa, acnapTataMMHoTpaHchepasbl. YMe-
PeHHas CUNa — MeXay NoKa3aTesleM UHTEHCUBHOCTM CUrHana neyeHn M 3HaYeHUAMM anaHMHaMUHoTpaHchepasbl, LenoyHon docdara-
3bl, y-FNyTaMUATpaHCNenTuaasbl, NPOTPOMOUHOBOMO BpEMEHM.

3akntouenue. [poaeMoHCTpUpoBaHa 3 dEKTUBHOCTb NPUMEHEHUS MapaMeTPoOB MarHUTHO-PE30HAHCHOM ToMorpadmn (MHTEHCUBHOCTD
CUrHana neyvyeHu U e€ OTHOLLEHWME K UHTEHCMBHOCTM CUTHana Cene3EHKM) B OYHKUMOHANbHOW OLieHKe neyeHn. B uccnepoBaHum He noa-
TBEPAMNOCH NPeanonoxeHne 06 3QPeKTMBHOCTU NPUMEHEHWS TAKOTO MapaMeTPa, KaK OTHOLUEHWE 3HAYeHUs! MHTEHCMBHOCTM CUTHana
MeYeHN K MHTEHCMBHOCTM CUrHaNa B NPOCBETE BOPOTHOMW BeHbl. BbiNK YCTaHOBEHbI CTAaTUCTUYECKM 3HAUMMble 0bpaTHbIe CBS3W MeXay
3HaYeHWSIMU UHTEHCUBHOCTM CUTHasia NeYeHn U NoKasaTesiiMM N1abopaTopHbIX aHaM30B KPOBM, OTPaKAOLLMX QYHKLMM NeYeHu, 3a uc-
KiloyeHneM anbOyMuHa. Pe3ynbTaThl CBUAETENLCTBYIOT 0 BO3MOMXKHOCTU MCMOMb30BaHUS MarHUTHO-PE30HaHCHOM ToMorpaduu Anis GyHK-
LIMOHANBHOMN OLIEHKM NEYEH!.

KnioueBbie cyioBa: MarHUTHO-pe30HaHCHasa TOMOFpaCbVIFI; neyvyeHb; LMPpPO3; KOHTPacTHOE UccnenoBaHne; I'el'laTOTpOI'IHbIVI KOHTpaCTHbIl7I
areHT; rajoKkcetoBas Kucnora.
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BACKGROUND

The liver is a vital organ that performs several functions
such as detoxification, metabolism (e.g., protein synthesis
and fat and carbohydrate metabolism), and exocrine
functions. Liver dysfunction can occur in several different
conditions (e.g., infections, autoimmune diseases, and
drug-induced injuries), and it may be asymptomatic in the early
stages. Liver function should be assessed to determine the
management strategy of patients with liver disease, especially
when planning for surgery to avoid complications associated
with post-resection liver failure. Existing laboratory tests and
imaging modalities for the analysis of liver function have some
advantages and disadvantages [1, 2].

Magnetic resonance imaging (MRI) with extracellular
contrast enhancement is extensively used to evaluate the
anatomy and characteristics of liver lesions. The development
of hepatotropic contrast agents has expanded the diagnostic
capabilities of the method with the introduction of a new
hepato-specific phase (HSP).

Hepatobiliary-specific contrast agents include gadobenic
acid (Gd-BOPTA, MultiHance; Bracco Diagnostics Inc.)
and gadoxetic acid (Gd-EOB-DTPA, Eovist or Primovist;
Bayer Healthcare) [3, 4. These agents differ significantly.
Approximately 5% of the administered dose of Gd-BOPTA is
taken up by hepatocytes, and the HSP uptake is evaluated
1-3 h after contrast administration. When gadoxetic acid (GA)
is used as a contrast agent, significantly more substance
(up to 50%) enters the liver cells, and the HSP uptake is
evaluated 15-25 min after contrast administration. Due to its
characteristics, GA is more commonly used than Gd-BOPTA
in clinical practice to evaluate HSP uptake [3].

Preliminary evidence suggests that MRI enhanced with
hepatobiliary-specific contrast agents may aid in assessing
liver function. The feasibility of using MRI to assess the liver
anatomy and function is a relevant scientific and practical
issue.

STUDY AIM

To evaluate the feasibility of the functional assessment
of the liver using parameters of liver obtained from MRI
enhanced with a hepatobiliary-specific contrast agent.

MATERIALS AND METHODS
Study Design

This is a retrospective, multicenter, selective study.

Eligibility Criteria

The data of patients aged >18 years who had undergone
abdominal MRI enhanced with intravenous GA (Primovist;
Bayer Healthcare) were evaluated. Laboratory blood test
(complete blood count, blood biochemistry, and coagulation
profile) results were also evaluated.
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For subsequent statistical analysis, the patients were
divided into two groups. Group 1 included patients with
cirrhosis of various origins and clinical and laboratory
evidence of liver dysfunction. Group 2 included patients
with an intact liver parenchyma, benign liver tumors, or
arteriovenous shunts without any clinical or laboratory
evidence of liver dysfunction.

Study Setting

Data were collected from the following three institutions
over from 2020 to 2023: Shumakov National Medical
Research Center of Transplantology and Artificial Organs
of the Russian Federation’s Ministry of Health, the Medical
Research and Education Center of Lomonosov Moscow State
University, and the Industrial Clinic and Diagnostic Center of
PJSC Gazprom.

Magnetic Resonance Imaging Protocol

GA-enhanced MRIs were obtained using one of three
models. The Shumakov National Medical Research Center
of Transplantology and Artificial Organs used the 1.5 T Signa
Voyager (GE Healthcare, USA), the Medical Research and
Education Center of Lomonosov Moscow State University used
the 3 T Magnetom Vida (Siemens Healthineers, Germany),
and the Industrial Clinical and Diagnostic Center of PJSC
Gazprom used the 1.5 T Ingenia (Philips, the Netherlands).

The contrast enhancement agent (Primovist; Bayer
Healthcare, Germany) was administered intravenously at a
rate of 0.025 mmol/kg of body weight. Table 1 shows the
MRI protocol.

A series of T1-weighted images (WIs) of 3-6 mm slice
thickness obtained before and 15-20 min after contrast
administration were analyzed.

The signal intensity (in arbitrary units, au) was measured
in the following regions of interest (ROIs, Fig. 1):

« Liver parenchyma (left and right lobes), outside the

margins of the tumors, vessels, bile ducts and artifacts
(if any) (RO, at least 2 cm? in diameter),

« Spleen parenchyma (ROI, at least 2 cm? in diameter),

and

« Lumen of the portal vein (ROI, at least 0.5 cm? in

diameter).

Using the GA-enhanced MRI, the following parameters
were calculated:

« Liver Signal Intensity (LSI), which is the mean signal

intensity (SI) of the left and right lobes of the liver:
LS| = s'left lobe t SIright lobe .
2
+ LSl to Spleen Signal Intensity (SSI) ratio: LSI/SSI, and
+ LSI to Portal Vein Signal Intensity (PVSI) ratio:
LSI/PVSI.

Additionally, the following laboratory blood test data
obtained closest to the date of the GA-enhanced MRI
were analyzed: levels of total hilirubin, albumin, alanine
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Table 1. Protocol of gadoxetic acid—enhanced magnetic resonance imaging of the liver.
Slice
Program MRI sequence TR, TE, FA, thickness, NumPer
msec | msec | degrees mm of slices
Topography HASTE 2000 90 110 5 3
T2-WiIs, transverse plane TSE 3000 90 140 5 20-30
T2-WiIs with fat suppression, transverse and frontal planes TSE 3000 90 140 5 20-30
T2-WiIs, transverse and frontal planes VIBE 9 4 10 3 25
T2-WIs with phase shift, transverse plane VIBE 9 2and 5 10 3 25
DWIs (b-value, 0, 500, and 1,000), transverse plane DWI 6000 90 - 3 20
T1-WiIs for dynamic contrast enhancement (six phases), VIBE 9 4 10 3 30
transverse plane
MR cholangiography, frontal plane HASTE 2500 110 130 3 35
T1-WIs in delayed phase, transverse plane VIBE 9 4 10 3 30

Note. WI, weighted image; MRI, magnetic resonance imaging; DWI, diffusion-weighted image; TR, repetition time; TE, echo time; FA, fractional anisotropy.

aminotransferase (ALT), aspartate aminotransferase (AST), was used to determine the association between LSI and
gamma-glutamyl transferase (GGT), alkaline phosphatase laboratory test results such as the levels of total bilirubin,
(ALP), and prothrombin time (PT). albumin, AST, ALT, ALP, GGT, and PT.

Statistical Analysis

STATISTICA (version 12.0; TIBCO Software, USA) was RESULTS
used for statistical processing of all the data. The statistical Study Subjects
significance of the differences in LSI, LSI/SSI, LSI/PVSI In this study, the data of 53 patients (25 men and
between Groups 1 and 2 was evaluated using the Mann— 28 women) who underwent abdominal MRI with intravenous
Whitney U test. The Spearman'’s rank correlation coefficient ~ GA contrast enhancement were analyzed.

Fig. 1. Axial, T1-weighted, Gadoxetic acid—enhanced magnetic
resonance imaging of the liver obtained 20 minutes after contrast
administration. The signal intensity was measured in the following
regions of interest: (a) right and left hepatic lobe parenchyma,
(b) splenic parenchyma, and (c) portal vein lumen.
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Group 1 included 19 patients, aged 34-71 years (mean
age: 51.2 + 9.8 years), who had liver cirrhosis of various
origins (Table 2).

Group 2 included 34 patients, aged 24-84 years (mean
age: 57.6 + 15.8 years), in whom the liver function was
preserved (Table 3).

Primary Findings

Table 4 shows the statistical analysis of the differences
in LSI, LSI/SSI, LSI/PVSI between the two groups. The LSI
was statistically significantly higher in patients in Group 2
than in patients in Group 1 (P < 0.001). The LSI/SSI was also
statistically significantly different between the groups; the
median LSI/SSI value was significantly higher in Group 2 than
in Group 1 (P < 0.001). There was no statistically significant
difference in the LSI/PVSI between the groups (P > 0.05)
(Fig. 2).

The correlation analysis showed a statistically significant
negative correlation between LSI and the following blood test
results: total bilirubin level (r=—0.61; P=0.000001), AST level
(r=-0.57; P=0.000009), ALT level (r = -0.44; P =0.001), ALP

Vol.5 (2) 2024

Digital Diagnostics

level (r = -0.45; P =0.0007), GGT level (r =-0.5; P = 0.0003),
and PT (r=-0.34; P=0.04) (Fig. 3). According to the Chaddock
scale, there were significant correlations between the LS| and
the total bilirubin and AST levels. Furthermore, there was a
moderate correlation between the LSI and the levels of ALT,
ALP, GGT, and PT.

Because data regarding serum albumin levels in the
patients in Group 2 was insufficient, the laboratory blood test
results of patients in Group 1 were used in the correlation
analysis. There was no statistically significant correlation
between serum albumin levels and LSI (r = 0.13; P = 0.61)
(Fig. 4).

DISCUSSION

Statistical analyses in our study revealed a significant
difference in the LSI between the study groups. The high
LSI in Group 2 may be attributable to the active uptake
of GA by the functional hepatocytes [5, 6]. In Group 1, the
cellular uptake of the contrast agent may be attributed
to the impaired liver function and decreased number of

Table 2. Characteristics of the patients in Group 1 on the basis of the etiology of liver abnormalities

Etiology of liver abnormalities ofN :::ilzl:s Malignancy
Four patients had histologically confirmed HCC. Two patients
Hepatitis C 8 were diagnosed with HCC on the basis of GA-enhanced MRI; the
diagnosis was not confirmed histologically

Hepatitis B 9 One patient had histologci;?(l:liyr/] g;r:irmed cholangiocellular
Alimentary origin 2 -

Unspecified origin 1 -

Toxic origin 1 -

Nonalcoholic fatty liver disease 1 -

Primary sclerosing cholangitis 2 -

Budd-Chiari syndrome 1 -

Wilson’s disease 1 -

Note. GA, gadoxetic acid; HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging.

Table 3. Characteristics of the patients in Group 2 on the basis of the etiology of liver abnormalities

Etiology of liver abnormalities

| Number of patients

Intact liver parenchyma 7
Benign hepatic tumors (liver adenomas, focal nodular hyperplasia, hemangiomas, and liver cysts) 25
Arteriovenous shunts 2
Table 4. Statistical differences between Groups 1 and 2

| LS| | LSI/sSl | LSI/PVSI
Group 1 919.05 [669.65; 1258.35] 1.2 [1.04 1.7] 1.44[1.29; 1.83]
Group 2 1525.13 [1460.5; 1631.4] 1.7 [1.46; 1.96] 1.6 [1.43; 1.83]
P-value 0.0000001 0.00076 0.1

Note. LSI, liver signal intensity; LSI/SSI, liver signal intensity to spleen signal intensity ratio; LSI/PVSI, liver signal intensity to portal vein signal

intensity ratio.

DOl https://doiorg/

017816/DD624826
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Liver signal intensity in Group 1 and Group 2
N=53 (Group 1: n=19; Group 2: n=34)
Mann-Whitney U test, P=0.0000001
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hepatocytes, resulting in a decreased signal intensity in the
liver parenchymal on MRI [7, 8].

In the spleen, GA serves as an extracellular enhancing
agent because the spleen cells do not contain proteins that
can transport GA into the cells [9]. It has been proposed that
the functional status of the liver is reflected by the LSI/SSI
ratio. In our study, there was a statistically significant
difference in the LSI/SSI between the study groups, indicating
that it may be an effective parameter to assess liver function.

Our finding that LSI and LSI/SSI may reflect liver function
is consistent with that of previous studies. Yang et al.
evaluated the laboratory test results and GA-enhanced MRI
data of 120 patients with normal and impaired liver function.
The following HSP parameters were evaluated: LSI, PVSI,
SSI, LSI/PVSI, LSI, SSI, and PVSI/SSI. They found significant
differences in the LSI, LSI/PVSI, and LSI/SSI between their
study groups. Thus, they concluded that these parameters
may be used to assess the liver function [9].

Bastati et al. evaluated the data of 128 patients and
concluded that GA-enhanced MRI may be used to assess the
liver engraftment potential in patients who have undergone
orthotopic organ transplantation. The authors used a
functional liver imaging score (FLIS) with the sum of three
criteria (LSI, biliary excretion of GA, LSI/PVSI), each of which
was scored from 0 to 2 points. Furthermore, the relative
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LSI/SSl in Group 1 and Group 2
N=53 (Group 1: n=19; Group 2: n=34)
Mann-Whitney U test, P=0.00076
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Fig. 2. Box-and-whiskers plots of the (a) liver signal intensity,
(b) liver signal intensity vs. spleen signal intensity, and (c) liver
signal intensity vs. portal vein signal intensity for Groups 1 and 2. In
a and b, the differences were statistically significant (P = 0.0000001
and P = 0.00076, respectively). In c, the difference was not
statistically significant (P =0.1).

Note. LS|, liver signal intensity; SSI, spleen signal intensity; PVSI,
portal vein signal intensity.

liver enhancement (RLE) was assessed using the following
formula [10]:
LSl,,cp — LSI
RLE= — > " % 100.
LSI
Mnatsakanyan et al. compared the effectiveness of using
MRI to assess the liver function in surgical candidates with that
of the combined use of hepatobiliary scintigraphy (with #™Tc
mebrofenin) and single-photon emission computed tomography
(CT). The MRI parameters used were future liver remnant
function (FunctFLR) and the hepatocellular uptake index (HUI) in
the HSP. A FLIS system was also used for the evaluation.
FunctFLR was calculated using the following formula:
FUnctFLR = FLR —R;E ,
where FLR is the future liver remnant assessed by CT- or
MRI-volumetry, m is the weight of the patient, and RLE is the
relative liver enhancement.
The RLE was calculated using the following formula:
Slhb - Slpre

S|

pre

where Sl is the mean signal intensity of three ROIs in the

HSP and Sl is the mean signal intensity of three ROIs in

the native phase.
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Fig. 3. Scatter plots showing the correlation between liver signal intensity and the following parameters: (a) total bilirubin level (r = -0.67;
P=0.000001), (b) aspartate aminotransferase level (r=-0.57; P= 0.000009), (c) alanine aminotransferase level (r = -0.44; P = 0.001), (d) alkaline
phosphatase level (r=-0.45; P=0.0007); (e), gamma-glutamyl transferase level (r=-0.5; P=0.0003), and (f) prothrombin time (r=-0.34; P=0.04).
Note. LSI, liver signal intensity; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phospatase; GGT,

gamma-glutamyl transferase; PT, prothrombine time.

The HUI was calculated using the following formula:

_ 20
HU|_VLx(—SZU 1).

where VL is the volume of the liver, L20 is the mean LSI on
contrast-enhanced T1-Wls with fat suppression, and S20 is the
mean SSI on contrast-enhanced T1-Wis with fat suppression.

Mnatsakanyan et al. concluded that GA-enhanced MRI can

be used as an alternative modality for the functional assessment
of the liver when planning extensive resections [11].

DAl https://doiorg/1017816/DD624826

Some studies have demonstrated the efficacy of the
LSI/PVSI in assessing liver function [9, 12]. Zhang et al.
evaluated GA-enhanced MRIs of 92 patients with normal
liver function or hepatitis B-related cirrhosis. They
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Fig. 4. Scatter plot showing the correlation between liver signal
intensity and serum albumin level (r=0.13; P=0.61).
Note. LS|, liver signal intensity.

evaluated the following parameters: LSI/PVSI in the HSP
and laboratory blood test results (total bilirubin level,
albumin level, and platelet count). They found that the
LSI/PVSI in the HSP was associated with the severity of
functional impairment in patients with hepatitis B-related
liver cirrhosis, which was consistent with their laboratory
data. Thus, the authors concluded that LSI/PVSI in the HSP
may be used as a biomarker of liver function [12].

However, in our study, there was no statistically significant
difference in the LSI/PVSI between the study groups. This
may be attributable to the significant hyperbilirubinemia
reported in some patients in Group 1, particularly those
with primary sclerosing cholangitis. Lee et al. demonstrated
that in patients with significant hyperbilirubinemia, bilirubin
competes with GA for uptake by the hepatocytes, resulting
in delayed uptake and slowed GA clearance from the blood
[13]. In our study, the etiology of liver cirrhosis in Group
1 was heterogeneous, and the median total bilirubin level
was 43.25 [22.4-211.17] pmol/L. In some patients in Group
1, the significant hyperbilirubinemia may have affected the
LSI/PVSI. However, given the small sample size, there
was no statistically significant difference in the LSI/PVSI
between the groups.

The correlation analysis also supports the hypothesis that
MRI can be used to assess liver function, which is largely
consistent with the results of the study by Yang et al. [9].
They found a statistically significant negative correlation
between the LSI and the total bilirubin (r=-0.52; P < 0.001),
albumin (r = 0.48; P < 0.001), AST (r = -0.5; P < 0.001), and
ALT (r=-0.49; P<0.001) levels as well as the PT (r=-0.52;
P < 0.001) [9]. Contrary to the finding in the study by Yang
et al., we did not observe a correlation between the LSI and
the serum albumin level. This may be attributed to the small
sample size. Furthermore, because serum albumin level
is rarely included in the routine laboratory blood tests of
patients in Group 2, the correlation analysis was performed
using the data of patients in Group 1.
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In our study, there was a significant correlation between
the LSI and total bilirubin level (r = -0.61; P < 0.001). This
specific marker has been used in some scales to assess the
functional status of the liver. For example, liver dysfunction
can be assessed using the Chronic Liver Failure Consortium
scoring system and Sequential Organ Failure Assessment
scale, which include the total bilirubin level as a criterion
[14, 15]. The Asian Pacific Association for the Study of the
Liver recommends that acute-on-chronic liver failure be
defined on the basis of two laboratory blood parameters
such as total bilirubin and international normalized ratio or
prothrombin activity [15]. Therefore, the correlation obtained
in our study demonstrated the potential of GA-enhanced MRI
in the assessment of liver function.

Study Limitations

Insufficient data may explain the lack of correlation
between the LSI and serum albumin level in our study.
Thus, further studies with larger sample sizes are required.
Furthermore, the heterogeneous etiology of cirrhosis in
the patients in Group 1 may have resulted in the lack of a
statistically significant difference in the LSI/PVSI between the
study groups. Thus, further studies with larger sample sizes
are required.

CONCLUSION

The correlation analysis in our study revealed statistically
significant differences in MRI parameters such as LS| and
LSI/SSI between the patients with normal liver function
and those with impaired liver function. The study’s findings
validate the feasibility using GA-enhanced MRI for the
assessment of liver function. The lack of a statistically
significant difference in LSI/PVSI between the study groups
may be attributed to the significant hyperbilirubinemia in
some patients in Group 1.

The correlation analysis in our study also demonstrated
a statistically significant negative correlation between the LSI
and the total bilirubin, AST, ALT, GGT, ALP, and PT levels. These
findings also support the use of GA-enhanced MRI to assess
liver function. The lack of a statistically significant correlation
between the serum albumin level and LSI in Group 1 may be
attributable to the insufficient amount of data evaluated.

In conclusion, GA-enhanced MRI can be used for the
functional assessment of the liver in addition to its main
indications (diagnosis and characterization of lesions). Thus,
it is a promising assessment modality that is based on the
physiology of GA uptake by the hepatocytes.
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ABSTRACT

BACKGROUND: In recent decades, the incidence of cervical adenocarcinomas has increased from 5% to 20%. Endocervical
adenocarcinomas are characterized by a more aggressive course and early metastasis. Owing to the difficulties in the cytological
diagnosis of cervical adenocarcinoma, early radiation diagnostics and staging subsequently play a key role. Very few studies
have examined the use of magnetic resonance imaging in diagnosing cervical adenocarcinomas.

AIM: To determine the diagnostic informativeness of magnetic resonance imaging in the staging of cervical adenocarcinomas
according to the T-criterion and assessing the depth of tumor invasion into the stroma of the cervix and clarify the semiotic
signs of adenocarcinoma and features of tumor growth in the uterus.

MATERIALS AND METHODS: In total, 123 patients diagnosed with cervical cancer (C53), who underwent diagnosis and
treatment between 2020 and 2023, were examined. The examination results of 22 (18%) patients with cervical adenocarcinoma
were analyzed. The average patient age was 56 years. A multiparametric magnetic resonance examination of the pelvic organs
was performed on 22 patients using tomographs with a magnetic field strength of 1.5 T. Moreover, 14 (64%) patients underwent
surgery including extirpation of the uterus and appendages with pelvic lymphadenectomy. The information value of magnetic
resonance imaging was evaluated in 11 patients, whose first stage was surgical treatment.

RESULTS: In this study, cervical adenocarcinoma was detected in 18% among all cases of cervical cancer. The information
value of magnetic resonance imaging in assessing the local prevalence of endocervical adenocarcinoma according to the
T-criterion was as follows (main value with the corresponding 95% confidence interval): sensitivity, 77.78% (39.99%—97.19%);
specificity, 50.00% (1.26%-98.74%); positive predictive value, 87.50% (62.64%-96.69%); negative predictive value, 33.33%
(7.30%—-76.04%); and accuracy, 72.73% (39.03%-93.98%). The information value of magnetic resonance imaging in assessing
the depth of tumor invasion into the cervical stroma was as follows: odds ratio, 3.500 (0.145%—84.694%); sensitivity, 85.7%
(0.757%-0.993%); specificity, 33.3% (0.018%-0.0648%); positive predictive value, 75% (0.673%—-0.883%); negative predictive
value, 50% (0.027%-0.972%).

CONCLUSIONS: The results of this study showed that magnetic resonance imaging is a good tool with high diagnostic
informativeness in detecting endocervical cervical adenocarcinoma. The four macrostructures of tumor growth in endocervical
adenocarcinoma identified during magnetic resonance imaging data analysis indicate locally aggressive tumor growth and a
high frequency of endometrial dropouts. This finding will allow radiologists to structure a descriptive picture, including the
verified cervical adenocarcinoma, to enhance methods of developing a treatment plan for the patient.

Keywords: endocervical adenocarcinoma; cervical cancer; magnetic resonance imaging; diagnostics in gynecology.
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Bo3MOXXHOCTM M OrpaHM4YeHUs MarHUTHO-Pe30HaHCHOM
ToMorpadumu gna AMarHOCTUKU 3HAOLLePBUKANbHbIX
afleHOKapLUHOM LIeMKU MaTKU
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AHHOTALIMA

06ocHoBaHue. B nocnefHve LecATUNETMA 0TMEYAETCS POCT afleHOKAPLIMHOM LUeiku MaTK ¢ 5% o 20%. YcTaHoBMEHO, YTO 3H-
LOLEpPBUKanbHbIe afieHOKapLMHOMbI XapaKTepu3yoTcal bosiee arpeccuBHBIM TEYEHWEM W PaHHUM MeTacTasupoBaHueM. B cBssu
C TPYOHOCTAMW LIMTOMNOMMYECKON AMarHOCTUKM afleHOKapLMHOMbI LEVKM MaTKu NyyeBas AMarHOCTUKa UrpaeT KIlYeBYH pofib
Ha 3Tane YCTaHOBMEHUA AWarHo3a U CTaAMpoBaHWs BMOCNEACTBUN. Ha HacTOALIMIA MOMEHT UCCNe0BaHUM, MOCBSALLEHHBIX MC-
No/1b30BaHMI0 MarHUTHO-PE30HAHCHO ToMOrpaum B MarHOCTUKE afleHOKapLIMHOM LUEMKW MaTKW, 04eHb Mano.

Lenb — onpegennte AMarHoCTMHECKYD MHBOPMATUBHOCTb MarHUTHO-PE30HAHCHOW TOMOrpaun B CTafMpOBaHWUM afeHo-
KapuMHOM LUEMKM MaTKW No T-KpUTepuio, a TaKKe B OLEHKe FybWHbI MHBA3WUM OMyXONIM B CTPOMY LUEHKM MaTKM, YTOUHUTD
CEeMWOTUYECKME NPU3HAKM afleHOKapLMHOMbI M 0COBEHHOCTW pOCTa OMyX0/M B MaTKe.

Marepuanbl u MeTogpl. B nepuog ¢ 2020 no 2023 roa obcnenoBaHo 123 nauMeHTKM ¢ AMarHo3oM pak Lweiiku Matkm (C53).
[leTanbHo NpoaHanuaMpoBaHbl pesynbTaThl 00cnenoBaHna 22 (18%) NauMEHTOK C afeHOKapLMHOMOIA LUeKN MaTku (cped-
HWI BO3pacT 56 NeT), KOTOpbIM NMPOBOAMNIACh MarHUTHO-Pe30HaHCHas ToMorpadus OpraHoB Manoro Tasa Ha Tomorpade
C HaNPAXKEHHOCTbI0 MarHuTHOro nons 1,5 Tn. AHanu3 MHGOPMATUBHOCTM MarHWUTHO-PE30HAHCHON TOMOrpadumn OLeHMUBasICS
y 11/22 (50%) naumMeHTOK, y KOTOPbIX MEPBbIM 3TanoM Oblo0 NPOBEAEHO XMPYPrUYecKoe JieyeHe B 06bEME IKCTMpNALMK
MaTKu C npuaatkamu. [Ins aHanusa OuarHoCTMYecKon WHGOpMaTUBHOCTV NPOBOAMIOCH CPABHEHUE AAHHBIX MarHUTHO-pe-
30HaHCHOW ToMorpadum 1 NaToMopdoorMyecKoro UCcCneoBaHUA onepaumMoHHoro Matepuana. Ctatuctuyeckas obpabotka
pe3y/bTaToB MCC/el0BaHMsA NPOBOAUNIACk C UCNOJIb30BaHWEM NporpaMMHoro npunoxenus Microsoft Excel, JavaStat.
Pesynbrathl. B HalweM uccrefoBaHUM afieHOKapUMHOMA LUEMKW MaTKu onpepensiack B 18% HabniopeHui cpeou Beex
C/ly4yaeB paKa LWenkn MaTku. MHpopMaTMBHOCTb MarHUTHO-pe30HaHCHOW TOMOrpaduu B OLEHKe MECTHOM pacnpoCTpaHEH-
HOCTW 3HA0LEPBUKaNbHbIX afeHoKapLUMHOM (no T-KpuTepuio) cocTaBuna (3oeck W fanee B CKOBKax Mocie 0CHOBHOMO 3Ha-
yeHus yKasaH 95% [oBepuUTeNbHbIA MHTEpBan): YyBcTBUTENBbHOCTE — 77,78% (39,99-97,19%); cneumdmunocte — 50,00%
(1,26-98,74%); npencKasatenibHas LIEHHOCTb MonoxuTensHoro pesynbtata — 87,50% (62,64-96,69%); npenckasatenbHas
LLeHHOCTb OTpULaTenbHOro pesynstata — 33,33% (7,30-76,04%); TouHocts — 72,73% (39,03-93,98%). NHdopmaTuBHOCTL
MarHWUTHO-Pe30HaHCHOM TOMOrpaumn B OLEHKE FTyOWHBI MHBA3WM OMYXONWM B CTPOMY LLEHKM MaTKU COCTaBUNA: OTHOLLEHWE
waHcoB — 3,500 (0,145-84,694); uysctBuTenbHocTb — 85,7% (0,757-0,993), cneumdmyHocte — 33,3% (0,018-0,0648),
npefAcKasartesibHas LEHHOCTb MonoxuTensHoro pesynstata — 75% (0,673-0,883), npeackasatenbHas LEHHOCTb OTpULa-
TenbHoro pesynbtata — 50% (0,027-0,972).

3aksioueHmne. Hactosllee uccnefoBaHve NoKasano, YTo MarHUTHO-Pe30HaHCHas ToMorpadms ABNSETCS XOPOLUMM MHCTPY-
MEHTOM C BbICOKMMM MOKA3aTeNsiIMU AMarHOCTUHECKON MHOPMATUBHOCTM METOLA B BbISBNIEHUW 3HAOLEPBUKANBHONM aje-
HOKapLUMHOMbI LIENKKM MaTKW. BbigeneHHble B XoAe aHanu3a [aHHbIX MarHUTHO-PE30HaHCHOM ToMorpaduu 4 TMNa Makpo-
CTPYKTYpbl OMYX0/1eBOro pocTa afieHOKapLMHOMbI LLEMKW MaTKM YKa3bIBaAKOT Ha MECTHOArPECCUBHBIA POCT ONYXO/W, BbICOKYH
YacToTy OTCEBOB B 3HAOMETPUIA, @ TaKXKe MO3BONSAT CTPYKTYPMPOBaTb OMUCATeNbHY0 KapTUHY Bpayy-peHTreHomnory B ToM
uucne nNpy BepubULMPOBaHHOW afleHOKapLIMHOME LLEVKN MaTKK, YTO B AabHENLLIEM NO3BONMT NyylwmnM obpa3oM BeipaboTaTh
MNaH NeYeHns NaLUUEHTKU.

KnioyeBble cnoBa: 3HAOUEepBUKaJlbHaA aAeHOKapuWMHOMa; paK LUENKU MaTKK; MarHMTHO-pe3oHaHCHasA TOMOI'paCI)VIFI;
ANAarHoCTUKa B rMHeKOoJ10ruun.
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BACKGROUND

Despite widespread adoption of preventive measures,
cytology screening, and active treatment for precancerous
conditions, the incidence of cervical cancer (CC) remains
high. According to the World Health Organization, CC is the
fourth most common cancer in women worldwide in terms
of prevalence and mortality [1]. In developed countries, the
incidence rate tends to decrease [1, 2]. In Russia, CC is
consistently the fifth common cause of cancer morbidity and
the tenth common cause of cancer mortality. Additionally,
most de novo cases occur in women of reproductive age
(40-49 years). Over the past decade, the CC population has
increased by 10% [3].

In 2011, a meta-analysis showed that the increased
number of CC cases was associated with human
papillomavirus (HPV) types 16, 18, and 31 and other types.
In cervical squamous cell carcinoma, which is associated
with HPV in up to 90% of cases, type 16 was the most
common (59.3%) [4]. Cervical adenocarcinoma (CA) is the
second most common histologic variant of CC, with 75% of
cases associated with HPV; either type 18 or 16 predominate,
depending on the country. HPV type 18 was detected in 36.8%
of all HPV-positive adenocarcinomas [5, 6]. The incidence of
other histologic types of cancer does not exceed 1% [7, 8].
CA is characterized by significant histologic heterogeneity.
The association of CA with HPV served as the basis for a
new pathogenetic classification published in 2018 (IECC,
International Endocervical Adenocarcinoma Criteria and
Classification). HPV-positive adenocarcinomas are classified
as usual, villoglandular, mucinous, intestinal, and signet ring
cell adenocarcinomas and HPV-associated adenocarcinoma
not otherwise specified. HPV-negative CAs, which account
for 15%-20%, include gastric, clear cell, mesonephric,
serous, and endometrioid subtypes and adenocarcinoma not
otherwise specified [9, 10].

The classification of HPV-positive and HPV-negative
endocervical adenocarcinomas is based on clinical features,
differences in tumor biology, prognosis, and response to
treatment. The most common HPV-associated endocervical
adenocarcinoma is the most typical subtype, accounting for
~75% of all endocervical adenocarcinomas [10]. Mucinous
endocervical adenocarcinomas account for ~10% of all
HPV-associated endocervical adenocarcinomas [9, 11].
Additionally, endometrioid endocervical adenocarcinoma is
rare. With strict diagnostic criteria, it accounts for <1% of all
CAs and is associated with endometriosis [9, 11].

CC screening and prevention reduces morbidity and
mortality from invasive cervical squamous cell carcinoma.
However, in recent decades, CA incidence has increased
from 5% to 20% [4, 10, 12]. In addition to diagnostic issues,
CA is characterized by a more aggressive course, early
metastasis, and lower sensitivity to radiation and drug
therapy and represents a serious problem in gynecologic
oncology practice [13-15]. The specific location and
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course of CA with obvious diagnostic problems lead to late
detection of the tumor and a high frequency of recurrence
and mortality [4, 12]. Therefore, improving diagnostics
and developing early detection algorithms are crucial for
successful treatment.

According to the 2019 International Federation of
Gynecology and Obstetrics (FIGO) classification, stages A2,
IB1, and IIA1 are considered local CC forms; stages IB2
and IIA2-IVA are considered locally advanced; and tumors
with distant metastases are classified as advanced
stage IVB tumors [16]. Clinical staging of CC (including
CA), particularly according to the revised 2018 FIGO
classification, is based on a comprehensive evaluation,
which includes history-taking and physical examination,
morphologic review, and imaging data, such as magnetic
resonance imaging (MRI), ultrasound (US), computed
tomography (CT), and positron emission tomography (PET).
Accuracy of clinical staging at initial diagnosis is critical to
the success of subsequent treatment and prognosis [7, 16].
Staging of local CC is based on tumor size; however, the
size of the primary cervical lesion does not define the stage
of locally advanced tumor when the vagina, parametrium,
ureters, and adjacent organs are involved. Although in CC
staging, the size of the primary tumor is considered, the
recent FIGO report indicated that cervical stromal invasion
of >50% and involvement of the outer parts of the stromal
ring are associated with poor prognosis and increased
recurrence rate [16].

CA does not develop from the squamocolumnar junction
(as in cervical squamous cell carcinoma), but from the deep
part of the cervical canal, within the crypts; this defines the
type of tumor growth, which is predominantly endophytic,
resulting in the absence of early clinical manifestations and
late detection of the tumor. Tumor progression in the deep
endocervix, closer to the internal orifice of the cervix, leads
to tumor spread in the adjacent isthmus and endometrium,
infiltrating the cervical stroma and myometrium, mimicking
endometrial cancer (EC). When tumor imaging (using US,
MRI, and CT) is performed at the stage of simultaneous
uterine body and cervical involvement, determination of
the primary lesion and staging become extremely difficult.
According to the FIGO classification, in CC, tumor spread to
the body of the uterus does not affect the stage, whereas
in EC with cervical involvement, the tumor progresses
from stage T1 to T2, which significantly affects the
treatment choice and prognosis. In these cases, histology
and immunohistochemistry are the definitive diagnostic
tests. Immunohistochemical markers for differential
diagnosis include p1é, estrogen and progesterone
receptors, and p53 [17]. Positive staining for p16 is more
characteristic for usual-type HPV-associated endocervical
adenocarcinoma, and a positive test for estrogen and/or
progesterone receptors is more common in endometrioid
adenocarcinoma of the endometrium, although it may also
be seen in CA [17]. In 2022, a Korean research group led
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by Song JY trained artificial intelligence to differentiate
between different subtypes of cervical and uterine body
cancer. The study demonstrated high diagnostic efficacy of
the proposed algorithm (AUC of 0.977 for CC, 0.944 for EC,
and 0.939 for differentiation of cervical and uterine body
adenocarcinoma) [18].

A 2020 meta-analysis evaluated the diagnostic efficacy
of various imaging modalities (i.e., MRI, US, CT, and PET) in
assessing local tumor spread and lymph node metastases in
patients with newly diagnosed CC and showed that MRI had
the highest sensitivity and specificity for local spread of CC.
All the above modalities have a high specificity for detecting
metastases in lymph nodes [19]. In some studies, including
Russian studies (Rubtsova NA et al.), the overall accuracy
of MRI in staging invasive CC was 77%-90% [20, 21]. MRI
provides high resolution of soft tissues and more accurately
determines the depth of invasion and preoperative tumor
size, especially with T2-weighted images (WI). However,
the diagnostic value of MRI in assessing parametrial
invasion remains controversial, with a borderline sensitivity
rate (~73%-76%), associated with a high percentage of
false-positive results [22, 23]. Studies that evaluated the
characteristics of MRI in endocervical adenocarcinoma are
few.

STUDY AIM

To determine the diagnostic efficacy of MRI in T-staging
CC and in assessing the depth of cervical stromal invasion of
endocervical adenocarcinoma and identify semiotic signs of
adenocarcinoma and characteristics of uterine tumor growth.
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MATERIALS AND METHODS
Study Materials. Study Design

This single-center, retrospective, selective study included
123 patients with histologically confirmed CC (ICD code: C53)
to evaluate the incidence trend of CA. They were examined
and treated at the Scientific Center for Radiography and
Radiology of the Ministry of Health of the Russian Federation
from 2020 to 2023.

Patients with CA were comprehensively evaluated; the
results of 22 (18%) patients with this histologic cancer
type were reviewed. The mean age of patients with CA
was 56 years (range: 35-74 years). Data analysis excluded
patients with squamous cell carcinoma.

Fig. 1 shows the study design. Table 1 presents the
distribution of patients by histologic tumor type and grade of
differentiation. The distribution by FIGO stages is presented
in Table 2.

Study Methods

Overall, 123 women were examined by an
obstetrician-gynecologist. The study included assessment
of symptoms and medical history, bimanual rectovaginal
examination, vaginal and cervical speculum examination, cytology
of cervical and endocervical smears, and cervical histology.

In 22 patients (18%), multiparametric pelvic MRI was
performed using 1.5 T scanners. It was conducted using a
flexible body coil and with the patient in supine position. The
multiparametric MRI protocol included T1-WI and T2-WI; STIR;
diffusion-weighted images with b-factors of 0, 800, and 1000
sec/mm? and dynamic contrast enhancement with gadolinium

CERVICAL CANCER N=123

EXCLUSION CRITERIA

INCLUSION CRITERIA
« Cervical adenocarcinoma

l———%

« Cervical squamous cell carcinoma

Excluded,
n=101

« Cervical adenosquamous
carcinoma

Included, n=22
Mean age: 56

!

Underwent MR,
n=22

<

Adjuvant CT,

n=8 Neoadjuvant chemotherapy,

n=3

Surgical treatment,

‘ n=14 (without neoadjuvant CT)

Fig. 1. Study design. MRI, magnetic resonance imaging; CT, computed tomography.
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Table 1. Distribution of patients depending on the histological type of tumor and degree of differentiation

Histologic type No. of patients (n=22)
Low-grade 7
Endocervical adenocarcinoma Intermediate-grade 4
High-grade 2
Serous adenocarcinoma 3
Endometrioid adenocarcinoma 5
Adenosquamous carcinoma 1

Table 2. Distribution of patients by disease according to the
International Federation of Gynecology and Obstetrics classification

Stage Number of patients (n=22)

Cancer in situ 2
IB 4
IB1 3
IB2 1
IIA 1
IIB 2
1B 1
e 1
llC1 3
v 2
IVB 2

salts, which met the European Society of Urogenital Radiology
(ESUR) requirements for MRI [24]. According to ESUR
guidelines, a b-factor of 1000 sec/mm? is sufficient for the
diagnosis of uterine disorders in routine practice.

Depth of cervical stromal
invasion: 7 6 mm

|

T2-WI MRI data were used to evaluate the size and
depth of cervical stromal invasion (Fig. 2); the presence
of parametrial invasion; involvement of the internal orifice
and isthmus of the uterus, endometrial lining, uterine
appendages, and lymph nodes; and the presence of a
“feeding pedicle” in the tumor. The tumor pedicle was used
to designate the junction between the tumor and uterine
wall, considered as the tumor origin, with tumor feeding
vessels visualized in the arterial and venous phases of
dynamic contrast enhancement.

Extirpation of the uterus and appendages with pelvic
lymphadenectomy was performed in 14 patients (64%).
Three patients (21%) underwent surgery after neoadjuvant
polychemotherapy. Pathologists assessed the size and
depth of cervical stromal invasion in 11 patients with CA
who started anticancer treatment at the surgical stage. In
the excised specimens, the presence of cervical stromal
invasion, vaginal transition, parametrial invasion, uterine
body involvement (depth of myometrial invasion), uterine
appendages, and lymph nodes were also evaluated. In
11 patients, preoperative MRI data, obtained not more than
1 month prior to the start of the treatment, were compared

N

Fig. 2. An example of measuring the depth of cervical adenocarcinoma invasion into the stroma and the distance from the tumor to
the exocervix: (a) the tumor is located in the upper third of the cervix, has a depth of invasion of 8 mm and is located at a distance of
20 mm from the exocervix; (b) the tumor is located in the upper third and middle third of the cervix, has a depth of invasion of 6 mm
and is located at a distance of 16 mm from the exocervix. The tumor is outlined with a purple line, the endocervical canal is marked
with pink lines. Conclusion of the pathomorphological study: endocervical adenocarcinoma of the cervix grade 2; depth of invasion into
the cervical stroma 5 mm (less than 1/2 the thickness of the cervical wall); lymphovascular invasion was detected; the tumor grows

into the internal os; endometrium in the secretion phase.
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with postoperative pathology data. Eight patients (36%)
received a combination of chemotherapy and radiotherapy.

Microsoft Excel (Microsoft, USA) and JavaStat were used
for statistical processing of the results.

Ethical Review

According to the Independent Ethics Committee at the
Russian Scientific Center for Radiography and Radiology of
the Ministry of Health of the Russian Federation (minutes
of meeting no. 9, dated September 29, 2023), the study
“Possibilities and Limitations of Magnetic Resonance Imaging
in the Diagnostics of Endocervical Adenocarcinomas” did not
require the opinion of the Independent Ethics Committee.

RESULTS

CA was detected in 18% (22/123) of CC patients examined
between 2020 and 2023.

In 5 patients (23%), CC was discovered incidentally during
a routine gynecologic examination. The disease manifested
with spotting in 13 patients (59%), serous discharge in
2 patients (9%), dragging pain in lower abdomen in 6 patients
(27%), and painful urination in 1 patient (5%).

Preexisting cervical conditions (ectropion, erosion, and
chronic cervicitis) were noted in 8 patients (36%) and cervical
dysplasia (grade 1-3) in 3 patients (14%). In 11 patients
(50%), no cervical abnormalities were detected prior to the
diagnosis of CA. Table 3 shows the gynecological examination
data.

In 2 women (9%), the MRI scan did not show a tumor.
Table 4 shows the MRI data of 22 patients. The mean tumor
volume in T2-WI was 25 cm? (range: 1-71 cm®). The following
results were obtained when evaluating the diagnostic efficacy

Table 3. Results of gynecological examination

(2) 2024
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of MRI in assessing the local extent of CA (T-staging) in
11 patients after surgery as the first treatment step:
« Sensitivity: 77.78% (95% confidence interval [CI]:
39.99%, 97.19%)
+ Specificity: 50.00% (95% CI: 1.26%, 98.74%)
+ Positive predictive value: 87.50% (95% Cl: 62.64%,
96.69%)
+ Negative predictive value: 33.33% (95% CI: 7.30%,
76.06%)

+ Accuracy: 72.73% (95% Cl: 39.03%, 93.98%)

In 8 patients (40%), the CC was located at a distance
from the external orifice (mean: 11 mm; range: 4—18 mm).
In this location, the tumors cannot be visualized during
gynecologic examination because the external orifice is intact.
Infiltration of the vaginal cervix was reported in 9 patients
(45%). The mean apparent diffusion coefficient (ADC) of the
tumor was 0.833 x 10~ mm/sec (range: from 0.440 x 103
to 0.1282 x 1073 mm/sec).

We identified two types of tumor growth in the cervical
stroma: the most common were the endophytic type
(75%, n = 15), characterized by diffuse enlargement and
barrel-shaped cervical transformation (Fig. 3), and
exophytic type, which occurred in 25% of cases in the
present study (n=>5). Exophytic tumors were most
commonly located in the vaginal cervix, with tumor
masses prolapsing into the vagina or cervical canal lumen
(Fig. 3). The exophytic tumor was represented by different
hlstologlc subtypes of CA:

+ Poorly and moderately differentiated
endocervical adenocarcinoma, 2 cases

« Poorly differentiated serous adenocarcinoma, 1 case

+ Adenosquamous carcinoma, 1 case

+ Endometrioid endocervical adenocarcinoma, 1 case

typical

Gynecological examination data nY(eUZ) n':;, )
Cervical lesion 10 (45) 12 (55)
Parametrial lesion (clinically as thickened fornixes) 11 (50) 11 (50)
Vaginal involvement 11 (50) 11 (50)
Table 4. Magnetic resonance imaging data
Parameter Yes No
n (%) n (%)
Cervical stroma invasion 17 (77) 5(23)
Parametrial invasion 9 (41) 13 (59)
Involvement of the internal cervix 12 (55) 10 (45)
Involvement of the isthmus 9 (41) 13 (59)
Involvement of the endometrium 6 (27) 16 (73)
Involvement of the adnexa 4(18) 18 (82)
Involvement of lymph nodes 9 (41) 13 (59)
Presence of a central feeding vessel 9 (41) 13 (59)

00l https://doi.org/10.]
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Endophytic
cervical adenocarcinoma
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Exophytic
cervical adenocarcinoma

T2BUAX

Fig. 3. Cervical adenocarcinoma growth pattern. The upper row of images is T2-weighted images in sagittal plane, the lower one — in

axial plane.

Furthermore, endophytic tumors were characterized by
different histologic types and differentiation patterns. No
correlation was found for the type of tumor growth and its
histologic subtype.

Differential diagnosis of the location of the primary
tumor (whether the observed uterine abnormalities were
endometrial carcinoma with cervical involvement or cervical
carcinoma with endometrial involvement) was critical in
the diagnostic search of gynecologists and radiologists
for detecting uterine adenocarcinoma. All diagnostic
controversies with predominant involvement in the uterine
cavity were further reviewed by pathologists, and in all
patients, endocervical adenocarcinoma (tumor of the cervix)
was confirmed. Therefore, four types of tumor macrostructure
were retrospectively classified based on the predominant
location of the tumor according to MRI and pathology data
(Fig. 4):

1) Predominance of tumor in the cervix (n = 13; 65%)

2) Predominance of tumor in the uterine body (n = 2; 10%)

3) Equal involvement of endocervix and endometrium
(n=2; 10%)

4) Isolated cervical lesion with CA lesion seeding into the
uterine cavity (in the endometrium), confirmed by pathology
and immunohistochemistry data (n = 3; 15%)

DAl https://doiorg/1017816/DD565195

Notably, type 2, 3, and 4 tumors were described as
uterine body cancer on MRI, and only pathology examination
confirmed primary CA.

According to pathology data, the mean depth of cervical
stromal invasion of adenocarcinoma was 8.2 mm (range:
2-15 mm). Surgical material examination data are presented
in Table 5.

A comparative analysis of the invasion depth according
to MRI and postoperative pathology was performed in
11 patients who did not receive neoadjuvant chemotherapy
(Table 6). MRI data on cervical stromal invasion depth
revealed a false-positive result (overdiagnosis) in 2 patients
(18%) and a false-negative result (underdiagnosis) in
1 patient (9%). In 8 patients (73%), MRI and pathology data
were consistent. The thickness of the MRI slice (T2-WI) was
4 mm; thus, a difference between MRI and pathology data
<4 mm was considered a method error.

Therefore, the diagnostic value of MRI in assessing the
depth of cervical stromal invasion of CA was as follows:

+ 0dds ratio: 3.500 (95% CI: 0.145, 84.694)

« Sensitivity: 85.7% (95% CI: 0.757, 0.993)

« Specificity: 33.3% (95% Cl: 0.018, 0.0648)

+ Positive predictive value: 75% (95% Cl: 0.673, 0.883)

+ Negative predictive value: 50% (95% Cl: 0.027, 0.972)
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TYPE 1.
Predominantly
cervical tumor

TYPE 3

Equally involved
cervix and uterine
body

Digital Diagnostics

TYPE 2
Predominantly
uterine body tumor

TYPE 4

Cervical involvement
with seeding lesion
in the endometrium

Fig. 4. Type of tumor macrostructure, T2-weighted images in sagittal plane, cervical adenocarcinoma.

The locally invasive growth pattern with tumor pedicle
formation was observed, and feeding vessels were visualized
(41%) in the endometrial CA seeding lesions (Fig. 5).

DISCUSSION

In our study, 18% (22/123) of patients diagnosed with CC
had adenocarcinoma and mixed adenosquamous lesions of
the cervix. This confirms the relative increase in CA morbidity

Table 5. Surgical material data of 14 patients

reported in global (Chan ZF et al. and Islami F et al.) and
Russian (Grigoruk 0G et al.) studies [4, 10, 12]. We believe
that the relative increase in CA morbidity is related to the lack
of signs of the disease (in our study, 48% of patients had no
visual cervical lesions on gynecologic examination and had
an intact external orifice on MRI) and the lack of effective
screening strategies. A population study by Castanon A et al.
showed that current cytology screening is ineffective in the
diagnosis of cervical pre-cancer (adenocarcinoma in situ or

Parameter Yes No
n (%) n (%)
Cervical stroma invasion 13 (93) 1(@7)
Parametrial invasion 0(0) 14 (100)
Involvement of the endometrium 4 (29) 10 (71)
Involvement of the adnexa 2 (14) 12 (86)
Involvement of lymph nodes 2(14) 12 (86)

Table 6. Diagnostic value of magnetic resonance imaging in the diagnosis of cervical adenocarcinoma

Parameter Sensitivity Specificity Positive predictive | Negative predictive
value value
Cervical stroma invasion evaluation 85.7% 33.3% T5% 50%
(Cl, 0.757-0.993) (Cl, 0.018-0.0648) (Cl, 0.673-0.883) (Cl, 0.027-0.972)
71.78% 50.00% 87.50% 33.33%

T-staging (Cl, 39.99%-97.19%)

(Cl, 1.26%-98.74%)

(Cl, 62.64%-96.69%)  (Cl, 7.30%~76.04%)

Note. Cl, 95% confidence interval.

DAl https://doiorg/1017816/DD565195
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Fig. 5. Magnetic resonance imaging of the pelvis (cervical adenocarcinoma), metastasis in endometrium:

(a) from left to right and from top to bottom: T2-weighted image, T1FS-weighted image with contrast enhancement in the arterial phase,
diffusion-weighted imaging (DWI), and apparent diffusion coefficient (ADC) map. The tumor (metastasis in endometrium) is marked with
an arrow. The region of the “leg” of the tumor and feeding vessels are marked with a dotted arrow; (b) sagittal plane, T2-weighted
image (left) and T1FS+C (right): primary tumor (arrow), metastasis in the body of the uterus (star), vessels in the focus of tumor (dotted
arrow). In the arterial phase of DCE, the accumulation of paramagnetic by the basal layer of the endometrium and the vessels in the
“feeding leg” of the tumor is determined; (c) histological examination of the surgical material, stained with hematoxylin and eosin, x10;
d, immunohistochemical study, expression of p16.

Conclusion of the pathomorphological study: Moderately differentiated endocervical adenocarcinoma. The tumor grows into the stroma of
the cervix to a depth of 1.3 cm (2/3 of the thickness of the wall of the cervix in the transition zone). The tumor grows into the myometrium
(to a depth of 0.6 cm, 1/3 of the thickness of the uterine body wall) and endometrium. The vaginal part of the cervix is covered with a
multilayer flat epithelium.

DAl https://doiorg/1017816/DD565195
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low-grade cervical glandular intraepithelial neoplasia), but it
is effective in the detection of the earlier stage CA (stage IA).
This is attributed to the predominantly endocervical location
of CA, within the cervical crypts, which complicates the
sampling of material containing atypical cells [25]. Islami F
et al. found the increased incidence of CA in situ and invasive
CA, mainly in young women aged 35-54 years, owing to
improved CC screening [12]. Similar data were obtained in
studies by Chan ZF et al. and Suh DH et al. [4, 26].
Regarding precancerous conditions, gastric-type
endocervical carcinoma is preceded by endocervical
glandular hyperplasia, including atypical adenocarcinoma
in situ [27, 28]. In the present study, 50% of the patients had
preexisting cervical diseases (e.g., chronic cervicitis); atypical
adenocarcinoma in situ was found in one patient with history
of multiple cervical conization caused by severe dysplasia
(CIN 1lI). Ten patients had endometriosis.
In this study, despite the high diagnostic value of MRI
in detecting and assessing the extent of CC, the tumor was
not visualized with multiparametric scanning tomography
in 2 patients (9%) with histologically confirmed CA. This
may be due to the small volume of the tumor and its
lateral-spreading growth along the cervical canal and the
technical limitations of this imaging modality.
Good results were obtained when comparing MRI and
pathology examination data:
» The overall accuracy of MRI in assessing the depth of
cervical stromal invasion was 70%, with a sensitivity
of 87.5%.

« In assessing tumor extent (T-staging), the accuracy
was 72.3% and the sensitivity was 77.8%.

In our study, in the case of underdiagnosis (n=1),
differences were associated with tumor necrosis leading to
magnetic resonance signal heterogeneity in T2-WI and not
accounted for in size measurement. In cases of overdiagnosis
(n = 2), difference was due to severe uterine deformity in
mixed adenomyosis and submucosal leiomyomas.

Despite the several advantages of MRI, foreign literature
showed frequent discrepancies between clinical staging and
surgical findings, with a tendency to underestimate stage; the
higher the stage, the greater the discrepancy. For CA, these
differences were even more significant [29, 30].

In addition to objective errors in assessing the extent of the
various histologic forms of CC, overdiagnosis results from the
concomitant inflammatory infiltration following invasive cervical
manipulation or necrosis of large tumors. Underdiagnosis may
result from the accumulation of retention cysts in the vaginal
cervix, including the area around the external orifice, which
complicates assessment of the structure of the epithelial lining
and underlying cervical stroma [31].

For CA seeding in the endometrium, a locally invasive
growth of endometrial seeding lesions and some CA lesions
located in the isthmus and in the middle third (m/3) of the
endocervical canal were noted, along with the formation of
a pedicle and visualized feeding vessels (41%). This finding
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is described for the first time and has not been analyzed
in previous studies. We believe that the neoangiogenesis
in the tumor, which is fed by arcuate and large intramural
vessels of the myometrium on MRI, indicates aggressive
tumor growth, a high probability of lymphovascular invasion
(LVI+), an increased probability of lymph node metastasis,
and a poor prognosis. However, owing to the small number
of reports and the lack of comparison with pathology data
(because of the retrospective nature of the data analysis), the
characteristics identified are rather observational and require
further scientific research.

The ability of CA to seed the endometrium has been
reported in several studies and is explained by a “seed
and soil” theory, i.e., the detachment of some cancer cells
from the primary tumor site, their migration into the uterine
cavity, and their implantation in the endometrium [32]. Cell
implantation with subsequent formation of feeding vessels
and the predominantly uterine location of the growing
seeding lesion can be explained by the better blood supply
to the myometrium compared to the cervix with dominating
fibrous tissue in the stroma.

The use of diffusion-WI and analysis of ADC maps
increases the efficiency of this modality compared to
standard MRI [33, 34]. Kuang F. et al. showed that ADC is
a reliable marker for differentiating CC from normal cervix,
with high diagnostic accuracy (ADC for CC was significantly
lower than for normal cervix: 0.81 £ 0.13 x 107 mm?/sec
vs. 1.41 £ 0.10 x 107 mm?/sec). Moreover, ADC can be
used to determine the grade of differentiation and histologic
type of CC. However, there is some overlap between the
values. The higher the ACD, the more differentiated the
tumor is [34, 35]. In the present study, the mean ADC in the
region of interest was 0.833 x 10~ mm?/sec (range: from
440 x 1073 mm?/sec; to 1,282 x 10~ mm?/sec), which is
generally consistent with literature data.

There are data on the difference in ADC between cervical
squamous cell carcinoma and CA; ADC is significantly lower
in squamous cell carcinoma [36].

Lin Y-C. et al. demonstrated that in cases of inconsistent
morphology, the tumor ADC can be used to differentiate its
histologic type: the mean ADC was significantly lower in EC
(0.766 x 10 mm?/sec) than in CC (0.969 x 10~ mm?/sec). In EC,
the tumor was reported to have predominantly longitudinal
growth in the cervix, whereas in CC, the growth pattern was
predominantly oval [37, 38]. Tarachkova EV et al. evaluated
semiotic differences between CA and cervical squamous
cell carcinoma. In 90 patients with histologically confirmed
CC, adenocarcinoma was found to have a more intense and
less heterogeneous signal on T2-WI, with fat suppression
compared to squamous cell carcinoma [39].

Determining the location of the primary tumor was crucial
in the differential diagnosis of uterine adenocarcinoma based
on MRI data. Endocervical adenocarcinoma with endometrial
involvement and endometrial adenocarcinoma with cervical
involvement cannot be distinguished based on signal
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characteristics in most cases. As this study has shown, one
should not rely solely on the location of a larger tumor volume.

In the current study, only 65% (13 of 20) of histologically
confirmed endocervical CAs were localized exclusively in the
cervix. In 35% of cases (7 of 20), the tumor mimicked EC,
with tumor lesions found in the uterine cavity and along the
cervical canal. In cases with endocervical adenocarcinoma
seeding lesions in the endometrium (3/20, 15%), the size of
the tumor implantation in the endometrium exceeded the size
of the primary cervical tumor in 2 patients (Fig. 5d). In 2009,
a similar pattern in CA growth was reported by Yemelyanova
A et al. from the Johns Hopkins University. Scientists
evaluated 10 cases of CA with concomitant involvement of
the uterine body and cervix and concluded that endometrioid
adenocarcinoma with minimal cervical involvement often
turned out to be cervical adenocarcinoma [40].

Pathology and immunohistochemistry are objective
methods for differential diagnosis of complicated cases
of adenocarcinoma of the cervix and uterine body.
However, it should be noted that even pathology and
immunochistochemistry do not reveal a definitive diagnosis in
100% of cases, as some endometrioid adenocarcinomas are
difficult to distinguish from endocervical CA; partial staining
of the latter for p16 and estrogen and progesterone receptors
is possible [17]. Endometrioid CA should be diagnosed with
caution. Generally, endometrioid adenocarcinoma of the cervix
and uterine body may have a similar immunohistochemical
profile [41]. In the case of simultaneous lesions of the uterine
body and cervix, it is crucial to exclude advanced endometrial
and ovarian adenocarcinoma and correlate clinical and
diagnostic data, as the primary location of the tumor will be
critical in the choice of treatment strategy and chemotherapy
regimens. According to the IECC, the term “endometrioid
carcinoma” refers to tumors with low-grade endometrioid
glands and confirmatory endometrioid features (squamous
metaplasia or endometriosis) [41].

Therefore, differential diagnosis of complicated cases of
adenocarcinoma of the uterine cervix and body should be
based on a comprehensive examination of a patient, including
history-taking and physical examination, confirmatory
morphology, immunohistochemistry, and MRI.

CONCLUSION

Owing to infiltrative tumor growth, frequent location
in the upper cervical canal and mucosa of the isthmus,
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Magnetic Resonance Imaging in the Evaluation
of Pectus Excavatum

Gulishe S. Muzafarova, Marina V. Vishnyakova, Alexander S. Abramenko,
Vladimir A. Kuzmichev, Vladimir V. Gatsutsyn

Moscow Regional Research and Clinical Institute, Moscow, Russia

ABSTRACT

BACKGROUND: Magnetic resonance imaging is more often used to confirm the presence of pectus excavatum and assess
compression changes in the heart at this level.

AIM: To evaluate pectus excavatum preoperatively according to magnetic resonance imaging findings.

MATERIALS AND METHODS: A retrospective evaluation of chest magnetic resonance imaging data of 38 patients (male,
n = 30; female, n=8) was performed. The average age was 19.9 years (+9 years).Cardiac magnetic resonance imaging
was performed on a 1.5-T General Electric Optima MR450w GEM scanner with 2D-FIESTA-C pulse sequences, as well as
functional assessment of the left and right ventricles. Parameters for surgical treatment of pectus excavatum were as
follows: the Haller index, correction index, and sternum rotation angle. Statistical analysis of the relationship between
the Haller index, correction index, and sternum rotation angle and ejection fraction of the right ventricle was conducted.
A p-value <0.05 was considered significant.

RESULTS: Moderate and severe pectus excavatum were found in 92% of the cases. No significant Pearson correlation was
obtained between the Haller index and right ventricular ejection fraction (inspiratory and expiratory ejection fraction, P=0.777
and 0.798, respectively). The mean right ventricular ejection fraction was 46%. A correlation was noted between the Haller index
and the correction index (P < 0.05). The rotation angle of the sternum, which required modification of surgical intervention, was
detected in 44.7% of patients.

CONCLUSION: Magnetic resonance imaging is an informative diagnostic method for pectus excavatum pectus excavatum
without radiation exposure and enables detailed preoperative assessment. A correlation was noted between the Haller index
and the correction index (P < 0.05). Magnetic resonance imaging revealed a decrease in the ejection fraction of the right
ventricle.

Keywords: pectus excavatum; magnetic resonance imaging; right ventricle ejection fraction; Haller index; correction index;
sternal torsion angle.
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MaruuTtHo-pe3oHaHcHasa ToMorpagus
npyu BOPOHKOO6pasHoi pedopMaumm rpyaHOU KNETKK

I.C. Mysadaposa, M.B. BuwHskosa, A.C. Abpamenko, B.A. Ky3bmuues, B.B. MauyubiH

MocKoBCKUI 0611aCTHON Hay4YHO-MCCNe0BATENbCKMIA KITMHUYECKUA HCTUTYT uMenn M.O. Bnagumupckoro, Mockea, Poccus

AHHOTALIMA

06ocHoBaHMe. MarHuTHo-pe3oHaHcHas ToMorpadua valle NpUMEHSETCS NS NOLTBEPXAEHWUS (haKTa HauuMs BOPOHKO-
obpasHoli fedopMaLmu FpyLHON KNETKW, a TaKKe ANS OLEHKW KOMMPECCUOHHBIX U3MEHEHWI CepAiLia Ha 3TOM YpOBHe.

Lilenb — npuuenbHas npefonepaunoHHas oLeHKa BOPOHKO0Opa3HoM aedopMaumm rpyAHON KNETKM NO LaHHBIM MarHUTHO-
Pe30HaHCHOW ToMorpaguu.

Matepuans! u MeToppl. [poBefieHa peTpOCNEKTMBHAS OLEHKA MarHUTHO-Pe30HaHCHOI ToMorpadum opraHoB rpyaHoi KneT-
Kn y 38 naumenToB (30 MyxKcKoro nona, 8 xeHckoro nona). CpeaHuii Bospact — 19,9 roaa (9 ner).
MarHuTHo-pe3oHaHcHas ToMorpadua cepfua BoiNonHANAck Ha annapate General Electric Optima MR450w GEM 1,5 Tn ¢ uc-
MoNib30BaHUEM MMNYNbCHbIX NocnepoBatenbHocTel 2D-FIESTA-C ¢ aneKTpoKapamorpagmyeckon CUHXPOHM3aUMen ¢ QYHK-
LIMOHANLHOM OLLEHKOW COCTOSHMSA NIEBOT0 W NPABOro KemyA04KOB. bbinv noayyeHsl napaMeTpebl, HE0OX0AUMbIE ANS AaNbHEN-
LLEro OMepaTUBHOIO JIeHeHUs NaLMEHTOB MO NOBOLY BOPOHKO0BPa3Hoi AedopMaumm rpyanHel — MHAEKC Mannepa, UHOEKC
KOPPEeKLMW, Yrof poTaumuu rpyauHbl.

MpoBeneHa cTatucTyeckas obpaboTka MoMyYeHHbIX AaHHBIX, MOWUCK B3aMMOCBA3M MeXAY MHOEKCOM [annepa, MHLEKCOM
KOpPeKLWH, YINIOM poTaumm rpyauHbl U Gpakumeli Bolbpoca npaBoro enyaoyka. 3Havenune p <0,05 cuntanu rpanmuen cTa-
TUCTUYECKON 3HAYMMOCTMH.

Pesynbtatbl. B 92% cnyyaeB y naumeHTOB BbifBNIEHa YMEPEHHas W TAXENASA BOPOHKO0Opa3Has AedopMaLys rpyAHON KieT-
Ku. [pn noucKe B3aMMOCBS3M MeXAY 3HaYeHUAIMM UHAeKca lannepa u dpakumen Bbibpoca NpaBoro Xenyaouka He bbinio
MONYYeHO CTAaTUCTMHECKM 3HauMMoi Koppensaumu Mupcona (p=0,777 pna 3HauyeHun Gpakummn Boibpoca Ha Baoxe u p=0,798
ANs 3Ha4eHW Gpakuum Bbibpoca Ha BbiAoxe). CpeaHee 3HayeHue dpakumm Bbibpoca NMpaBoro xenyaoyuKa coctaBuno 46%.
Mpy cTaTUCTMYECKOM aHanu3e no Mepe yBenuueHus uHpekca lannepa (yBennyenue crenequ gedopMauumn opraHoB rpyaHoi
KJEeTKM) BbII0 0TMEYEHO YBenMYeHWe uHaeKca Koppekumm (p <0,05). 3HaueHus yrna poTaumu rpyauHbl, notpeboBasLume Mo-
AMOUKaLMU onepaTMBHOro BMeLLaTenbcTBa (bonee 15°), bbinm BoisBneHbI Y 44,7% naumeHToB.

3aknoyeHne. MarHuTHo-pe3oHaHcHas ToMorpadus — BbICOKOMH(OPMATMBHbIA METOA AMArHOCTUKW NPW BOPOHKO0Bpa3HoM
AedopMaLmmn rpyaHoOI KNeTku: 6e3 Jly4eBon Harpy3Ku U ¢ BO3MOXHOCTbIO NOAPOOHOI NpesonepaLMoHHON OLEHKM NaToso-
TUYECKWX U3MEHEHUN.

MonydeHbl AaHHbIE 0 HANMYMM KOPPENSLMM MeXy 3HauyeHuaMU uHaekca lannepa u nHaekca Koppekuum (p <0,05). Kpome
TOrO, N0 AaHHLIM MarHUTHO-PE30HAHCHO TOMOrPauu BhISIBNIEHO YMEHbLLEHUE (paKLuMW BbIDpOCa NpaBoro Xenynouka.

KnioueBble cnioBa: BopoHKooGpasHas fedopMaums rpymHONM KIETKU; MarHUTHO-pe30HaHCHas ToMorpadus; dpakums
BbIGpOCa NPaBoro JKenynouKa; MHAeKc fannepa; MHAEKC KOpPPEKLMM; Yrof poTaLum rpyayHbi.
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BACKGROUND

Pectus excavatum (PE) is a prevalent developmental
chest wall deformity affecting 1:300-1:1,000 newborns,
with clinical manifestations most commonly observed at
10-12 years of age and during puberty [1, 2].

The sternum and anterior ribs “sink” into the thorax in
PE, resulting in a depression of varying depth and shape. The
chest wall deformity is believed to be the result of aberrant
rib cartilage development, which causes progressive
displacement of the sternum due to their excessive growth.
The attachment of ribs 6 and 7 to the sternum is where the
most substantial alterations are observed. Pectus carinatum,
a protrusion chest deformity also known as “keel chest,” is
diagnosed when the sternum is displaced forward. “PE,” or
“funnel chest” deformity, is diagnosed when the sternum is
displaced inward [2].

In addition to cosmetic defects, PE is linked to
displacement of mediastinal organs and structures and
compression of lung tissue, which can impact heart and lung
function and reduce physical activity [3-6].

Due to its accessibility and speed, computed tomography
(CT) is widely employed to evaluate the degree of deformity
and the position of the mediastinal organs in relation to the
deformed chest wall [3].

Magnetic resonance imaging (MRI) is also used to
verify the presence of a deformity and evaluate possible
compression of the heart [3]. MRI does not involve radiation
exposure and offers comparable diagnostic information
regarding the sternum and ribs to CT. Nevertheless,
there are only a limited number of sources that provide
comprehensive information regarding the informative value
of MRI in evaluating the parameters required for surgical
planning [4].

Given the significance of establishing the appropriate
indications for the surgical treatment of PE, the severity of
this malformation is assessed using several parameters,
including the Haller index, the correction index, and the
sternal rotation angle.

The Haller index is determined using axial scanning.
This index is calculated by dividing the transverse diameter
of the chest wall (the maximum distance between the
inner surfaces of the ribs) by the anteroposterior diameter
of the chest (the distance between the posterior aspect of
the sternum and the anterior aspect of the vertebra) [7]. In
PE, the anteroposterior diameter decreases because of the
depression of the sternocostal complex, which causes the
Haller index to increase [8]. The Haller index is classified as
follows:

+ Normal: <2.0

+ Mild PE: 2.0-3.2

+ Moderate PE: 3.2-3.5

- Severe PE: >3.5

Surgical treatment of PE is indicated when the Haller
index exceeds 3.25.
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The correction index is defined as the ratio of the
expected increase in thoracic deformity of the corrected
sternum (as reflected by the formula calculating the
difference between the maximum size and the available
minimum size) to the maximum anterior and posterior
internal chest size, expressed as a percentage. The
correction index has been used to guide the treatment of
PE patients only recently [9].

The sternal rotation angle is a critical parameter in PE
patients, as understanding the severity and direction of
the angle is required for appropriate subsequent surgical
planning [10].

STUDY AIM

To construct a targeted evaluation of PE parameters
using MRI.

MATERIALS AND METHODS
Study Design

This single-center retrospective study evaluated heart
and chest findings in 38 patients.

Eligibility Criteria
Inclusion criteria:
+ Examination for PE
+ Available heart and chest MRI scans
+ Signed informed consent form
Exclusion criteria:
« Electronic pacemaker, metal elements inside body
« Claustrophobia
+ Inadequate patient behavior

Description of Medical Intervention

Heart MRI was performed as part of the preoperative
evaluation employing a General Electric Optima MR450w
GEM 1.5 T scanner (GE Healthcare, USA) with 2D-FIESTA-C
pulse sequences. A functional evaluation of the left and
right ventricular myocardium was incorporated into the
electrocardiographic synchronization protocol. The functional
examination used standard sequences to acquire cine images
of the heart (balanced gradient echo) in standard cardiac
axes (long 2- and 4-chamber, short 2-chamber axes).
The right ventricular ejection fraction was determined in a
semiautomatic mode (with manual adjustment of the values
obtained) during inspiration and expiration.

Haller index, correction index, and sternal rotation angle
were also evaluated as parameters necessary for the further
surgical management of patients with PE during the cardiac
function assessment.

Ethical Review

The heart MRI was conducted as part of the preoperative
evaluation in response to the request of clinicians. Therefore,



https://doi.org/10.17816/DD568087

ORIGINAL STUDY ARTICLES

no ethical review was performed during the retrospective
evaluation of the studies conducted.

Statistical Analysis

The sample size required for the study was not
precalculated. The mean values and standard deviations of
the measured parameters were calculated for the statistical
analysis of the data obtained. The Shapiro-Wilk test was
used to determine the normality of distribution of the
quantitative parameters. Pearson correlation coefficient and
Spearman'’s rank correlation coefficient were used to evaluate
the correlation between the quantitative characteristics.
The P-value, along with the 95% confidence interval limits
and correlation coefficients, were reported. A two-sided
significance level was estimated. A P-value of <0.05 was
considered to be statistically significant. The GraphPad Prism
9 (GraphPad Software, USA) was employed for the analysis.

RESULTS

Study Subjects

This retrospective study analyzed the heart and chest MRI
data of 38 patients (30 males, 8 females). The mean age was
19.9 years (£9 years).

Haller Index

Patients were divided into three subgroups based on
the Haller index (Fig. 1, Table 1). Mild PE patients did not
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require further surgery. The surgery was performed for
patients with moderate to severe chest wall deformities.

When assessing the correlation between the Haller index
and the right ventricular ejection fraction, no statistically
significant Pearson correlation was observed (P = 0.777
for inspiratory ejection fraction and P = 0.798 for expiratory
ejection fraction) (Fig. 2, Table 2). The mean right ventricular
ejection fraction was 46%.

There was no statistically significant association
between the Haller index and the sternal rotation angle
(P =10.9489).

Correction Index

The mean correction index in this study was 31.5 (x11)
(Fig. 3). The correction index increased in tandem with
the Haller index (the degree of chest wall deformity),
as indicated by the statistical analysis P < 0.05 (Fig. 4).
For instance, the mean correction index was 13, 24,
and 35 in patients with mild, moderate, and severe PE,
respectively.

No statistically significant association was detected
between the sternal rotation angle and the correction index
(P = 0.35) as well as between the correction index and the
right ventricular ejection fraction (P = 0.1).

Sternal Rotation Angle

The sternal rotation angle is a crucial factor in planning
the treatment strategy (Fig. 5).

263.0 mm

A 80.9m [rl

Z: @ _

A/

H ~—
a0n .

Fig. 1. Chest magnetic resonance imaging at the level of maximum
deformity; (a) the Haller index of 3.1; (b) the Haller index of 3.3; (c) the
Haller index of 5.2.
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Table 1. Patient distribution based on the Haller index
Pectus excavatum
Mild Moderate Severe
Number of patients 3 6 29
The mean Haller index 2.8 3.3 5.1
The standard deviation for the Haller index 0.4 0.1 1.8
Age Sternal rotation angle Haller index Correction index RVEF, inspiration RVEF, expiration
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Fig. 2. Correlation data for the study parameters. RVEF, right ventricular ejection fraction.

Table 2. Correlation between variables (the Haller index, sternal rotation angle) and the right ventricle ejection fraction on inspiration and
expiration

Right ventricular ejection fraction

Variable Correction index — —
Inspiration Expiration
Sternal rotation angle R=0.19 R=0.18 R=0
P =10.255 P =0.306 P=0.99
Haller index R=0.7 R=-0.05 R=-0.04
P < 0.001 P=0.777 P=0.798
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Fig. 3. Chest magnetic resonance imaging at the level of maximum deformity; (a) the correction index of 7%; (b) the correction index of 32%.
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Fig. 4. Correlation data for the Haller index and the correction index
(P<0.05).

An angle of >150° was considered significant for surgery
and was reported in 44.7% of the total number of patients
(Table 3). This position of the sternum required a unique
oblique positioning of the sternal plate. The plate was
positioned “toward” the acute sternal angle in preparation

for subsequent rotation. Consequently, the sternal plate was
transferred from the upper intercostal space on the right
to the lower intercostal space on the left by traversing the
apex of the deformity with sternal rotation when the acute
angle expanded to the right (Fig. 6a). This occurred in 86%
of all sternal rotation cases. In the case of the acute angle
expanded to the left (14% of all cases), the sternal plate
was accessed from the lower intercostal space on the right,
through the apex of the deformity to the higher intercostal
space on the left (Fig. 6b).

DISCUSSION

Conventionally, CT has been widely employed for
diagnosing PE and evaluating diverse parameters due to
its accessibility [11]. Radiation exposure is a clear limitation
of chest CT; consequently, scanning protocols have been
altered in recent years to mitigate this concern [12].

MRI is less frequently used to diagnose PE and is more
time-consuming. However, it has the advantage of not
exposing the patient to radiation and enables evaluation of
compressive changes in the heart.

Fig. 5. Chest magnetic resonance imaging at the level of maximum deformity; (a) the sternal angle rotation of 14.3°; (b) the sternal angle

rotation of 31.1°.
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Table 3. Patient distribution based on the sternal rotation angle

Sternal rotation angle <15°

Number of patients 21

The mean angle 10°

Sternal rotation angle >15°

Number of patients 17

The mean angle 26°

Several different indices are described in the literature
to evaluate PE. The Haller index is one of the most used
indices to identify patients requiring surgical treatment of the
deformity. The threshold value for surgery is 3.25. However,
some studies have recently demonstrated potential problems
associated with the exclusive use of the Haller index for
surgical planning. For example, the Haller index does not
correlate with age, other parameters of surgical treatment,
or potential postoperative complications [13]. Furthermore, a
separate study of the Haller index revealed that 48% of the
Haller index numerical values for PE patients and controls
overlapped [9].

Such data indicates the need to standardize data and
devise additional preoperative and postoperative indices [9,
13, 14]. The correction index is one of these parameters;
surgery is indicated when it is >28%, provided it correlates
with the Haller index [15]. The correction index can also be
utilized to compare postoperative outcomes.

In our study, the Haller index, the correction index, and
the sternal rotation angle are consistent with the clinical

Vol.5 (2) 2024
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status of the patients and the previous studies on the
preoperative evaluation of chest wall deformities using CT
and MRI [16, 17].

The mean right ventricular ejection fraction in patients
with PE was decreased to 46% in our study. Such findings
align with research data reporting the diminished right
ventricular ejection fraction in patients with chest wall
deformities [18-20]. However, statistical analysis did not
reveal a correlation between the numerical values of the
Haller index and ejection fraction. This may be attributed to
the uneven distribution of patients based on the severity of
their deformity and requires further study.

Study Limitations

Our study is limited by its retrospective nature, a relatively
small patient sample size, an imbalanced distribution of
patients by progression of changes, and the absence of a
comparison with chest CT as the gold standard.

CONCLUSION

Our study revealed that MRI is a highly informative
diagnostic tool for PE that does not expose patients to
radiation and provides a comprehensive preoperative
assessment of abnormalities.

The Haller index and the correction index were found to
be correlated (P < 0.05).

Our study demonstrated the decreased right ventricular
ejection fractions in PE patients. Nevertheless, no correlation
was detected between this parameter and the Haller index,
and this may be attributed to the study limitations.

%

Fig. 6. Frontal chest X-ray following pectus excavatum treatment. Plates positioned if the angle opens: (a) right; (b) left.
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ABSTRACT

BACKGROUND: A unified system for assessing the results and real contributions of telemedicine consultations to improving
medical care quality in the healthcare system of the Russian Federation has not yet been developed.

AIM: To develop a system of indicators for differentiated assessment of the needs for telemedicine consultations in the
provision of medical care.

MATERIALS AND METHODS: In the first stage, reports on the results of on-site activities of national medical research centers
in regions of the Russian Federation and their annual public reports (2020-2022) were analyzed to identify indicators that
determine the need for telemedicine consultations. The identified indicators were clarified and validated in an open interview
with the representatives of the national medical research centers. In the second stage, the value of each indicator was
determined based on the expert survey: 18 experts assessed each indicator on a scale of 1-5. Then, the weight coefficient of
each indicator was calculated for their subsequent use in planning the coverage of telemedicine consultations.

RESULTS: Three groups of indicators that determined the need for telemedicine consultations for different medical care profiles
were as follows: (1) indicators that affect the planned volumes of telemedicine consultations, (2) indicators that characterize
the efficiency and effectiveness of telemedicine consultations, and (3) indicators that characterize the validity of requests for
telemedicine consultations. Group 1included indicators of lethality, disability, hospital mortality, frequency of emergency/urgent
consultations, and frequency of consultations of patients requiring intensive care. Group 2 included indicators for assessing
the effectiveness and efficiency of telemedicine consultations, both subjective (result satisfaction) and objective (number
of positive and negative treatment and hospitalization outcomes for cases that received where telemedicine consultations).
Group 3 included indicators that characterize the validity of requests for telemedicine consultations: thoroughness of a patient’s
examination before a telemedicine consultation and accuracy of the diagnosis. The weight coefficients of group 1 indicators
ranged from 0.05 to 1.1 and varied for different profiles.

CONCLUSION: A system of indicators was proposed for the differentiated assessment of the needs for telemedicine
consultations when providing medical care.

Keywords: need for telemedicine consultations; effectiveness; national medical research centers; profile of medical care;
indicator; weight coefficient.
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notpe6bHocTb B NpoBeAeHUMU TeneMeAULUHCKUX
KOHCY/NbTaLM1 NpU OKa3aHUM MeSULUHCKOW NMOMOLLM
pasnuyHbIX npodunei
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AHHOTALIMA

06ocHoBaHMe. Ha faHHbIA MOMEHT He cyLLecTBYeT pa3paboTaHHOM eAVHON CUCTEMBI OLIEHKW Pe3ysbTaToB U peanbHoro BKa-
A TeNeMeaNLIMHCKUX KOHCYMbTaLMi B MOBLILLEHWE KaYeCTBa OKa3aHUs MeJMLMHCKON NOMOLLM B CUCTEME 3[paBOOXPaHeEHUs
Poccuiickon Qepepaumm.

Lienb — paspaboTka cucTeMbl Nokasateneit ansa auddepeHUMpoBaHHON OLEHKM NOTPeBHOCTU B NpOBELEHUN TeNeMe ULIMH-
CKWX KOHCYNbTaLUWiA NPY 0Ka3aHUM MeAMLIMHCKOW NOMOLUM PasfiyHbIX Mpodunen.

Marepuans! u MeToapbl. MiccnepoBanve npoxoauno B ABa atana. Ha nepeoM 3tane 6biiv NnpoaHanu3upoBaHbl 0TYETHI MO pe-
3y/nbTaTaM BbIE3[HbIX MEPOMPUATUIA HALMOHAMbHBIX MEMLIMHCKUX WCCNeAoBaTebCKUX LIHTpOB B cybbekTbl Poccuitckon
®enepaunm 1 rofosble NybnMyHble OTYETHI 00 MX AesTenbHocTh 3a 2020-2022 rr. Ha NpeaMeT BbISBIEHUS NOKa3aTeneil,
ONpeAeNALLMX NOTPEBHOCTb B TeNeMeAMULMHCKUX KOHCYNbTaumsaX. BbisBieHHbIe NOKas3aTeNn YTOYHSAM W BaUAMPOBaHU
B OTKPbITOM WMHTEPBBLIO C MPEACTaBUTENAMU HALMOHANbHBIX MEAMLMHCKUX WUCCefoBaTenbCKuX LEeHTpoB. [lo pe3ynbratam
nepsoro 3Tana bbin copMupoBaH NepeyeHb NoKasaTenen AnA onpeAeneHns NoTpebHOCTU B TeneMeANLMHCKUX KOHCYIIb-
TaUMsaX Mo pasfMyHbIM NPodMIsM MeaMUMHCKON noMolum. Ha BTopoM 3Tane 18 3KcnepToB NMpoXoawiu onpoc, B KOTOPOM
OLieHMBaNach 3Ha4YMMOCTb KaXaoro nokasatens B 6annax ot 1 o 5 u paccunTbiBanMch BecoBble KOIQPUUMEHTBI KAXKLOMO
MnoKasaTens 1S UX NocieaytoLLero UCNosb30BaHUs NpY NaHMPOBaHUM 0OBbEMOB TENEMEMULIMHCKUX KOHCYNbTaLWA.
Pesynbtathl. BbifeneHo Tpu rpynnbl nokasatened, OMpeAensiowyx NoTpebHOCTb B TeNeMeAMLMHCKUX KOHCYNbTaLmsx
ANS pasinyHbIX Npoduneit MeAULMHCKOW moMolum: 1) MoKasaTenu, BAUSIOWME Ha MNaHoBble 00bEMBI TeNeMeAULIMHCKUX
KOHCYNbTaLMIA; 2) NOKa3aTesu, XapaKTepusyloLLye pesyibTaTUBHOCTb M 3G MEKTUBHOCTb NMPOBEAEHNS TeleMeANLMHCKUX KOH-
CynbTaumi; 3) nokasaTeNu, xapakTepusylolme 060CHOBAHHOCTb 3aNpoCOB Ha TefneMeauuMHCKWe KoHcynbTaumu. K nepson
rpynne OTHOCATCA MOKa3aTeny, OTPaXaloLLMe COCTOSIHUE 3[,0pPOBbA MALMEHTOB U HEKOTOPble 0COBEHHOCTU OKa3aHUs Meau-
LIMHCKOM NOMOLLM 3TOro Npodmns (CMepTHOCTb, MHBANMAHOCTb, DObHUYHAS NIETANbHOCTb, HYACTOTa IKCTPEHHBIX/HEOTIOMKHBIX
KOHCYNbTaLMIA M KOHCYNbTaLMii peaHMMaLMOHHbIX MauymeHToB). Bropas rpynna BKoYaeT nokasatenu cybbeKTUBHOW U 06b-
€KTMBHOM OLLEHKWU Pe3ysbTaTMBHOCTU W 3PEKTUBHOCTU NPOBEAEHUA TENEMEOMLMHCKUX KOHCY/bTaUMiA, rae CybbeKTUBHaS
OLieHKa BKJII0YaeT YA0BNETBOPEHHOCTb pe3ybTataMu TMK, a 06beKTUBHAA — YKUCIIO NONOKMTESBHBIX M OTPULIATENbHBIX UC-
X0A10B 3a00/1€BaHUA W UCXOL,0B FOCMMTANM3aLMi, NO KOTOPLIM bbini NpoBefeHb TENeMeAMUUMHCKME KoHCynbTauuu. K TpeTbent
rpynne OTHeCEHbI NOKa3aTeN, XapaKTepu3yloLLme 000CHOBAHHOCTb 3aNpOCOB Ha TeNeMeNULMHCKWE KOHCYNbTaLMU: NOJHOTA
obcnefioBaHMA NauMeHTa Nepeq, KOHCYNbTaUuMel, KOPPEKTHOCTb YCTaHOBNIEHHOMO IUAarHo3a, 3KCnepTHas OLeHKa BO3MOXHO-
CTU NPUHATUS CaMOCTOSATENIBHOMO PELLEHWS HA YPOBHE PervoHa MM MeAMLMHCKOW opraHm3auuv. BecoBble Ko3hduLMEHTI
3HaUMMOCTM MOKa3aTesiel nepBoii rpynnbl Bapbuposau ot 0,05 fo 1,61 1 otanyanmuch 4nis pasHbix npodunei.
3akuiouenue. [lpefioxeHa cucteMa nokasateneit ansa auddepeHUMpoBaHHON OLEHKW MoTpebHOCTM B MpOBEAeHUM Tene-
MeJMLIMHCKUX KOHCYTbTaLWN NPY OKa3aHM MeAULMHCKOW NMOMOLLYM pasnuyHbIX Npoduneil.

KnioueBble cnosa: I'IOTpEﬁHOCTb B TeJleMeJULUMHCKUX KOHCYNbTaunAx; 3d)d)€KTVIBHOCTb; HalMOHaNIbHble MeAUUUHCKue
uccnenoBatesibCKue LEeHTPbI; I'Ip0¢)VIJ'Ib MeULMHCKOW MOMOLLM; NOKa3aTeslb; BeCOBOI KO3¢¢)MLI,VIEHT 3Ha4NMOCTH.
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BACKGROUND

Telemedicine is a highly effective and innovative
healthcare service in different treatment areas [1]. Its
widespread use reduces the time patients spend in
healthcare organizations, increases the availability of
healthcare—especially in underpopulated countries—hy
increasing the coverage of diagnostic tests and outpatient
follow-up, and increases patient satisfaction with the
overall quality of healthcare [2].

Telemedicine has been shown to increase the accessibility
and clinical effectiveness of care and improve patient
satisfaction across treatment areas [3, 4]. Additionally,
evidence suggests that it helped contain the spread of
COVID-19 during the pandemic [5]. Telemedicine has also
proven effective in remotely monitoring the health status of
patients with various diseases [6-9].

In the Russian Federation, a significant proportion
of telemedicine consultations (TMCs) are performed by
National Medical Research Centers (NMRCs). One of the
primary objectives of the Federal Project “Development of
the NMRC Network and Implementation of Innovative Medical
Technologies” is the implementation of TMCs for regional,
republican, territorial, and district healthcare organizations
across the constituent entities of the Russian Federation.
Positive experiences with TMCs have been described in some
treatment areas:

+ General Practice [10],

+ Psychiatry and Psychiatry/Narcology [11-13],

« Ophthalmology [14],

+ Oncology [15],

« Surgery (Transplantology) [16],

+ Anesthesiology and Intensive Care in Pregnancy [17],

+ Obstetrics/Gynecology and Neonatology [18].

Positive experiences of using TMCs are confirmed by
“anchor” healthcare organizations of the constituent entities
of the Russian Federation [19]. However, there is still no
unified system for assessing the results and real contribution
of TMCs toward improving the quality of care in the Russian
healthcare system. Additionally, no factors have been
identified to enhance the efficient use of financial resources
allocated to the implementation of TMCs.

STUDY AIM

The aim of this study was to develop a system of
parameters to differentiate the need for TMC in different
treatment areas.

MATERIALS AND METHODS

The study included two phases:

1. Creating a list of parameters that determine the need
for TMC in the delivery of healthcare services in various
treatment areas,

Vol.5 (2) 2024
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2. Conducting a quantitative assessment of the
significance of each parameter using a weighting coefficient.

The list of parameters was based on studying the
established practice of TMC and its evaluation, including the
following:

« Analysis of analytical reports on NMRC field events in
the constituent entities of the Russian Federation and
annual public reports on the activities of NMRCs for
2020-2022 in order to identify parameters influencing
the need for TMC,

« Open interviews with representatives of the NMRCs to
clarify and validate the identified parameters.

The expert survey was used to assess the quantitative
significance of each parameter. Based on the results of the
expert survey, weighting coefficients were calculated to
assess the significance of parameters that determine the
need for TMC in different treatment areas.

A structured form was developed to analyze the NMRC
reports, including the following:

+ Parameters used by the NMRC to determine the need

for TMC,

« Specific and general suggestions for improving the
effectiveness and efficiency of TMC,

+ Parameters that determine the technical feasibility of
TMC implementation in the constituent entities of the
Russian Federation,

+ Results of the assessment of the implementation of the
recommendations made by the NMRC professionals
during the TMC (if any).

Similar parameters determining the need for TMC were
grouped for subsequent validation through open interviews
with NMRC experts.

To clarify and validate the key parameters determining the
need for TMC, face-to-face open interviews were conducted
with 14 experts from five NMRCs. The experts were asked
to determine the relevance of the parameters selected in the
field report analysis phase, determine the scope of TMC for
each treatment area, and formulate additional conditions that
should be considered in determining the need for TMC for
different treatment areas.

Based on the results of the first phase, a list of potential
parameters was created to determine the need for TMC in
different treatment areas.

In the second phase, experts assessed the significance
of the listed parameters using a standardized form. To
participate in the interview, experts had to meet the following
criteria:

« At least 1year of experience participating in the Federal
Project “Development of the NMRC Network and
Implementation of Innovative Medical Technologies,”

+ At least 5 years of experience in management and
methodology development at the level of constituent
entities of the Russian Federation,

» Experience in planning and implementing TMC,
calculating the cost of implementing TMC, and/or
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analyzing the effectiveness of implementing TMC at
various levels,

« A self-assessed expertise level of 0.5 points' [20].

In total, 18 experts participated in the survey: heads of
structural departments responsible either for management
and methodology development in the constituent entities of
the Russian Federation or for TMCs, as well as specialists
of NMRCs and the Federal State Budgetary Institution “The
Center of Expertise and Quality Control of Medical Care” of
the Ministry of Health of the Russian Federation. The mean
coefficient of expertise was 0.58.

Each expert was asked to rate the significance of
considering each parameter on a scale of 1to 5, with 1 being
the least significant and 5 being the most significant. It was
suggested that the significance of the parameters influencing
the planned scope of TMC be evaluated separately for each
treatment area. To assess the significance of parameters
of effectiveness and efficacy of the TMC implementation
and the validity of corresponding requests, it was decided
not to use reference to specific treatment areas since, in
an open interview, the majority of experts agreed that the
significance of these parameters does not vary depending on
the treatment area.

For each parameter, an average score (based on all
expert responses) was calculated in points. Subsequently,
the concordance of expert opinions was assessed using
Kendall's W [21], which is a statistic ranging from 0 to 1 that
characterizes the concordance of expert opinions (ranks) for
a set of criteria. The degree of expert opinion concordance
was considered unsatisfactory at W < 0.3, intermediate at
0.3 <W<0.7, and high at W > 0.7. To ensure the significance
of the differences in the identified parameter correlation, the
coefficient of concordance was evaluated using the Friedman
test. Statistical analysis was conducted using Statistica 10
(StatSoft, Tulsa, OK, USA).

The final weighting coefficients for all parameter profiles
were calculated by multiplying the mean assessment
value by Kendall's coefficient of concordance. Weighting
coefficients for parameters influencing the planned scope of
TMC were calculated for each profile separately. This was
done for parameters of TMC effectiveness and efficacy and
the validity of corresponding requests without reference to
specific treatment areas.

RESULTS

A review of the NMRC reports and open interviews with
NMRC experts identified three groups of parameters that
determine the necessity of TMC for a range of treatment
areas:

Vol.5 (2) 2024
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1. Parameters influencing the planned scope of TMC,

2. Parameters characterizing the effectiveness and
efficacy of TMC implementation,

3. Parameters characterizing the validity of requests for TMC.

Parameters Influencing the Planned Scope
of Telemedicine Consultations

The planned scope of TMC is defined by specific
parameters that reflect the health status of patients who
are receiving healthcare services in the specific treatment
area, as well as certain characteristics of such services. The
parameters are divided into five subgroups:

1. Mortality rates from diseases covered by the treatment
area,

2. Disability rates,

3. In-hospital mortality rates,

4. Rates of emergency/urgent consultations (among all
TMCs),

5. Rates of intensive care consultations (among all TMCs).

Table 1 shows the most used parameters in the various
subgroups.

Parameters Characterizing the Effectiveness
and Efficacy of Telemedicine Consultations

The effectiveness and efficacy of the TMC are evaluated
using subjective and objective parameters.

Subjective parameters include the satisfaction level of
healthcare professionals in the constituent entities of the
Russian Federation with the TMC outcomes, which can be
assessed through surveys using a structured feedback form.
At some NMRCs, experts are already using forms that ask
guestions, such as:

« Are you satisfied with the outcomes of the consultation?

+ Does the outcome of the consultation meet the goals?

« Are you satisfied with the conclusion based on TMC results?

« Were the recommendations made during the

consultation followed?

+ Was the diagnosis clarified/changed as a result of the

consultation?

+ Was the treatment plan changed as a result of the

consultation?

+ Did you have any difficulties creating a TMC request?

+ Please rate whether the expectation of the request

matches the priority of the consultation (scheduled,
urgent, emergency).

+ Please rate your level of satisfaction with the work of

the TMC NMRC Group.

« Based on the TMC results, the patient was referred to

a federal healthcare organization for treatment/further
examination (“yes” or “no”).

! Each expert was asked to evaluate their level of expertise in three domains: k1 for the level of theoretical knowledge of a subject matter, k2 for the
level of practical knowledge (experience) of a subject matter, and k3 for the level of ability to predict future development of a subject matter. Each of
the three domains was rated by an expert using the following scale: 1 point for the high level, 0.5 points for the intermediate level, 0 points for the
low level. The coefficient of expertise (k) was calculated by averaging k1, k2, and k3.

https.//doi.org/10.17816/DD622846

182


https://doi.org/10.17816/DD622846

ORIGINAL STUDY ARTICLES

Vol.5 (2) 2024

Digital Diagnostics

Table 1. Parameters influencing the planned scope of telemedicine consultations (most frequently used by National Medical Research

Centers)

Subgroup

Parameters

Mortality rates from diseases covered by the treatment
area

Mortality rates per 100,000 for individual diseases or groups of diseases

by treatment area

Overall mortality rate 100,000 for all diseases by treatment area

Disability rates per 10,000 for individual diseases or groups of diseases

Disability rates

by treatment area

Overall mortality rate 10,000 for all diseases by treatment area

In-hospital mortality rates

In-hospital mortality in different surgeries by treatment area

Rates of emergency/urgent consultations (among all
TMCs)

Percentage of patients with various acute disease complications

by treatment area

Rates of intensive care consultations (among all TMCs)

Rates of major emergency and urgent conditions (ICD-10)
Prescription rate for a range of healthcare services (dialysis, ECMO, etc.)

Note. ECMO, extracorporeal membrane oxygenation; ICD-10, International Classification of Diseases, 10th revision; TMC, telemedicine consultations

Each question is suggested to be answered in points,
usually ranging from 1 to 5, with the overall score being the
final result.

To objectively assess the effectiveness and efficacy
of TMCs conducted by a constituent entity of the Russian
Federation, experts most often consider it necessary to
evaluate outcomes of diseases and hospitalizations for which
the TMC was performed. Based on open interviews with TMC
department heads, two parameters were recommended for
an objective assessment:

1. The percentage (or absolute number) of positive TMC
outcomes: recovery/improvement/remission + discharged/
referred to another healthcare organization, federal
healthcare organization, or NMRC,

2. The percentage (or absolute number) of negative TMC
outcomes: deterioration/progression/complications/death +
discharged/referred to another healthcare facility, federal
healthcare facility, or NMRC.

Parameters Characterizing the Validity
of Requests for Telemedicine Consultations

According to NMRC field reports and interviews with
NMRC specialists, the validity of TMC referral by healthcare
organizations of constituent entities of the Russian Federation
is influenced by the following:

» Scope of examination prior to the consultation,

+ The accuracy of the diagnosis,

« Expert assessment of the possibility for independent
decision-making at the level of region or healthcare
organization.

A complete examination of the patient before the
consultation indicates that all necessary tests, including
laboratory tests and imaging modalities, are conducted in
accordance with clinical guidelines.

Accuracy of the established diagnosis means that the
patient’'s diagnosis is fully consistent with the clinical
picture of the disease and that the wording and coding of

https.//doi.org/10.17816/DD622846

the diagnosis are consistent with the current International
Classification of Diseases and other generally accepted
classifications.

Experts evaluate the possibility of making independent
decisions at the regional or healthcare organization level,
considering the availability of human and material resources
for accurate diagnosis, the ability to perform appropriate
examinations and tests, prescribe the necessary treatment,
and the need for timely referral of a patient to another
healthcare organization, without conducting TMC with the
NMRC.

To determine the need for TMC, most experts have
suggested evaluating the share of justified TMC requests
from the total number of requests from a constituent entity
of the Russian Federation.

Assessment of Parameter Significance
and Calculation of the Weighting Coefficients

Table 2 shows the weighting coefficients based on expert
assessment for Group 1 (separately for different treatment
areas).

In Group 1, the significance of each parameter varied by
treatment area. For example, in Obstetrics/Gynecology, the
percentage of intensive care patients was the most significant
(coefficient of 0.92), and the disability rate was the least
significant (0.66). In Cardiology, the in-hospital mortality rate
was the most significant parameter (0.66), with the disability
rate being the least significant parameter (0.49). In Oncology,
the mortality rate was the most significant parameter (0.57),
whereas the disability rates and the percentage of emergency/
urgent TMCs were the least significant parameters (0.45).
In Medical Rehabilitation, the percentage of intensive care
patients and the disability rates were the most significant
parameters (0.14 and 0.13, respectively), and the mortality
rate was the least significant parameter (0.10). However,
all parameters had lower coefficients compared to other
treatment areas (except for Coloproctology and Geriatrics).
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Fig. 1. Four treatment areas with the highest weighting coefficients of the parameters influencing the planned scope of telemedicine

consultations. TMC, telemedicine consultations.

The highest weighting coefficients for all five
subgroups were found in four treatment areas such as
Anesthesiology/Intensive Care (Adults), Anesthesiology/
Intensive Care (Children), Anesthesiology/Intensive Care
(Pregnancy), and Infectious Diseases (Fig. 1). In these
treatment areas, the in-hospital mortality rate and the
percentage of intensive care consultations were the
most significant parameters. Less significant parameters
for Intensive Care included the mortality rate and the
percentage of emergency TMCs, and vice versa for
Infectious Diseases. The disability parameters were the
least significant.

Table 3 shows the weighting coefficients of the
parameter significance for Groups 2 and 3 (not related
to the treatment areas). The percentage of justified
TMC requests from the total number of requests from a
constituent entity of the Russian Federation was the most
significant parameter (0.0743). Subjective quality of TMC
(0.0679), the number of positive TMC outcomes (0.0658),
and the absolute number of negative TMC outcomes
(0.0638) followed.

DISCUSSION

Based on the analysis of established expert TMC
practices, our study generated a list of parameters to
assess the need for TMC in different treatment areas. The
significance of each parameter was evaluated using a
weighting coefficient.

Most of Russian studies included a qualitative assessment
of the effectiveness of TMC. For example, in several treatment
areas, the active use of TMC in constituent entities of the
Russian Federation has the following:

+ Reduced length of hospital stays by optimizing drug

therapy (Psychiatry and Psychiatry/Narcology [11-13]),

+ Improved the effectiveness of minimally invasive
surgery through adaptation of surgical techniques
(Ophthalmology [14]),

« Supported criteria for initiation of anticancer drug
therapy (Oncology [15]),

» Reduced postoperative morbidity and in-hospital
mortality rates in some healthcare organizations
(Anesthesiology/Intensive Care (Pregnancy) [17],
Obstetrics/Gynecology and Neonatology [18]).

Table 3. Weighting coefficients of parameters characterizing the effectiveness and efficacy of telemedicine consultations

Parameter Coefficient P-value Weig_h t_ing
of concordance coefficient
Significance of the subjective quality of telemedicine consultations based on 0.0679
a feedback form obtained from a constituent entity of the Russian Federation '
Significance of percentage (or absolute number) of positive TMC outcomes 0.01852 071453 0.0658
Significance of percentage (or absolute number) of negative TMC outcomes ' ' 0.0638
Significance of percentage of justified TMC requests from the total number 0.0743

of requests from a constituent entity of the Russian Federation

Note. TMC, telemedicine consultations

https.//doi.org/10.17816/DD622846
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Our parameters for determining the need for TMC are
partially consistent with those from other studies. For
example, a systematic review by Khanal S et al. [22] evaluated
46 papers on 36 TMC programs in different countries and
identified some predictors for the most appropriate and
effective telemedicine use. For example, such criteria
included treatment of urgent conditions (if real-time TMC is
possible); this parameter was also highlighted in our study.
However, Khanal S et al. did not quantify the significance of
the identified factors.

In an open interview, we clarified the parameters that
influence the need for TMC. A similar approach was used in a
Norwegian study, which also conducted open interviews with
key stakeholders at the national, regional, and local levels to
identify the main factors determining the use of telemedicine
by health authorities and healthcare organizations [23].
However, according to the study, organizational factors
were critical, including the integration of telemedicine into
daily healthcare services, a single body for telemedicine
management, and training of healthcare professionals in the
proper use of telemedicine.

Both studies emphasized the need for a quantitative
assessment of the parameters and factors that determine
the use of telemedicine and its necessity. The aim of
our study was not only to identify the most significant
parameters and factors that determine the need for TMC in
different treatment areas but also to develop a methodology
for quantitative assessment of parameter significance using
weighting coefficients.

A quantitative assessment of the parameter significance
and differentiated approach to treatment areas are the main
differences between our study and other similar studies,
which, in most cases, only conducted a qualitative assessment
of the factors influencing the use of TMC. Similar studies that
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Conventional Structural Magnetic Resonance
Imaging in Differentiating Chronic Disorders
of Consciousness

Anastasia N. Sergeeva', Sofya N. Morozova', Dmitrii V. Sergeev', Elena |. Kremneva',
Alexey A. Zimin', Lyudmila A. Legostaeva', Elizaveta G. lazeva?, Marina V. Krotenkova',
Yulia V. Ryabinkina', Natalia A. Suponeva', Michael A. Piradov'

" Research Center of Neurology, Moscow, Russia;
ZLLC “Three sisters” Rehabilitation center, Moscow, Russia

ABSTRACT

BACKGROUND: Differential diagnosis of chronic disorders of consciousness remains one of the most difficult problems even
for experienced clinicians.

AIM: To evaluate the inter-expert consistency and capacity of the researcher-developed structural scale based on magnetic
resonance imaging to differentiate chronic disorders of consciousness, named, DOC-MRIDS, on a larger sample of patients.
MATERIALS AND METHODS: Sixty patients with a clinically stable status diagnosed with consciousness disorders (vegetative
state, n = 32; minimally conscious state, n = 28) were enrolled. The revised coma recovery scale (CRS-R) was included in the
clinical assessment. All patients underwent structural magnetic resonance imaging with 3.0-T Siemens scanners including T2
and T1 sequences. Structural changes were assessed using the DOC-MRIDS scale and included the following features: diffuse
cortical atrophy, ventricular enlargement, gyri dilatation, leukoaraiosis, brainstem and/or thalamic degeneration, corpus
callosum degeneration, and focal corpus callosum lesions. A total score was calculated. Magnetic resonance imaging data
were analyzed by three neuroradiologists, and inter-observer agreement (Krippendorf's alpha) was assessed.

RESULTS: A high inter-examiner agreement of the DOC-MRIDS scale score was found, with a = 0.806 (95% confidence interval
0.757-0.849). The vegetative state group had a higher DOC-MRIDS score than the minimally conscious state group (P < 0.005).
A negative correlation was obtained between CRS-R and DOC-MRIDS scale scores (p = —0.457, P < 0.0001), individual clinical
scale domains, and magnetic resonance imaging features.

CONCLUSION: When assessing structural changes in patients with chronic consciousness disorders, the use of the DOC-MRIDS
scale helps differentiate the type of such disorders with sufficient specificity, sensitivity, and inter-rater agreement. This scale
can be used in clinical practice as an additional differential diagnostic tool.

Keywords: magnetic resonance imaging; structural assessment; chronic disorders of consciousness; unresponsive
wakefulness syndrome; minimally conscious state; differential diagnosis.
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AnddepeHumanbHas AUArHOCTUKA XPOHUUHECKUX
HapylleHW CO3HAHUA MO JaHHbIM CTPYKTYPHOM
MarHUTHO-pe30HaHCHOU ToMorpadum

A.H. Cepreesa', C.H. Mopososa', [1.B. Ceprees', E.B. Kpemuesa', A.A. 3umun’,
N.A. Neroctaesa', E.I'. fA3eBa?, M.B. Kpotenkosa', 10.B. Pabunkuna', H.A. Cynoxesa’,
M.A. Nupapos'

! HayuHbIit LeHTp Hesponorun, Mocksa, Poceus;
2000 «PeabunuraumoHHbIn LeHTp “Tpu cectpbl”», Mockea, Poccusa

AHHOTALIMA

06ocHoBaHue. [uddepeHumanbHas AMArHOCTUKA XPOHWYECKUX HapyLUEHUWA CO3HAHWA OCTAETCA CNOMHOM 3afavell Aame
ANS ONbITHBIX KJIMHULMCTOB. B cBA3M € 3TUM 1A OLIEHKM TaKUX NaLUMEHTOB aKTyanbHOM ABNseTCA pa3paboTKa MHCTpPYMeH-
TanbHbIX NOAX0A0B, NPEAOCTABNSIOWLMX [OMNONHUTENBHYI0 MHDOPMALMI0 0 AWarHo3e.

Llenb — oueHKa MeX3KCMepTHOW COrNacoBaHHOCTM M BO3MOXKHOCTEN MPaKTMYECKOro NpUMeHeHUs paHee MpeLioXeHHOI
LUKa/Ibl OLLEHKM M3MEHEHMI Ha OCHOBE CTPYKTYPHOI MarHUTHO-Pe30HaHCHOW ToMorpadmm ans auddepeHumanbHon auarHo-
CTUKM XPOHUYECKMX HapyLueHuid cosHanus (DOC-MRIDS) Ha bonee KpynHoM BbIOOPKe NaLMEHTOB.

Marepuanbl n MeTogbl. VccnenoBaHbl 60 coMaTieckyt cTabunbHbIX NAaLMEHTOB C KIIMHUYECKW AVArHOCTUPOBAHHBIMU XPOHU-
YECKVUMU HapyLLEHWAMM CO3HaHUs: 32 — B BEreTaTUBHOM COCTOSHWM, U 28 — B COCTOSHUM MUHUMAJbHOO CO3HaHUS. Knunu-
YecKas OLieHKa NPOBOAMNACH C UCMOMb30BaHWEM MEPECMOTPEHHON LKanbl BOCCTaHoBMeHUA nocnie koMbl (CRS-R). Becem na-
LmeHTaM bbina NpoBefeHa CTPYKTYpHas MarHUTHO-pe3oHaHcHas ToMorpadmsa ¢ ucnons3osaHueM ToMorpados 3.0 T Siemens,
BKJItovatowwan T2- u T1-nocneposatenibHOCTU. [py oLEHKe CTPYKTYPHBIX u3MeHeHu no Lwkane DOC-MRIDS yuutbiBanuch Ha-
JMYME U BbIPAXKEHHOCTb CREAYHLLMX NMPU3HAKOB: Auddy3Has atpodus Kopbl, YBEIMUEHUE KeNYA04KOB, paclumupeHmre bopo3g,
neiiKoapeos, fiereHepaums CTBOSIa MO3ra U/Unu Tanamyca, AereHepauus Mo30JIMCTOro Tesa, 04aroBoe NopaXeH1e Mo30JIUCTO-
ro Tena; NPoM3BOAMNCA MOACYET CyMMapHoro 6anna. [laHHble MarHUTHO-pe3oHaHCHO ToMorpauy aHanu3npoBanuCh TPEMS
HelipopaAmMonoramMu ¢ OLLEHKON MEXIKCMEPTHON cornacoBaHHOCTH (Ko3pduumeHT anbga KpunneHpopda).

Pe3ynbTathl. BbisiBNeHa BbICOKas MeX3KCNepTHas COrnacoBaHHOCTb oueHku no wkane DOC-MRIDS: a=0,806 (95% pose-
putenbHbin uHTepBan 0,757-0,849). MaumeHTbl B BEreTaTMBHOM COCTOSIHUM UMenK 6osiee BBICOKWN 6ann no LwKane MarHuT-
HO-pe30HaHcHoi ToMorpagumu DOC-MRIDS no cpaBHeHWIO ¢ NaLMeHTaMmn B COCTOSAAHMM MUHUMAJBbHOMO co3HaHuA (p <0,005).
lMonyyeHa oTpuuaTesibHas KoppensaumMs Mexay oueHkon no wkanam CRS-R n DOC-MRIDS (p=-0,457, p <0,0001) mexnay
OTAENbHBIMA JOMEHaMU KITMHUYECKOM LUKanbl M NPU3HAKaMu N0 MarHUTHO-PE30HaHCHO ToMorpadum.

3akntoueHmne. OueHKa CTPYKTYPHbIX U3MEHEHWI Y NALMEHTOB C XPOHUYECKUMW HApYLUEHWUAMW CO3HAHUA C MOMOLLbH LUKa-
nbl DOC-MRIDS noMoraet ycTaHOBUTL BEPOATHBINA KIMHUYECKWI TUM HApYLLEHWS CO3HaHMSA C J0CTaTOYHOW CneuuduyHOCTbIO,
YYBCTBUTENBHOCTBIO M MEXIKCMEPTHOW COMNIACOBAHHOCTBLI0 M MOXKET MCMO/b30BaThCA B KIIMHMYECKON NPaKTUKe Kak Aonon-
HUTENbHBIA K KITMHUYECKUM AaHHBIM anddepeHLmManbHO-AMarHoCTUYECKUA METOA,

KnioueBble cnoBa: MarHUTHO-pe30HaHCHasi TOMorpadms; CTPYKTYpHasi OLIEHKA, XPOHUYECKME HapyLUEHUS CO3HaHUS;
BEreTaTUBHOE COCTOSHWE; COCTOSHME MUHUMAJIBHOTO CO3HaHUS; AuddepeHLManbHas AMarHoCTUKa.
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BACKGROUND

Chronic disorders of consciousness (CDoC), defined
as the chronic failure to regain conscious behavior after a
coma despite restored wakefulness, are typically caused by
extensive damage to several brain structures [1]. In CDoC,
the vegetative functions of the hypothalamus and brain stem
(specifically circulatory control and spontaneous breathing)
are either fully or partially preserved, allowing patients to
survive for extended periods [2]. The two main types of
CDoC are vegetative state (VS, or unresponsive wakefulness
syndrome) and minimally conscious state (MCS) [2,3]. VS
is a clinical condition characterized by a complete absence
of awareness of oneself and the environment. In contrast,
patients in an MCS demonstrate unstable but distinct and
reproducible behavioral signs of self-awareness or responses
to their surroundings [3,4].

In the differential diagnosis of VS and MCS, identifying
signs of consciousness is crucial, which largely determines
the subsequent rehabilitation strategy [3]. Diagnostic criteria
for distinguishing between VS and MCS include clinical signs
of conscious responses to external stimuli and the possibility
of purposeful communication. A detailed, standardized clinical
examination remains the gold standard for detecting signs
of consciousness [5]. The Coma Recovery Scale-Revised
(CRS-R) is widely used to assess CDoC patients. This scale
provides optimal results for the differential diagnosis of VS
and MCS [6]. However, its use is frequently challenging due to
the complex interpretation of observed responses, variations
in the patient’'s activity level, severe motor deficiency,
aphasia, mechanical obstacles (such as a tracheostomy
tube), pain syndrome, and various other factors. As a result,
the diagnosis error rate can reach 40% [7].

Numerous studies have been performed to improve the
differential diagnosis of CDoC and predict the outcomes using
neuroimaging techniques, such as brain positron emission
tomography with 18F-fludeoxyglucose. This method has
been shown to complement clinical evaluations and help
predict the long-term recovery of CDoC patients [8]. Monti
et al. demonstrate brain activation in a small proportion
of patients using functional magnetic resonance imaging
(fMRI) when performing specific mental imagery tasks,
which also implies the presence of consciousness [9].
Another study found a correlation between the restoration of
frontal-thalamic interactions according to resting-
state fMRI and the recovery of cognitive function [10].
Moreover, another study [11] that evaluated the functional
connectivity of resting-state networks (default mode network,
frontoparietal network, salience network, auditory network,
sensorimotor network, and visual network) found differences
between VS and MCS patients in more than 80% of cases.

However, functional imaging techniques are not widely
used because they require complex data processing, and the
findings can be conflicting. Structural imaging is a far more
accessible tool for determining the severity of brain injury
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in CDoC. In a large patient sample (n = 143), this method
has demonstrated that CDoC is characterized by severe
atrophy of basal nuclei and the thalamus [12]. Moreover,
several attempts were made to identify brain injury patterns
that could help distinguish between VS and MCS patients.
For example, studies have shown that patients in a VS
had more severe atrophy of the left putamen and globus
pallidus, decreased volume of the thalamus, and more
pronounced changes in the ventromedial prefrontal cortex,
posterior cingulate cortex, and precuneus compared to MCS
patients. Furthermore, MCS subtypes were examined based
on the intricacy of the observed behavioral response: MCS—
and MCS+. In MCS+ patients, the left cerebral cortex was
more intact, including the middle temporal gyrus, superior
temporal gyrus, and inferior frontal gyrus (the Broca area)
[13]. The prognostic value of structural MRI findings in
posttraumatic VS patients has been confirmed: damage
to the corpus callosum and dorsolateral brain stem were
predictors of failure to recover. Additionally, a study using a
morphometric approach demonstrated differences between
VS and MCS patients in terms of gray matter volume in the
paracentral, parahippocampal, inferior parietal, and medial
orbitofrontal cortex, as well as thalami and caudate nuclei
[14].

However, complex analysis of imaging findings may not
be available in routine practice. Considering the wide use of
structural MRI, its necessity in the majority of CDoC patients,
and the confirmed association between MRI changes and the
clinical presentation in CDoC patients, the Research Center
of Neurology developed the Disorders of Consciousness
MRI-Based Distinguishing Scale (DOC-MRIDS) [15]. This scale
evaluates the most common and clinically significant MRI
changes reported in CDoC patients, providing further evidence
for the differential diagnosis of VS and MCS. The scale was
tested in 30 patients and demonstrated high sensitivity and
specificity (82% and 92%, respectively); however, its wider
clinical use requires further reliability assessment.

STUDY AIM

This study aimed to evaluate the potential of DOC-MRIDS
for the differential diagnosis of CDoC in a larger sample
of patients and to determine the inter-rater consistency of
assessment findings.

MATERIALS AND METHODS
Study Design

This was an experimental, single-center, cross-sectional
study.

Eligibility Criteria
The inclusion criteria include the following:
+ confirmed CDoC;
+ age above 18 years;
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« time from the onset of disorder of consciousness of
at least 28 days;

« stable somatic condition;

» informed consent of the patient’s legal representative.

Patients with contraindications to MRI were excluded.

Investigational Site

The study was performed in the intensive care unit of the
Research Center of Neurology (Moscow).

Study Duration
Study subjects were enrolled between 2015 and 2021.

Therapeutic Intervention

All patients underwent structural MRI using MAGNETOM
Verio 3T u MAGNETOM Prisma 3T scanners (Siemens
Healthineers, Germany). The imaging protocol included
T2-weighted images using a spin echo sequence (repetition
time: 4,000 msec; echo time: 118 msec; slice thickness:

Vol.5 (2) 2024
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5.0 mm; slice spacing: 1.5 mm; duration: 2 min 02 sec) and
T1-weighted images using a 3D gradient echo sequence
(repetition time: 1,900 ms; echo time: 2.5 msec; slice
thickness: 1.0 mmy; slice spacing: 1.0 mm; slice number: 176;
duration: 4 min 18 sec) to assess the brain matter.

To assess structural changes according to
DOC-MRIDS, the most commonly reported indicators
were selected, including diffuse cortical atrophy,
ventricular enlargement, sulcus widening, leukoaraiosis,
degeneration of the brain stem and/or thalamus, corpus
callosum degeneration, and focal lesion of the corpus
callosum (Fig. 1).

In diffuse cortical atrophy, brain stem and/or thalamus
degeneration, and corpus callosum damage, the changes
were classified as the presence (1) or absence (0) of
pathology. Confirmed extensive cortical thinning and
symmetrical bilateral decrease in thalamic and/or brain
stem size were considered. Unilateral damage due to stroke
or injury was considered to be the absence of the sign. The

Fig. 1. Disorders of Consciousness MRI-Based Distinguishing Scale (DOC-MRIDS) score: (a—d) in a healthy volunteer; (e-h) in a CDoC
patient. Specified distances: (a—b) cortex thickness; (b—c) sulcus width; (h-i) thickness of the central part of the corpus callosum; distances
(d-e; f-g) were used to calculate the Evans index. Blue areas: (a) unchanged thalami; (c) brain stem; (e) thalamic degeneration; (g) brain
stem degeneration. Lines: (e) red dotted lines represent the extent of leukoaraiosis; (h) the solid blue line corresponds to hypointense

lesions in the corpus callosum.
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remaining parameters were assessed as follows: 0 = no
changes; 1 = moderate changes; 2 = severe changes:

» moderate and severe ventricular enlargement
corresponded to the Evans index of 0.31 to 0.74 (1)
and >0.74 (2), respectively;

+ subarachnoid space enlargement of 0.2-0.4 cm was
classified as moderate sulcus widening (1) and of
>0.4 cm as severe sulcus widening (2);

« periventricular caps and diffuse periventricular
changes in the signal intensity in the white matter
were classified as moderate leukoaraiosis (1); large,
confluent T2 hyperintense areas extending to deep
white matter and the subcortex were classified as
severe leukoaraiosis (2);

+ corpus callosum degeneration was assessed by the
thickness of its central part: 0.4-0.2 cm for moderate
degeneration (1) and <0.2 cm for severe degeneration (2).

Following a visual assessment of the aforementioned
changes, the total score was calculated on a scale of
0 (unchanged brain) to 11 (extensive brain injury) (Table 1).

All these MRI parameters were independently
assessed based on T2- and T1-weighted images by three
neuroradiologists (work experience over 15 years) who were
blinded to the clinical diagnosis.

Three neurologists (with at least three years of
experience in the treatment of CDoC patients) conducted the
clinical assessment. They made the diagnosis of VS or MCS
using a validated version of the CRS-R in Russian [4]. The
assessment was performed at least five times, and the best
result was used.

Subgroup Analysis

The study included 60 patients (28 women and 32 men)
aged 18 to 67 years (median age: 32 [24; 49] years) with
a clinical diagnosis of CDoC (VS: n = 31; MCS: n = 29). All
patients were in a stable somatic condition.

Ethics Review

All legal representatives of patients provided informed
consent. All procedures involving humans in this study
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adhered to the ethical standards of the Institutional
and/or National Research Committee and the 1964
Declaration of Helsinki, as amended, or comparable ethical
standards. The informed consent protocol was approved by
the Ethics Committee of the Research Center of Neurology on
November 19, 2014 (project ID: 11/14).

Statistical Analysis

When calculating the sample size according to a well-
established algorithm, it was shown that a sample size
of 60 patients is sufficiently representative. The data
distribution in the sample (n = 60) was non-normal;
thus, nonparametric statistical methods were used for
the analysis, such as the Kruskal-Wallis test and the
Mann-Whitney U test, to compare patients across three
or more parameters, the Benjamini—Hochberg multiplicity
adjustment was applied. The nonparametric Spearman’s
correlation coefficient was used to assess the association
between parameters. The chi-squared test with continuity
correction was used to analyze categorical variables.
Receiver operating characteristic (ROC) analysis was used
to assess the informative value of the scale by calculating
the area under the curve (AUC), as well as sensitivity and
specificity parameters.

The inter-rater consistency was assessed using
Krippendorff's alpha. The significance level for all hypothesis
tests corresponded to P < 0.05.

The descriptive statistics results are presented as median
(Me) and interquartile range (Q25-Q75). The statistical
analysis was performed using SPSS Statistics 22 (IBM,
Chicago, IL, USA) and Rstudio (Posit PBC, Boston, MA, USA).

RESULTS
Study Subjects

The duration of CDoC was 2 to 72 months after emerging
from coma. CDoC was due to a traumatic brain injury (TBI;
n = 19) and non-traumatic causes (anoxic brain injury,
acute ischemic or hemorrhagic cerebrovascular accident,
demyelinating disease, intoxication, etc.; n = 41).

Table 1. Magnetic resonance imaging parameters for assessment according to Disorders of Consciousness Magnetic Resonance

Imaging-Based Distinguishing Scale

DOC-MRIDS

Parameters
Absence

Presence

Moderate changes Severe changes

Diffuse cortical atrophy 0
Brain stem/thalamus degeneration 0
Focal lesion of the corpus callosum 0
Ventricular enlargement 0
Sulcus widening 0
Leukoaraiosis 0
Corpus callosum degeneration 0

DOC-MRIDS, Disorders of Consciousness MRI-Based Distinguishing Scale

DAl https://doi.org/10.17816/DD569418



https://doi.org/10.17816/DD569418

ORIGINAL STUDY ARTICLES

Table 2. Demographic and clinical data

Vol.5 (2) 2024

Digital Diagnostics

Vegetative state

Minimally conscious All patients

state

Number 3 29 60
Age, years 34 [24; 51] 32 [25; 45] 32 [24; 49]
Sex, male/female 15/16 17112 28/32
Traumatic brain injury/non-traumatic causes 427 15/14% 19/41
Duration of the disease, months 14 (2-72) 12 (2-56) 13 (2-72)
DOC-MRIDS L 6** 5,5
CRS-R 6* 12,0* 9

CRS-R, Coma Recovery Scale-Revised; DOC-MRIDS, Disorders of Consciousness MRI-Based Distinguishing Scale; *P < 0.05; **P < 0.005 (Mann—

Whitney U test).

Table 2 summarizes demographic and clinical data for VS
and MCS patients. The median total CRS-R score in VS and
MCS patients was 6 and 12 points, respectively.

Primary Findings

There were no significant differences between VS and MCS
patients in terms of age (Mann-Whitney U test, P = 0.982),
disease duration (P = 0.807), and sex (chi-squared test with
continuity correction, P = 0.453). Non-TBI in VS patients
was significantly more common than TBI (chi-squared test,
P =0.003), while MCS patients had a similar incidence of non-
traumatic and TBI (chi-squared test, P =0.268). In general,
the clinical presentation in patients with non-TBI was more
severe than in patients with TBI. The median total CRS-R
score was 6.0 (5.0-10.0) and 11.0 (8.0-16.0), respectively
(Mann-Whitney U test with the Benjamini-Hochberg
multiplicity adjustment, P = 0.001).

Three experts demonstrated strong inter-rater consistency
when assessing images according to DOC-MRIDS, as measured

20 -

CRS-R

25 50

by Krippendorff's alpha: a = 0.806 (95% confidence interval:
0.757-0.849). The Kruskal-Wallis test was used to select
findings from one of the three experts. There were no significant
differences between the experts (P = 0.363); hence, the findings
of the second experts were used for further analysis.

When assessing the association between the duration
of CDoC and the DOC-MRIDS score, there was a weak
positive correlation (Spearman’s correlation coefficient
0.338; P =10.008). Spearman’s correlation analysis showed
a significant negative correlation between the CRS-R and
DOC-MRIDS scores (p = -0.457, P < 0.0001) (Fig. 2).
Moreover, significant negative correlations were observed
between the total CRS-R score and the following parameters:
diffuse cortical atrophy (p = -0.457); lesions in the corpus
callosum (p = 0.349); ventricular enlargement (p = —0.342);
sulcus widening (p = 0.442); and leukoaraiosis (p = 0.502);
P <0.001in all cases. There was also a significant correlation
between individual CRS-R domains and nearly all structural
scale parameters (Table 3).

7,5 10,0

DOC-MRIDS

Fig. 2. Negative correlation between the Coma Recovery Scale-Revised (CRS-R) and Disorders of Consciousness MRI-Based Distinguishing

Scale (DOC-MRIDS) scores (p = —0.457, P < 0.0001). Red dots: vegetative state group; blue dots: minimally conscious state group.
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Table 3. Correlation coefficients between individual the Coma Recovery Scale-Revised domains and Disorders of Consciousness Magnetic

Resonance Imaging-Based Distinguishing Scale parameters

Statistical parameter ?::é:?orz fLYriscltji?)ln Motor function (;:%Tt?;zr Communication | Wakefulness

Diffuse cortical atrophy

Correlation coefficient (p) —0.472** -0.382** —0.492** -0.152 -0.315* -0.159

P-value 0.000 0.005 0.000 0.278 0.022 0.255

Brain stem and/or thalamus degeneration
Correlation coefficient (p) -0.288* -0.212 -0.209 -0.091 -0.140 -0.137
P-value 0.035 0.124 0.130 0.513 0.314 0.323
Lesions in the corpus callosum

Correlation coefficient (p) 0.289* 0.360** 0.355** 0.229 0.164 0.142

P-value 0.032 0.007 0.008 0.093 0.232 0.301
Ventricular enlargement

Correlation coefficient (p) -0.276* -0.318* -0.379* -0.149 -0.309* -0.256

P-value 0.041 0.018 0.004 0.276 0.022 0.059

Sulcus widening
Correlation coefficient (p) -0.502** —-0.425** -0.516** -0.169 -0.341* -0.201
P-value 0.000 0.001 0.000 0.218 0.011 0.141
Leukoaraiosis

Correlation coefficient (p) -0.405** -0.451* -0.480** -0.338* -0.396* -0.250

P-value 0.002 0.001 0.000 0.012 0.003 0.066
Corpus callosum atrophy

Correlation coefficient (p) -0.165 -0.135 -0.049 -0.174 -0.001 -0.141

P-value 0.229 0.324 0.722 0.204 0.996 0.305

*P < 0.05; **P < 0.005 (Spearman’s correlation analysis).

Additionally, statistical between-group differences
were observed according to DOC-MRIDS. For example, VS
patients had a lower DOC-MRIDS score compared to MCS
patients (Mann-Whitney U test, P < 0.005). According to ROC
analysis in this sample, the threshold DOC-MRIDS score
for distinguishing between VS and MCS patients was 5.5,
with an optimal sensitivity of 68% and a specificity of 64%
(AUC = 0.71; P = 0.005; Fig. 3).

There were significant differences between causative
factors. Signs, such as cortical atrophy (chi-squared test,
P <0.0001), sulcus widening (P = 0.001), and leukoaraiosis,
were significantly more common in patients with non-TBI
(P =0.004), whereas patients with traumatic CDoC had a
higher incidence of lesions in the corpus callosum (P =0.002).

DISCUSSION

Summary of Primary Findings

The MRI scale for quantitative assessment of structural
brain changes characteristic of CDoC was proposed as an
additional tool for the differential diagnosis of clinical variants
of CDoC. A pilot study demonstrated that the scale can be

DAl https://doi.org/10.17816/DD569418

used in routine practice with sufficiently high sensitivity and
specificity [15]. This study was the next step in the scale’s
development and attempted to assess its reliability when
used by different radiologists and in a larger sample of
patients.

Discussion of Primary Findings

The findings obtained in a twofold larger patient
population balanced by the CDoC type show that DOC-MRIDS
has a lower sensitivity and specificity than the pilot study:
82% and 92% vs. 68% and 64%, respectively. This could be
related to a considerable variation in the duration of CDoC (2—
72 months). However, these values are high enough to use
the scale in clinical practice. A high inter-rater consistency
indicates that reliable results can be obtained when different
radiologists perform the assessment.

Notably, the assessment included data from clinically
stable patients with no somatic conditions that could
compromise the results of neurological consciousness
assessment (such as infectious diseases, elevated
intracranial pressure, etc.). Moreover, clinical data on the
state of consciousness were obtained by repeated evaluation
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Fig. 3. ROC curve for distinguishing between vegetative state and minimally conscious state patients (AUC = 0.71; P = 0.005).

ROC, receiver operating characteristic

using the most reliable scale, CRS-R; the assessment was
performed by neurologists with sufficient experience in the
treatment of CDoC patients [16,17]. This approach ensures
the most accurate diagnosis of CDoC type. Furthermore,
inconsistencies between X-ray findings according to
DOC-MRIDS and the clinical presentation in CDoC patients
may indicate the need for repeated neurological assessment
in some cases.

Notably, most VS patients had non-traumatic disorders
of consciousness. This reflects the challenges in enrolling
CDoC patients: the prognosis after TBI is somewhat better,
and this group of patients develops MCS more frequently.
As a result, it would take longer to enroll VS patients with
non-TBI and form a population balanced by the causative
factor. This characteristic of the study group could affect
the interpretation of assessment according to DOC-MRIDS
because patients with non-TBI had more severe changes in
such parameters as cortical atrophy, sulcus widening, and
leukoaraiosis. Thus, further assessment of the effect of the
causative factor on the DOC-MRIDS score in VS patients
requires a study in a larger sample of patients, balanced by
the number of traumatic and non-traumatic brain injuries.

A weak positive correlation between the duration of
CDoC and the DOC-MRIDS score may reflect morphological
changes over time. There have been no detailed long-term
studies on this subject.

DOC-MRIDS has an undeniable advantage in terms of
availability because the assessment requires structural
MRI findings (T2-weighted spin echo sequence and
T1-weighted gradient echo sequence with the specified
imaging parameters), which can be obtained using any high-
field scanner with a magnetic field intensity above 1.0 T.
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Patient motion artifacts are a common problem in
MRI examinations, making the assessment, according to
DOC-MRIDS, challenging, especially for MCS patients.
Mitigating the artifacts may require sedation, which is
associated with potential risks for patients and makes the
study more challenging to conduct. However, when using
structural MRI, special image reconstruction algorithms can
minimize the effect of artifacts. Furthermore, structural MRI
findings, including the DOC-MRIDS score, are substantially
less susceptible to the impact of motion artifacts compared
to functional MRI, emphasizing the availability of this method
in routine practice.

Our study is one of the first to incorporate morphological
signs of brain injury in CDoC patients into a single scale.
Our findings are consistent with some previous studies in
patients with early posttraumatic brain injuries causing
disorders of consciousness. For example, it was shown that
traumatic injuries of the corpus callosum and dorsolateral
brain stem are predictors of failure to recover and may result
in unfavorable outcomes [14]. In our study, severe corpus
callosum atrophy and brain stem and thalamus degeneration
were most commonly observed in VS patients.

Individual domains and the total CRS-R score significantly
correlated with the total DOC-MRIDS score and changes in
its individual parameters, indicating the significance of the
morphological integrity of anatomical structures included in
the consciousness assessment scale [18]. Some brain areas
may contribute to consciousness formation and maintenance,
but their structural integrity alone is insufficient for clear
consciousness formation. Moreover, the maintenance of
consciousness requires the integrity of thalamocortical
interactions and interactions within and between various
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brain networks [19]. This may explain the observed strongest
correlations between individual CRS-R domains and diffuse
changes in the white matter and focal lesions of the corpus
callosum, which form the structural basis for intracerebral
interactions. However, automatic group analysis of data on
brain connectivity in CDoC patients collected using structural
and functional MRI is difficult due to high variability and
severe changes in the brain matter. Despite advances in
CDoC studies, recent findings [19-21] highlight the need for
more extensive, simultaneous examination of structural and
functional characteristics of the brain in CDoC patients, as
well as the development of computational data processing
methods, including using artificial intelligence [20].

CONCLUSION

A comprehensive analysis of structural changes in CDoC
patients, along with their attempted quantitative assessment
using the DOC-MRIDS scale, helps to determine the likely
clinical variant of CDoC with sufficient specificity, sensitivity,
and inter-rater consistency. This method can be used in
clinical practice in addition to the findings of a structured
neurological examination.
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Remote Monitoring of Patients with Chronic Heart
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ABSTRACT

BACKGROUND: Chronic heart failure is one of the key problems of the Russian domestic healthcare system. E-health can be
used to improve medical care quality and reduce the of hospitalizations and mortality.

AIM: To examine the effect of telemedicine monitoring on mortality, frequency of hospitalizations, and clinical and functional
states of patients with chronic heart failure.

MATERIALS AND METHODS: A prospective, controlled, randomized study was conducted in the Central City Hospital No.
20 in Ekaterinburg (Russia), covering the period from December 2020 to December 2022. Patients with a confirmed diagnosis
of chronic heart failure were randomized using the envelope method into three groups: group 1, a telephone control group
(n=58); group 2, a remote control group using a Russian medical platform Medsenger (n=52); and group 3, the standard
control group (n = 103). All patients were examined, including NT-proBNP measurement and echocardiography on the first day
of the study and at 3, 6, and 12 months. The occurrence of primary and secondary outcomes was evaluated at these reference
points. Statal4 and jamovi software were used for statistical processing.

RESULTS: The study involved 213 participants, and all three groups were comparable in terms of basic demographic and clinical
characteristics. The advantage of remote control (groups 1 and 2) over face-to-face observation in reducing cardiovascular
mortality was observed after 3 (odds ratio 2.73, 95% confidence interval 1.1-7.39; P=0.042) and 12 (odds ratio 2.1, 95%
confidence interval 1.1-3.7; P=0.027) months and that in reducing the occurrence of the combined primary endpoint (odds
ratio 2.1, 95% confidence interval 1.1-5.6; P=0.015) after 12 months. The use of the Medsenger platform also demonstrated
an advantage over face-to-face observation in the development of the combined secondary endpoint (odds ratio 1.39, 95%
confidence interval 0.19-0.81; P=10.011) after 3 months and over telephone control by a nurse after 12 months in reducing
cardiovascular mortality (odds ratio 0.177, 95% confidence interval 0.06—0.487; P=0.021) and development of the combined
secondary endpoint (odds ratio 0.427, 95% confidence interval 0.189-0.964; P=0.041). When using the Medsenger platform,
the ejection fraction increased from 47% initially to 55% after 12 months (P=0.004). The NT-proBNP level decreased from
817 to 582 pg/mL (P < 0.001) after 3 months and then to 233 pg/mL after 12 months (P <0.001).

CONCLUSION: Remote monitoring protocols can be a good alternative to the traditional face-to-face monitoring of patients
with chronic heart failure, which may improve clinical and functional health indicators.

Keywords: chronic heart failure; remote control; telemedicine monitoring.
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TeneMe AULUHCKUA MOHUTOPUHI NALUEHTOB
C XpPOHUYECKON CepAeYHOU Hef0CTaTOYHOCTbIO:
NnpocneKTMBHOE paHAOMU3UPOBAHHOE MCC/ieA0BaHUe

A.B. Ucaesa', A.E. leMkuna?, A.B. Bnagaumupckuii?, b.B. 3uHrepman®,
A.H. KopobeitHukosa“, A.H. Beikos®, 0.I'. CMonexckas'

! YpanbCkuii rocynapcTBeHHbIA MeMUMHCKNIA yHuBepcuTeT, Exatepunbypr, Poccus;

2 HayuHO-NPaKTUYECKUI KIMHUYECKMIA LIEHTP AMarHOCTUKM 1 TeNleMeIMLMHCKUX TexHonormii, Mockea, Poccus;
3000 «AnMar», Mocksa, Poccus;

“ LienTp Kapavonorvm u Hesponorun, Kupos, Poccus;

5 CBepanoBckas obnacTHas KimHudeckas 6onbHuua No1, Exatepunbypr, Poccus

AHHOTALIUA

060cHoBaHuWe. XpoHWUYECKas cepAeyHas HeloCTaTOMHOCTb — OfiHa U3 KITOYeBbIX Npob/IEM 0TEYECTBEHHOW CMCTEMbI 3[4 paBoOXpa-
HeHus. [N NOBbILLEHNS KAYeCTBa OKa3aHWsA MEAMLMHCKONA NMOMOLLUM W CHUMEHMS YacTOTbl FOCIMTANM3aLmMin U CMEPTHOCTU MoryT
MCMONb30BaTbCA BO3MOXHOCTM 3M1EKTPOHHOO 3/ipaBOOXPaHEHNS.

Lenb — u3yunTb BAMSIHWE TeNeMeULMHCKOr0 MOHUTOPUHIA Ha CMEPTHOCTb, KOIMYECTBO MOBTOPHBIX FOCTIUTANM3aLMA U KIMHUKO-
(bYHKUMOHaNbHBIN CTaTyC NaLMEHTOB C XPOHMYECKO CepLe4YHON HeA0CTaTOYHOCTHO.

Matepuanbl u MeTogbl. [poCMeKTUBHOE, KOHTPOMPYEMOe, paHAOMU3NPOBaHHOE UCCNef0BaHWe NPOXOAMNo Ha base LieHTpanb-
Hol ropoackoi 6onbhuubl N2 20 (r. Exatepunbypr) ¢ aekabps 2020 roga no pekabpb 2022 roga. lMaumeHTbl ¢ NOATBEPKAEHHBIM
[MarHo30M XpOHUYECKOW CepAieyHOI Hel0CTaTOMHOCTY BbiNk paHLOMM3MPOBaHbI METOLOM KOHBEPTOB Ha 3 rpynnbl: 1-a rpynna —
rpynna TenedoHHoro aucnaHcepHoro Habmogerus (n=58), 2-a rpynna — rpynna aucnaHcepHoro HabmoaeHNs Ha POCCUNACKOI Me-
InumHckoi nnatdopMe Medsenger (n=52), 3-a rpynna — rpynna cTaHAapTHOrO 04HOr0 Hab/loAeHNS Y KapAaMonora NOSIMKIMHUKK
(n=103). BceM naumeHTaM npoBOAMNICS OCMOTP, UccnefoBaHue KoHueHTpauuu NT-proBNP u axokapavorpadms npu BKIOYEHUM
B UCCNE0BaHWE M BO BPEMEHHBIX NpoMexyTKax 3, 6 u 12 MecsileB. B pedepeHCHbIX TOUKaX OLEHUBAN0Ch HaCTyNyIeHUe NepBUYHON
1 BTOPMYHOM KOHEYHbIX Touek. CTatucTuyeckas obpaboTka bbina BbiNosHEHa C UCMO/b30BaHWeM mporpamm Stata 14 v jamovi.
Pesynbtatbl. B uccnegoBanum npuHsnm ydactve 213 yenoBek, Bce 3 rpynnbl 6biav conoctaBuMel Mexay coboii No 0CHOBHBIM fe-
MOrpaMyecKMM 1 KIIMHUYECKUM XapaKTepPUCTUKaM. bbino BbISBNEHO NPEUMYLLECTBO AMCTaHLMOHHOTO (rpynnbl 11 2) nepes 0YHbIM
(rpynna 3) HabmnioeHMEM N0 CHUKEHUIO CEPLLEYHO-COCYAMCTON CMePTHOCTU Yepe3 3 Mecsla (oTHoleHMe waHcoB 2,73, 95% po-
BepuTenbHbIM uHTepBan 1,1-7,39: p=0,042) n yepe3 12 mMecsues (oTHowweHue waHcos 2,1, 95% aoseputensHbid uitepsan 1,1-3,7;
p=0,027), a TakKe noKasaTesno KOMOMHUPOBAHHOI NEPBMYHON KOHEYHOW TOUKK Yepe3 12 MecsueB (oTHoLeHWe LwaHcoB 2,1, 95%
nosepuTenbHbii uHTepean 1,1-5,6; p=0,015).

Wcnonb3oBaHue nnatpopmsl Medsenger obnafaet npenMyLLECTBOM Mepef O4HbIM HabMoeHMEM B pasBUTUM COBLITUIA KOMOU-
HWUPOBaHHOW BTOPUYHOI TOYKW Yepe3 3 Mecsua (oTHoweHue wakcoB 1,39, 95% pnoeeputenbHblii uHTepsan 0,19-0,81; p=0,011);
nepes NpoBEAEHUEM CTPYKTYpPUPOBAHHOTO Tened)OHHOro onpoca MeaMLMHCKOI cecTpoi Yepes 12 MecsueB HabnwaeHus no no-
KasaTesllo CepAeYHO-COCYAMCTON cMepTHOCTU (0THoweHue waHcoB 0,177, 95% poseputenshbiit uutepean 0,06-0,487; p=0,021)
1 N0 pasBUTUIO CODLITUIA KOMOMHMPOBAHHON BTOPUYHOM KOHEYHOM TOYKM (0THOLWeHMe waHcoB 0,427, 95% [oBepuUTENbHLIN UHTEp-
Ban 0,189-0,964; p=0,041).

Mpyu ucnonb3oBaHuM nnatdopmel Medsenger gpaKums BbIBpoca NEBOro enyAo4Ka Bbipocna ¢ 47% ucxoaHo ao 55% vepes 12 Me-
csiueB (p=0,004). KoHueHTpaums NT-proBNP cHusunack ¢ 817 nr/mn go 582 nr/mn (p <0,001) uepes 3 mecsua, 1 go 233 nr/mn —
yepes 12 mecsues (p <0,001).

3akuitoyeHue. Pa3paboTka NPOTOKONOB AMCTAHUMOHHOMO HAbMOAEHNS MOKET CTaTb XOPOLLE anbTepHaTUBON TPAAULIMOHHOMY 0Y4-
HOMY Hab/lloAeHMI0 NALMEHTOB C XPOHUYECKOW CepAeyHOi HeA0CTaTOYHOCTLIO, MPUBOLS K YAYULIEHUIO KITMHUYECKUX N (yHKLMO-
HanbHbIX NOKa3aTesen 340P0BbS.

Kniouesble cnoBa: XPOHMYeCKada cepaevyHaa HefoCTaTO4YHOCTb; AUCTAHLUMOHHOE AMCNaHCepHoe HabnoieHue; TeneMe AULMHCKUI
MOHUTOPWHT.
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BACKGROUND

Chronic heart failure (CHF) is one of the major problems
of the Russian healthcare system. High mortality and
readmission rates, regional demographic imbalances, poor
treatment adherence, staffing shortages, and other outpatient
challenges require improved management of this patient
population [1, 2]. All these issues require a comprehensive
approach, and eHealth can be used to address the journey of
patients with CHF.

In the age of modern technology, numerous healthcare
tasks are solved by systems that automate much of the
work of healthcare professionals (HCPs), increasing the
accessibility and quality of care at a lower cost. Patients can
learn about their disease online, monitor their vital signs,
communicate with their doctor, and receive medical care
remotely [3, 4].

Studies of the clinical effectiveness of telemedicine
monitoring have evaluated the effect of technology on
all-cause and cardiovascular mortality, rate of readmission
for decompensated CHF, and quality of follow-up (FU) [5].
Comparative studies of routine FU with telephone monitoring
or noninvasive telemonitoring have provided valuable
information on the advantages and disadvantages of these
methods [6, 7]. However, the current results are highly
inconsistent. The number of patients enrolled, study design,
and length of FU vary widely; thus, conclusions are often
quite opposite. In addition, not enough studies of high-quality
design have evaluated the effect of telemedicine monitoring
in the CHF population in Russia. Therefore, this study is
relevant.

STUDY AIM

This study aimed to evaluate the effect of telemedicine
monitoring on mortality, readmission rates, and clinical and
functional status of patients with CHF.

MATERIALS AND METHODS
Study Design

This study employed an interventional, single-center,
prospective, controlled, randomized, selective, unblinded
design.

Eligibility Criteria

Inclusion criteria:

+ Signed informed consent for outpatient CHF FU in
Yekaterinburg Central City Hospital No. 20.

+ Confirmed stage II-lll (Strazhesko-Vasilenko
classification) CHF and New York Heart Association
(NYHA) functional classes (FC) I-IV.

Exclusion criteria:

« Age <18 years

+ Pregnancy and lactation
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+ Unexplained shortness of breath

+ Noncardiac edema syndrome

« Patient refusal of FU

+ End-stage CHF: stage Ill (Strazhesko—Vasilenko
classification) CHF and NYHA FC IV.

Investigational Site

Patients were enrolled in the Outpatient Heart Failure
Center of Yekaterinburg Central City Hospital No. 20.

Study Duration

Patients were recruited from December 2020 to December
2021, with a post-randomization FU of 12 months.

A Medsenger electronic platform (000 TelePat, Russia)
for remote monitoring of patients with CHF was implemented
after a trial period from December 1, 2020, to December 14,
2020. During this period, the system was tested on eight
patients. Vital parameters such as blood pressure (BP), heart
rate (HR), and body weight were evaluated in the test mode.
Other elements of the system were also tested, including
patient wellness data transmission, audio messaging, and
video-calling options. This preparation helped in identifying
some of the platform’s shortcomings in terms of CHF
monitoring and developing a more convenient version of
the program for all stakeholders. After the test period
and following the implementation of major changes, the
enrollment of patients with CHF was initiated.

Description of Medical Intervention

CHF was diagnosed according to the clinical guidelines
for CHF of the Russian Society of Cardiology, which were
approved by the Research and Practice Council of the
Ministry of Health of the Russian Federation in 2020. The
screening to confirm CHF included a medical history, general
physical examination, and assessment of the FC of CHF
using the 6-min walk test. All patients underwent a series
of standard clinical laboratory tests (complete blood count,
blood biochemistry with plasma glucose, potassium, sodium,
creatinine, and calculation of the Chronic Kidney Disease
Epidemiology Collaboration [CKD-EPI] glomerular filtration
rate), and N-terminal prohormone of brain natriuretic peptide
(NT-proBNP) measurement.

Study investigations included:

+ 12-lead electrocardiography

« Echocardiography (EchoCG)

» Neck Doppler ultrasound scan

+ Abdominal and pleural ultrasonography (as indicated)

+ Chest X-ray imaging

After a baseline visit to a cardiologist and confirmation
of a diagnosis of CHF, patients were randomized to three FU
groups by the envelope method:

Group 1: Telemedicine monitoring included a structured
telephone interview conducted by a nurse using a specific
questionnaire (Table 2). This was done once or twice a
month, depending on the baseline severity of CHF.
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Group 2: Monitoring using Medsenger telemedicine
monitoring software. The methodology of telemedicine
monitoring is described below.

Group 3: Control group; standard face-to-face FU with a
cardiologist at a local outpatient facility in accordance with
current guidelines for CHF management.

A comparative analysis was also conducted at months
3, 6, and 12. Groups 1 and 2 used remote monitoring as the
main FU method (Table 1).

In Group 1, a telephone survey and remote software
monitoring were conducted by a nurse using a predesigned
algorithm, with further strategies based on patient
responses. Validated algorithms developed at the National
Medical Research Center of Cardiology named after
Academician E.I. Chazov of the Ministry of Health of the
Russian Federation were used to determine the urgency of
medical care [8].

In Group 2, patients received a daily notification about the
need to enter their parameters (BP, HR, and body weight)
into the system for clinical disease monitoring. Well-being
and adherence questionnaires were sent every 3 days.
In addition, all patients were instructed in advance (at the
randomization visit) to perform daily self-monitoring of BP,
HR, and body weight.

The remote monitoring in Groups 1 and 2 included the
major and minor criteria for CHF decompensation (Table 2)
based on national guidelines for CHF diagnosis and treatment.

Major CHF decompensation criteria:

» Increased shortness of breath and fatigue

+ Orthopnea

» Paroxysmal nocturnal dyspnea

« Decreased exercise tolerance

« Ankle swelling

Table 1. Study visit procedures.
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Minor CHF decompensation criteria:

+ Night cough

+ Weight gain >2 kg per week

+ Depressive disorder

+ Heart palpitations

All data obtained were processed automatically. If BP,
HR, and body weight were out of range, or if the major/minor
criteria for CHF decompensation were met, the program
automatically sent a notification to the administrator (nurse
and/or physician), who then decided on the need for a
face-to-face or telemedicine consultation to change monitoring
and treatment strategies. If the emergency criteria were met, an
ambulance would be called. In accordance with the algorithm,
the patient should receive a response to this notification
within 24 h. Patients were not monitored on nonworking days,
weekends, and holidays. They were instructed in advance
about the need to seek medical care independently (at the local
emergency room or by calling an ambulance) if their condition
deteriorated. This response algorithm was used in both remote
FU groups (Groups 1 and 2).

Primary Findings

The study evaluated primary and secondary endpoints.

Primary endpoints:

+ Cardiovascular death

+ Readmission caused by CHF decompensation

» Number of ambulance or emergency room visits
caused by CHF decompensation.

Secondary endpoints:

+ Death from noncardiovascular causes

+ Hospital admission or emergency care visit for other
cardiovascular causes (acute coronary syndrome,
cerebrovascular accident, COVID-19, hypertension, etc.)

Visit Procedures ?::gglr:?zga;:: Visit 1 Visit 2 Visit 3
(day 0) (day 90 + 30) | (day 180 + 30) | (day 365 + 30)
Informed consent + - - -
Evaluation of inclusion/exclusion criteria + - - -
Evaluation of exclusion criteria + + + +
Collection of medical history and previous drug therapy + - - -
Collection of demographic and anthropometric data + + + +
Physical examination + + + +
Handout of a self-monitoring diary with control of its fill-out + + + +
Treatment recommendations + + + ¥
Laboratory tests and instrumental examinations + + + +
Adherence questionnaire + + + +
Reporting endpoints - + + ¥
Assessment of satisfaction with follow-up monitoring - + + +
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Table 2. Structure of remote follow-up monitoring for patients with chronic heart failure

Question

| Yes | No

Domain 1 (Patient subjective assessment)

Major criteria for decompensated chronic heart failure

Did you experience any shortness of breath during usual physical activity in the last week?

Did you experience any shortness of breath while lying down during the week? Did you need to raise your pillow

higher and/or add more pillows while sleeping?

Did you experience any nighttime shortness of breath in the last week?

Did you find it harder to be physically active than before in the last week?

Did you feel weak, tired, or needed to rest for a long time in the last week?

Did you notice swollen shins, swollen ankles, or newly appearing sock/shoe marks in the last week?

Did you notice your waist getting bigger in the last week?

Minor criteria for decompensated chronic heart failure

Did you have night cough in the last week?

Did your gain 2 kg in the last week?

Did your lose 2 kg in the last week?

Did you feel depressed or apathetic in the last week?

Did you have heart palpitations in the last week?

Domain 2 (Treatment assessment)

Have you ever missed a medication dose?

Do you find that you sometimes do not pay enough attention to your medication timing?

Do you miss doses even when you feel well?

Do you miss a dose if you feel ill after taking your medicine?

+ Deterioration of the patient’s clinical and laboratory
status as assessed by CHF progression: based on CHF
FC, NT-proBNP levels, and left ventricular ejection
fraction (LVEF).

Additional Findings

In addition, the effect of the FU option on the clinical
status of a patient with CHF (NYHA FC), LVEF, and NT-proBNP
levels was evaluated.

Outcome Reporting Methods
Outcomes were analyzed using medical records.

Ethical Review

The Study Protocol No. 4 dated November 25, 2020, was
approved by the Local Ethics Committee of Yekaterinburg
Central City Hospital No. 20. All patients provided written
informed consent to participate in the study.

Statistical Analysis

Sample Size Calculation

The sample size was calculated using the method by
Otdelnova KA. At a significance level of 0.05, 100 participants
are sufficient for moderate precision studies [9].

DAl https://doiorg/1017816/DD568897

Statistical Analysis

All remote and standard (face-to-face) monitoring
patients were included in the data analysis. For an additional
analysis, a separate remote FU group was created by
pooling patients from Groups 1 and 2. Stata 14 (StataCorp,
USA) and jamovi (The jamovi Project, Australia) were
used in the statistical processing. Absolute values were
expressed as numbers, and relative values were expressed
as percentages (%). The data distribution type was
determined using the Shapiro-Wilk test. Quantitative data
were expressed as mean and standard deviation (M + SD)
for normal distribution and as median and interquartile
range for nonnormal distribution: Me (25; 75).

Unpaired Student's t-test and univariate analysis
of variance (Mann-Whitney U and Wilcoxon tests for
nonnormal distributions) were used to compare quantitative
parameters in independent groups. Tukey’s post hoc analysis
was performed. In the dependent groups, quantitative
characteristics with a normal distribution were compared
using Student’s t-test. To compare the three groups,
repeated-measures analysis of variance was used. Pearson'’s
chi-squared test was used to compare qualitative parameters.
Ordinal regression was used to compare ordinal parameters.
The significance level was set at P < 0.05.
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RESULTS
Study Subjects

The study enrolled a total of 213 participants. Three
groups were matched for key clinical and demographic
parameters, including BP, CHF duration, LVEF, estimated
glomerular filtration rate (eGFR by CKD-EPI formula),
hemoglobin, and NT-proBNP (Table 3). The compared groups
also did not differ in the distribution of cardiovascular and
noncardiac morbidity (Table 4).

Primary Findings

When comparing face-to-face CHF monitoring
with two remote monitoring options (pooled Groups 1
and 2), a benefit of remote monitoring in reducing
cardiovascular mortality was observed at 3 months with
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an odds ratio (OR) of 2.73 (95% confidence interval [Cl],
1.1-7.39, P = 0.042). No benefit was seen in terms of the
effect on the composite secondary endpoint (all-cause
mortality, hospital admission, or emergency visits for
other cardiovascular causes, deterioration of the patient’s
clinical and laboratory status) at 3 months: OR 0.5; 95% CI
0.27-0.92; P = 0.03 (Fig. 1).

When comparing groups 1 and 2 of remote FU in terms
of the effect on month 3 endpoints, the Medsenger platform
demonstrated an advantage over face-to-face monitoring in
the composite secondary endpoint: OR 0.39; 95% Cl, 0.19-
0.81; P=10.011.

After 6 months of FU, no significant differences were found
between distance and face-to-face FU (Fig. 2). However, the
number of readmissions due to acute CHF decompensation
was significantly higher in the face-to-face FU group than

Table 3. Clinical and demographic characteristics of the study groups

Parameter Group 1 (n=58) Group 2 (n=52) Group 3 (n=103) P
Male 36 (62.1%) 22 (62.3%) 42 (40.1%) 0.143
Female 22 (37.9%) 30 (57.7%) 61 (59.8%) 0.265
Age, years 67 (58; 72.8) 69.5 (61.8;79) 69 (62; 74) 0.159
BMI, kg/m? 32.3845.92 28.715.46 32.09+6.43 0.236
SBP, mmHg 129+22.9 132+16.3 133£17.5 0.305
DBP, mmHg 73 (70; 90) 80 (71; 90) 80 (70; 90) 0.206
Heart rate, bpm 80.1+£12.3 79.1£14.8 79.1+£15.0 0.79
CHF duration, years 2 (1; 5.25) 2(0.33;5) 2(0.23;5) 0.167
LVEF, % 47 (37.8; 55) 42 (39; 47) 47 (39; 55) 0.285
Glucose, mmol/L 6 (5; 6) 6.5(6;7) 5(;7) 0.258
GFR, mL/(min x 1.73 m?) 69 (60; 87) 74.5 (54; 89) 65 (55.5; 87.5) 0.942
Hemoglobin, g/L 133 (122; 146) 133 (119; 142) 128 (118; 141) 0.529
NT-proBNP, pg/mL 817 (331; 1480) 617 (262; 2131) 1082 (445; 2124) 0.117

Note. BMI, body mass index; DBP, diastolic blood pressure; GFR, glomerular filtration rate; LVEF, left ventricular ejection fraction; SBP, systolic blood

pressure. Quality parameters are expressed as: absolute number (percentage).

Table 4. Distribution of cardiovascular and noncardiac comorbidities in the study groups

Parameter Group 1 (n=58) Group 2 (n=52) Group 3 (n=103) P
flial ibrilaton/atrel 32 (55,2%) 29 (55,8%) 62 (60,2%) 0,467
utter
Hypertension 50 (86,2%) 51(98,1%) 101 (98,1%) 0,067
CHD 32 (55,2%) 40 (76,9%) 83 (80,6%) 0,087
Coronary revascularization 10 (17,2%) 7 (13,5%) 27 (26,2%) 0,799
Type 2 diabetes mellitus 7(12,1%) 22 (42,3%) 40 (38,8%) 0,301
COPD 7 (12,1%) 13 (25,0%) 24 (23,3%) 0,216
ACE/TIA 5(8,6%) 8 (15,4%) 11 (10,7%) 0,813

Note. CHD, coronary heart disease; COPD, chronic obstructive pulmonary ACE, acute cerebrovascular event; TIA, transient ischemic attack.
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Endpoint P-value
Mortality 0.042
Overall primary
endpoint 0.56
Secondary
endpoint 0.03
Hospital admission
for decompensated CHF 0.155
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Fig. 1. Effect of outpatient follow-up option (remote/face-to-face) on month 3 endpoints. CHF, chronic heart failure.

Endpoint P-value
Mortality 0.057
Overall primary

endpoint 0.205
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for decompensated CHF 0.545
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Fig. 2. Effect of outpatient follow-up option (remote/face-to-face) on month 6 endpoints. CHF, chronic heart failure.

in the Medsenger group: OR 0.171; 95% CI: 0.04 to 0.83; P
= 0.029.

After 12 months of FU, the remote monitoring options
demonstrated superiority over face-to-face FU for patients
with CHF in terms of reducing cardiovascular mortality (OR
2.1; 95% Cl, 1.1-3.7; P = 0.027) and the combined primary
endpoint (OR 2.1, 95% CI 1.1-5.6; P = 0.015) (Fig. 3).

However, when comparing the remote monitoring options,
the Medsenger platform was found superior to a structured
telephone survey conducted by a nurse at 12 months of FU
for cardiovascular mortality (OR 0.177, 95% CI 0.06-0.487;
P=10.021) and a composite secondary endpoint (OR 0.427,
95% Cl 0.189-0.964; P = 0.041).

Additional Findings

In the remote FU group (Groups 1 and 2), LVEF
increased significantly by 6%-7%, from 43% (38-54) at
the randomization visit to 49% (41-56) at the month 3 visit
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(P <0.001) and up to 50% at the month 6 visit (P = 0.045).
However, no further increase in LVEF (at month 6 and
12 visits) was reported in the remote FU group.

No significant increase in LVEF was found in the
face-to-face FU group (Group 3). During the period from the
randomization visit to month 3 FU visit, LVEF increased by
4%, from 47% (39-55) to 51% (42-60), and then decreased
to 48% (38.8-55.3) at month 6 visit (P = 0.475).

In the remote FU group using the Medsenger platform,
LVEF increased significantly from 47% (37.8-55) at baseline
to 55% (41.3-60) at the end of FU (P = 0.004) (Fig. 4).

In the remote FU group (pooled groups 1 and 2), NT-proBNP
levels decreased both in the short term (at month 3, from 717
[296.5-1805.5] pg/mL to 464.4 [181.5-861] pg/mL, P < 0.001)
and during the entire FU period (from 717 [296.5-1805.5]
pg/mL to 294.5 [133.5-817] pg/mL, P <0.001). In the face-
to-face group, a positive trend was reported for this marker;
however, only at months 3 and 6 (P < 0.001) (Fig. 5).
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Fig. 3. Effect of outpatient follow-up option (remote/face-to-face) on month 6 endpoints. CHF, chronic heart failure.
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Baseline vs. Month 12, P = 0.004
Month 6 vs. Month 12, P=0.025
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Fig. 4. Changes in the left ventricular ejection fraction in the study groups. Group 1, telephone follow-up (n = 58); Group 2, Medsenger
follow-up (n = 52); Group 3, standard follow-up (n = 103).
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Fig. 5. Changes in NT-proBNP levels by follow-up options; remote follow-up: pooled group (groups 1 and 2, n = 110); face-to-face
follow-up: standard follow-up group (n = 103).
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Fig. 6. Changes in NT-proBNP levels in the study groups; Group 1, telephone follow-up (n = 58); Group 2, Medsenger follow-up (n = 52);

Group 3, standard follow-up (n = 103).

When evaluating the effect of the different FU options on
changes in NT-proBNP levels in the study groups, the greatest
decrease in this parameter at months 3 and 6 was found in
the structured telephone survey group: from 617 (262-2,131)
pg/mL to 345 (321-923) pg/mL at month 6 (P =0.007). No
difference was reported over 12 months. The Medsenger
medical platform was superior at months 3 and é: at 3 months,
the NT-proBNP levels decreased from 817 (331-1,480) pg/mL
to 582 (208—896) pg/mL (P<0.001), and at 1 year, it decreased
by 3.5 times to 233 (128-638) pg/mL (P < 0.001) (Fig. 6).

From a technical perspective, assessing the effect of
FC on outcomes and determining the effectiveness of the
monitoring options are challenging owing to the ordinal nature
of the variable, missing data (patient deaths), and presence of
related groups (groups were assessed at different time points).
Therefore, a method was chosen to assess the effect of the FC
on the outcomes in each FU group by using ordinal regression.

In Group 1, no significant influence of FC on the outcomes
was found by telephone interviews. Group 2 using the
Medsenger platform showed that at 3 months, the FC level had
a significant effect on the secondary endpoint (P = 0.016) and
the admission rate due to CHF decompensation (P = 0.006).
Similar results were reported at 12 months (P < 0.001), and
no difference was seen at 6 months. In Group 3, standard FU
showed that the FC affected the primary endpoint only after
12 months (P = 0.021), without affecting other outcomes. No
significant effects were found when comparing the remote
and face-to-face FU groups.

Adverse Events
No adverse events were reported for the study technology.

DISCUSSION

Summary of Primary Findings

The study demonstrated the superiority of remote FU
over routine monitoring in patients with CHF in reducing
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cardiovascular mortality at 3 and 12 months of FU. In the
remote FU group, LVEF increased by a significant 6% during
the first 3 months, and NT-proBNP levels decreased at all
reference points. The Medsenger platform was superior to
a telephone survey at 12 months of FU for cardiovascular
mortality and a composite secondary endpoint. It was also
associated with an increase in LVEF (from 47% at baseline
to 55% at the end of FU) and a decrease in NT-proBNP levels
(from 817 pg/mL to 233 pg/mL).

Discussion of Primary Findings

To date, many clinical studies have evaluated various
telemedicine technologies, including telemedicine monitoring
for chronic noncommunicable diseases [10]. However, even
today, no clear understanding of its clinical effectiveness
has been reached in terms of its effect on cardiovascular
mortality and readmissions. As a result, the implementation
of telemedicine technologies in the routine practice for the
long-term care of patients with chronic noncommunicable
diseases is limited.

In the multicenter European iCOR study, remote
monitoring of the health status of patients with CHF using
videoconferencing and telemetry of hiological parameters
was associated with a significant reduction in the rates of
acute LV failure from 56% to 22% and a decrease in the
treatment cost from €8,163 to €4,993 over 6 months [11].

The first Cochrane review of the effectiveness of CHF
telephone support and telemonitoring was published in
2007 and updated in 2010. The latest version of the review
included 30 randomized clinical studies with 9,806 patients.
The primary outcome of this meta-analysis was that patients
followed up using telemonitoring systems had lower
all-cause mortality (relative risk [RR] 0.66, 95% CI 0.54-0.81;
P < 0.001) and heart failure (HF) admissions (RR 0.79, 95%
Cl 0.67-0.94, P =0.008), whereas telephone patient support
affected only on HF admissions (RR 0.77, 95% Cl 0.68-0.87;
P < 0.0001) [12].
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Some studies have shown that remote monitoring is
effective in reducing all-cause mortality, CHF admission, and
mortality in this patient population [13, 14].

OSICAT was a multicenter, randomized study (n = 937)
that enrolled patients with decompensated HF within <1 year
before the study started. Remote monitoring was associated
with a 21% decrease in the relative risk of first emergency
admission (OR 0.79, 95% Cl 0.62-0.99; P = 0.044), a 29%
decrease in the relative risk in patients with NYHA FC Il or IV
HF (OR 0.71, 95% CI 0.53-0.95; P = 0.02), and a 38% relative
risk decrease in socially isolated patients (OR 0.62, 95% Cl
0.39-0.98; P = 0.043) [15].

In subsequent years, the publication of several large
randomized clinical studies with negative [16—18] and
neutral [19, 20] results led to increasing uncertainty about
the benefits of telephone support and telemonitoring.

A systematic review and meta-analysis of studies
enrolling patients with recently decompensated HF revealed
that remote FU was not superior to standard FU in terms of
all-cause admission (OR 0.95, 95% Cl 0.84-1.08, P = 0.43)
and all-cause mortality (OR 0.83, 95% Cl 0.63-1.09, P=10.17)
rates [21].

A systematic review of 34 randomized clinical studies
(2000-2021) found that remote monitoring had no significant
effect on reducing hospital admissions or mortality. American
studies in patients with CHF and a high risk of readmission
showed positive trends in reducing mortality/admission
rates; however, no significant differences were reported [22].

Notably, these studies had several limitations, such as
recruitment of patients with severe HF with LVEF <35%,
differences in treatment adherence between groups, low
study power, short duration of patient FU, and lack of uniform
standards for telemedicine monitoring. All these factors
prevent a comprehensive assessment of the effectiveness
of FU options.

This study showed a clear association between the
effect of the remote monitoring option and the primary
endpoint, remote monitoring resulted in 2.73-fold decrease
in mortality rate, and these differences persisted throughout
the study. When comparing the remote FU options in
the short term, no differences were found; however,
at 12 months, Medsenger monitoring was superior to
structured telephone support with a 17% decrease in
cardiovascular mortality (P = 0.029). Such results may
be related to the ability of a physician to adjust therapy
remotely through telemedicine consultation, which may
prevent further HF decompensation and death. In addition,
educating patients on what to do if their condition worsens
also helps prevent adverse outcomes [23].

The decreased number of deaths and admissions in the
remote monitoring group is explained by the improvement in
the clinical and functional profiles of patients. Our data show
that this monitoring option is associated with an increase in
LVEF and a decrease in NT-proBNP levels, indicating CHF
stabilization and improvement in the quality of life. Patients in
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the remote monitoring groups received regular support from
HCPs, and this had a positive effect on adherence.

Literature data on the effect of the FU option on laboratory
tests and investigations are limited, probably due to the high
cost of these types of diagnostics. Single studies evaluated
the effect of the FU option on FC in patients with CHF. For
example, Pyrikova NV et al. [25] demonstrated a positive
effect of remote FU on the functional status of patients with
CHF. At 6 months, the number of patients with FC Il decreased
by 1.7 times (P = 0.03), and in the control group with routine
monitoring, it increased by 1.9 times (P = 0.002). FC IV was
6.5 times more frequent in the control group than in the
telemedicine groups, indirectly indicating the effectiveness
of the latter. The present study reported the superiority of
Group 2 monitoring: when using the Medsenger platform,
the FC level showed a significant effect on the secondary
endpoint and admission rate due to decompensated CHF
at 3 months (P = 0.006). This may also indicate that the
improved clinical status of patients in this group positively
affected the outcome. In the standard monitoring group, FC
affected the primary endpoint only at 12 months, whereas no
association was found in the telephone survey group.

Thus, remote FU positively affects LVEF, NT-proBNP
levels, and FC. The normalization of these clinical and
functional parameters is likely to decrease the cardiovascular
mortality rate and the incidence of composite secondary
endpoint events and explains the positive results in remote
FU.

Study Limitations

The sample size was calculated using the moderate
precision test and a significance level of 0.05. To increase the
power of the study and the representativeness of the results
with a similar design, more participants would be required.

CONCLUSION

One of the most important and challenging issues in
modern healthcare is finding a way to best monitor patients
with CHF to improve outcomes and reduce mortality and
admission rates. Remote monitoring protocol based on
our data can become a good alternative to traditional
face-to-face monitoring. The results showed the superiority
of remote monitoring to standard monitoring, with decreased
cardiovascular mortality rates at 3 and 12 months (OR 2.73,
95% CI 1.1-7.39, P=10.042, and OR 2.1, 95% CI 1.1-3.7,
P =0.027, respectively).

Improving the clinical and functional status of patients
will also improve patient outcomes, their quality of life and
level of self-care, contribute to adherence and trust in the
healthcare system, and drive the development of related IT
technologies. The widespread adoption of such solutions
is currently limited by barriers such as low patient digital
literacy, a lack of clear attitudes toward remote monitoring
in the healthcare community, and need for additional
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technological equipment in medical facilities. However, the
demographic characteristics of our population, growing
number of patients with CHF, and need for high-quality,
personalized care will ultimately drive the universal adoption
of remote monitoring technologies.
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Mitral Valve Calcinosis as an Important Finding During
Heart Examination

Daria A. Filatova, Elena A. Mershina, Maria L. Plotnikova, Mariya V. Lisitskaya,
Valentin E. Sinitsyn

Lomonosov Moscow State University, Moscow, Russia

ABSTRACT

BACKGROUND: Mitral valve calcinosis is a chronic degenerative process in the fibrous structures of the mitral valve. Advanced
stages increase the risk of endocarditis and cardiac rhythm disturbances and contribute to cardiovascular mortality. The cause
of mitral valve calcinosis is still controversial; however, the contribution of atherosclerosis to its development is currently
undisputed. The prevalence of mitral valve calcinosis varies in different age groups and on average is higher in people with
cardiovascular disease.

AIM: To assess the prevalence of mitral valve calcinosis in patients undergoing computed tomography angiography and identify
the relationship between aortic and mitral valve calcinosis and coronary calcium index and signs of remodeling.

MATERIALS AND METHODS: A retrospective study of 336 patients who underwent computed tomography coronary angiography
with intravenous contrast enhancement at the Lomonosov Moscow State University Clinic between November 13, 2020, and
May 14, 2022, was conducted.

RESULTS: The prevalence of aortic (16.4%) and mitral (11%) valve calcinosis was high in people undergoing cardiovascular
examination, and a relationship was noted between valve calcinosis and coronary calcium index.

CONCLUSION: The detection of mitral valve calcinosis in patients during routine examination is important in predicting further
treatment and outcomes because valve calcinosis is an indirect indicator of coronary heart disease risk. Although valve
calcinosis is usually an incidental examination finding, it may indicate a high cardiovascular risk and should prompt further
evaluation, if clinically necessary.

Keywords: mitral valve; calcinosis; computed tomography; magnetic resonance imaging; echocardiography.
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KanbuuHos MUTPAJIbHOrr0 KijafnaHa KaK BaXXHas
HaxoAKa npu CEpAE‘-IHO-COCYAMCTOﬁ BU3yaJiu3aluuu

[.A. ®unaroBa, E.A. MepwmHa, M.J1. MnoTtHukoBa, M.B. Jincuukas, B.E. CuHMubIH

MocKoBCKWI rocyfapcTBeHHbIN yHuBepcuTeT MMen M.B. JlomoHocoBa, Mocksa, Poccus

AHHOTALIMA

06o0cHoBaHMe. KanbLMHO3 MUTPaNbHOMO KianaHa — 3T0 XPOHUYECKUW AereHepaTMBHbIN npouecc B GUOpPO3HBIX CTPYKTYpax
MWTPanbHOrO KNanaHa, Ha NPOABUHYTHLIX CTAAMSAX MOBLILLAIOLLWA PUCK Pa3BUTUSA 3HLOKApAMTa U HapYLLEHW pUTMa CepaLa,
a TaKXKe BHOCALLMIA BKNAf B CTPYKTYPY CEpAEYHO-COCYAMUCTON CMEPTHOCTU. 3TUOMOTUA KanbLMHO3a MUTPaNbHOMO KilanaHa
MnoKa sBnsieTca AucKyTabenbHbIM BONPOCOM, 04HAKO BKIaf, aTepoCK/Iep03a B ero pasBuTHE B HACTOsLLEe BPEMS He Bbi3blBaeT
COMHeHWW. PacnpocTpaHEHHOCTb KanbLMHO3a MUTPaJIbHOMO KilanaHa BapbupyeT B pa3HbIX BO3PACTHBIX FPynnax U B CPeAHEM
BblLLe Y Nlofen ¢ 3abonieBaHMAMM cepAeyHO-COCYAUCTON CUCTEMBI.

Lienb — oueHKa pacnpocTpaHEHHOCTM KanbLMHO3a MUTPasbHOTO KianaHa y NauueHToB, MPOXOAALIMX KOMMBIOTEPHY0 TOMO-
rpaduyecKyto aHruorpadmio; BbISBIEHUE B3aUMOCBA3W MEXAY KanbLWHO30M a0pTa/ibHOr0 U MUTPaNbHOMG KManaHoB M WH-
[,EKCOM KOPOHApHOro KanbLys, a TaKKe NpU3HaKaMu peMoJIeNIMpoBaHHUA.

Martepuanbl u MeToabl. [IpoBegeHo peTpocnekTMBHOE UcCnefoBaHWe 336 nauMeHTOB, NPOXOAMBLLMX KOMIbIOTEPHYKO TOMO-
rpacduyecKyto KopoHapoaHrorpaduio ¢ BHYTPUBEHHBIM KOHTPacTUpOBaHWeM Ha 6ase MeauumMHCKoro HayyHo-0bpasoBatesib-
HOro LieHTpa MoCKOBCKOro rocyAapcTBeHHOro yHueepcuteta uMenn M.B. JlomoHocoBa B nepuog ¢ 13.11.2020 no 14.05.2022.
Pesynbtathl. VccnefoBaHue noKasano BbICOKYHD pacrnpoCTPaHEHHOCTb KanbLMHO3a aopTanbHoro (16,4%) u MutpanbHoro
(11%) knanaHoB B nonynAuMK N0AEN, NPOXOAALLMX 0bCcne0BaHMe CEpLEYHO-COCYANCTON CUCTEMBI, @ TAKIKE HaMuue B3au-
MOCBSI31 My KanbLWMHO30M KNanaHoB U MHAEKCOM KOPOHapHOro KanbLuA.

3aknioyeHune. BoisBneHne KanbLMHO3a MUTPaNbHOMO KNanaHa Yy nauMeHToB Npu pYTMHHOM 06CNefoBaHUW UTpaeT BaXHYIo
ponb ANSl NPOrHO3WPOBaHMUS LalbHELLEr0 IEYEHUS U UCX0[a, MOCKOMbKY KanbLyMHO3 KIanaHoB fBMIAETCA KOCBEHHBIM MOKa-
3aTesieM pucKa ULweMMyeckomn bonesHu cepaua. byayuu, Kak npaBuno, clyqaifHOW Haxo[KOoW Npu 0BCnef0BaHUM, KanbLWHO3
K/anaHoB MOXET CBULETENbCTBOBATh 0 HaNMuMKM Y MaUMeHTa MOBbILIEHHOTO CepAEeYHO-COCYAUCTOr0 pUCKa U AOMKEH BbITh
NoBOJOM ANA JOMOSHUTENBHOIO 06CNeL0BaHNSA NPU KITMHUYECKOW HEOBXOLMMOCTY.

KnioueBble cioBa: MUTpasbHbIN KNanaH; KanbLWMHO3; KOMMbloTepHas ToMorpadus; MarHUTHO-pe3oHaHCHas ToMorpagus;
3XoKapamorpadms.
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BACKGROUND

Mitral valve calcinosis (MVC) is a chronic degenerative
condition of the fibrous ring of the mitral valve (MV). It is
characterized by calcium deposition, primarily in the posterior
leaflet. Caseous calcinosis is a distinct type of MV damage,
with a biochemical transformation of calcium and the
formation of caseous masses (thus the name). MVC (ordinary
or caseous) is frequently mistakenly regarded as a neoplasm
based on imaging findings; thus, the appropriate use of
different methods is critical for the differential diagnosis.

The overall incidence of MVC is approximately at 13%
[1]; however, it can range from 4.6% to 15.8%, depending on
the population [2]. The incidence of MVC is 35% in patients
with symptoms of cardiovascular diseases [3] and 36%
in patients with advanced renal insufficiency [1]. MVC is
typically asymptomatic and is discovered by accident during
examinations, contributing to this substantial variability. The
Framingham Heart Study revealed that MVC is extremely
rarely detected in patients aged <40 years [4]. This has a
major effect on cardiovascular morbidity and mortality
and outcomes of cardiovascular surgery. Unlike rheumatic
diseases, calcinosis usually does not significantly impair MV
function; however, severe MVC can cause mitral regurgitation.

STUDY AIM

This study aimed to assess the incidence and
characteristics of MVC and aortic valve calcinosis (AVC) in
patients who were tested for coronary artery atherosclerosis
using computed tomography (CT) coronary angiography.
Moreover, the study assessed the potential relationship
between these processes and the effect of calcinosis on MV
function and cardiac chamber morphology.

METHODS
Study Design

This retrospective, observational, single-center cohort
study enrolled patients who underwent CT coronary
angiography in the X-ray diagnosis department of the Medical
Research and Educational Center of the Lomonosov Moscow
State University.

Eligibility Criteria
Inclusion criteria: patients referred for contrast-enhanced
CT coronary angiography to rule out coronary artery
atherosclerosis.
Noninclusion criteria:
« Condition after coronary artery stenting or bypass
grafting (calcium score assessment was not feasible)
» Condition after valve replacement
« Congenital heart disorders and heart neoplasms
» History of severe allergic reaction to an iodine-containing
contrast enhancement agent
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« Severe condition preventing a diagnostically valuable
examination
Exclusion criteria: refusal to participate in the study.

Study Duration

The study was performed between November 13, 2020,
and May 14, 2022.

Therapeutic Intervention

CT coronary angiography with electrocardiogram (ECG)
gating was performed, which included two successive scans:
a native scan to determine the cardiac calcium score (CCS)
and an arterial enhancement scan (using an iodine-containing
contrast enhancement agent at a dose of 300 mg iodine per
1 mL, or 1 mL per 1 kg body weight). Retrospective ECG
gating was employed in all cases, which enabled additional
visualization of cardiac chambers during various phases
of the cardiac cycle. Coronary artery reconstruction in the
multiplanar reformation (MPR) mode was used for the
analysis of images.

Primary Outcome

Detection of MVC and AVC and calcified plaques in
coronary artery walls.

Secondary Outcomes

Detection of cardiac remodeling signs (left atrial
enlargement).

Subgroup Analysis

The patients were divided into subgroups depending on
the presence of valvular calcinosis:

« MVC group

« AVC group

+ MVC and AVC group

+ Group without valvular calcinosis

Moreover, the patients were divided into subgroups
depending on the CCS:

+ 0 (no coronary artery lesion)

+ 1-10 (minimal lesion)

+ 11-100 (insignificant lesion)

+ 101-400 (moderate lesion)

+ >400 (severe lesion)

Ethics Review

The study was approved by the Ethics Committee of the
Medical Research and Educational Center of the Lomonosov
Moscow State University on September 24, 2020.

Statistical Analysis

Statistical analysis was performed using
Microsoft Office Excel 2010 (Microsoft Corporation, USA).
Data were analyzed using the Kruskal-Wallis, Mann-
Whitney U, and chi-squared tests. The significance level
was P < 0.05.
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Table 1. Incidence of valvular calcification in the study groups
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MVC | AVC MVC, AVC No calcification
Number of patients 37 55 13 251
Mean age, years 66.18.9 66.7+1.9 67.0£9.7 60.1£11.6
Men/women 16/21 32/23 5/8 149/102
CCS, units 582.31875.3 435.3+591.4 314.24215.2 176.5+402.9

Note. AVC, aortic valve calcification; MVC, mitral valve calcification; CCS, cardiac calcium score.

RESULTS

Study Subjects

The study included 336 patients, of which 195 were men
(58%). The mean age was 61.1 + 11.8 years.

Primary Findings

The incidence rates of MVC and AVC in the study
groups were 11% (n = 37) and 16.4% (n = 55), respectively.
Calcification of both valves was observed in 3.9% of cases
(n = 13). Caseous MVC was reported in 7 (2.1%) patients.

Table 1 provides information on the study groups and the
detected incidence of valvular calcinosis.

When dividing patients into groups depending on the
presence of valvular calcinosis, significant differences in the
CCS were revealed. The analysis was performed using the
Kruskal-Wallis test (P < 0.001). The MVC group had the highest
CCS, whereas the group without calcinosis had the lowest value.

When analyzing arbitrary-sized contingency tables
using the chi-squared test, a positive correlation was found
between the CCS and the incidence of MVC and AVC (P <0.01)
(Fig. 1). However, the association was less significant for
AVC compared with that for MVC.

The severity of valvular calcinosis was assessed by
calculating the CCS and the estimated calcium volume. When

100 -
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -

10 -
o —H

Number of patients, %

comparing the coronary artery CCS and severity of valvular
calcinosis using the Mann-Whitney U test, no significant
association was found. This pattern was observed in both
the MVC and AVC groups.

Additional Findings

A potential association between left atrial enlargement
(an indirect factor of mitral valve disease) and MVC was
assessed. The analysis using the chi-squared test revealed a
significant association between the MVC factor and left atrial
enlargement as an outcome (P = 0.002).

Adverse Events

No adverse events or side effects of the contrast agent
were reported during the study.

DISCUSSION

Summary Of Primary Findings

This retrospective study demonstrated a high incidence
of MVC and AVC in patients undergoing a cardiovascular
examination using CT coronary angiography and an
association between valvular calcinosis and the CCS, with a
more significant correlation for MVC. However, the severity of
calcinosis was not associated with the coronary artery CCS.

0 1-10

1-100 101-400 >400

Total cardiac calcium score

m MVC AvC

MVC and AVC

No calcification

Fig. 1. Number of patients with valvular calcification in groups with different cardiac calcium score: AVC, aortic valve calcification; MVC,

mitral valve calcification.
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Moreover, a relationship was found between MVC and left
atrial enlargement.

Discussion of Primary Findings

According to the literature, a correlation was found
among MVC, AVC, and coronary artery atherosclerosis [5].
Moreover, a correlation was noted between coronary artery
atherosclerosis and systemic atherosclerosis. Our findings
are of relevance given that AVC exhibited a less significant
correlation with the CCS than MVC. This emphasizes that
the likelihood of valvular calcinosis is determined not only
by systemic atherosclerosis and associated risk factors but
also by other conditions. Timely diagnosis of MVC is clinically
significant because MVC can be considered a predictor of
atherosclerosis and MV disease in the future.

The pathophysiology of MVC is not fully understood. Nestico
et al. defined MVC as a chronic, age-related degenerative
condition that affects the fibrous support structure of the MV
[6]. During the first decade of life, the mitral annulus is made
up of parallel thin collagen fibers and some elastic fibers.
The thickness and density of collagen fibers increase with
age, as does the number of elastic fibers. Lipid spots form
between collagen fibers, accompanied by calcinosis areas.
Over time, collagen fiber misalignment increases, and lipid
and calcium deposits grow. Areas with decreased shear
stress and increased blood flow turbulence are susceptible
to atherosclerosis [7]. Calcification and lipid deposition in
the mitral annulus are commonly reported during autopsy in
patients without macroscopic signs of MVC [8].

Studies have demonstrated significant similarities
between atherosclerotic cardiovascular disease and chronic
degenerative changes in the mitral and aortic valves [9]; all
these events are typically caused by endothelial damage or
dysfunction [10]. Moreover, as calcinosis forms, the mitral
valve changes typical of atherosclerosis, such as inflammation
[11], lipid buildup [12], and matrix metalloproteinase activation
[13]. The renin—angiotensin—aldosterone system also plays
a role in the development of valvular calcinosis [14]. Over
time, focal calcium and lipoprotein deposits at microdamage
areas transform into dense, rigid structures that form MVC.
Moreover, numerous studies have demonstrated a significant
correlation between the severity of systemic atherosclerosis
and associated risk factors with MVC [15-17]. Thus,
several researchers propose that MVC and atherosclerotic
cardiovascular disease are two variants of the same
condition.

However, an essential feature of MVC pathogenesis is
that MVC more frequently affects women, whereas classic
atherosclerosis is more common in men [18]. Women also
have larger deposits in the mitral annulus. The formation of
extrauterine calcium deposits in older women was assumed
to be associated with severe bone loss due to osteoporosis
in postmenopause [19]. Moreover, bisphosphonate therapy
is associated with a lower incidence of cardiovascular
calcinosis in women aged >65 years [20].
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In addition to atherosclerosis, conditions associated with a
long-term MV overload, such as hypertension, aortic stenosis,
and hypertrophic cardiomyopathy, are also significant
contributors to MVC development. In these conditions, the
peak systolic pressure and MV closing pressure increase,
resulting in an increased load on the mitral annulus and
causing its degeneration [21].

Chronic renal failure is another significant risk factor for
MVC. Reduced glomerular filtration rate, end-stage renal
disease, and hemodialysis are linked to the incidence of
MVC [22]. This association can be attributable to various
reasons, including a high incidence of cardiovascular
risk factors and atherosclerosis in these patients, more
severe comorbidities, and impaired calcium—phosphorus
metabolism [23, 24]. Jesri et al. demonstrated that nearly
60% of patients with MVC have a reduced glomerular
filtration rate of <60 mL/min x 1.73 m? [25]. Notably, no
such association was found between chronic kidney disease
and MVC [26]. Moreover, patients with specific congenital
disorders, such as Marfan syndrome, which is characterized
by systemic connective tissue and cardiovascular system
damage, are more susceptible to MVC [27].

The Framingham Heart Study revealed a correlation
between MVC and the incidence of adverse cardiovascular
events and cardiovascular mortality [28]; the risk of the latter
depends on the severity of MVC [17]. The main reason is that
MVC is considered a marker of systemic atherosclerosis
and coronary artery atherosclerosis [29]. Inflammatory,
immune, and metabolic processes can also participate in
this relationship. MVC in patients aged <65 years with chest
pain is an important, independent predictor of significant
stenosis of at least one coronary artery. The absence of MVC
in women aged <65 years is an independent predictor of the
absence of coronary heart disease [3]. Thus, MVC in patients
aged <65 years must be considered by practitioners as a
significant marker of coronary heart disease. It is relevant
in patients without clinical signs of this disease, and these
patients require risk factor and lifestyle modifications to
reduce the risk of adverse coronary events.

The literature data on the relationship between MVC and
stroke are less consistent. Some studies (e.g., Kizer et al.
[30]) confirm this correlation, whereas others (Rodriguez
et al. [31]) found that it significantly decreased after
making adjustments for classic risk factors for stroke.
MVC is associated with coronary artery atherosclerosis
and ventricular fibrillation, which can explain the reported
correlation between MVC and stroke [32, 33].

Evidence shows that calcinosis can affect the MV function
because the mobility of the posterior leaflet decreases when
the base is densely infiltrated. This, in turn, increases the
risk of elongation and rupture of the chordae tendineae,
resulting in secondary mitral regurgitation [34]. The incidence
of endocarditis in MVC is unknown. Although it is rare, it is a
potentially fatal condition characterized by vegetation on the
MV leaflets or mitral annulus [35].
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Fig. 2. Female patient, aged 65 years. Mitral valve calcification according to various methods: (a, b) computed tomography (axial and sagittal
planes, without contrast enhancement); (c) magnetic resonance imaging (four-chamber long-axis view, delayed contrast enhancement).

The association between MVC and cardiac rhythm disorders
is well-known. The most common disorders are atrioventricular
block, bundle branch block, and intraventricular conduction
block [36]. According to the literature, the incidence of cardiac
rhythm disorders was significantly higher in patients with MVC
than in the control group (70% vs. 34%) [37]. This could be
because calcinosis directly extends to the atrioventricular
node and the bundle of His. A significant correlation between
MVC and atrial fibrillation was also associated with left atrial
enlargement [38].

Given that MVC is mostly asymptomatic and can
have potentially life-threatening consequences, its timely
diagnosis is critical. In some cases, distinguishing between
MVC, thrombosis, and neoplasms is difficult. Moreover,
some authors report that calcinosis may appear similar to
a myocardial abscess [39].

Echocardiography (EchoCG) is used for the primary
diagnosis of MVC, which is visualized as a static hyperechoic
structure with sharp edges, usually in the subvalvular
space, beneath the MV posterior leaflet. Moreover, MVC is
sometimes visualized as a heterogeneous structure with
hypoechoic areas. Large calcinosiss may form an acoustic
shadow, preventing clear visualization. Observation of typical
MVC characteristics does not require further examination;
however, the sensitivity of EchoCG is often insufficient to
distinguish between calcium and other dense structures
(such as collagen). Advanced abscesses can resemble MVC
caused by consolidation and calcinosis areas. Magnetic
resonance imaging (MRI) and CT can be used for follow-up
examinations in cases in which visualization using EchoCG is
difficult when there is a nonspecific increase in inflammatory
markers (which does not allow ruling out an abscess or
neoplasm), and in some other doubtful situations.

MVC typically has a decreased signal on standard cine
MRI sequences, which sometimes makes it difficult to
distinguish between calcium, adjacent cardiac muscles,
and neoplasms in this location. T2-weighted images make
it easier to differentiate MVC from other surrounding

DOI: https://doiorg/1017816/DD624754

structures. Contrast enhancement does not result in
significant perfusion during the early phase or delayed
enhancement during the late phase (Fig. 2c). A thin rim
of contrast is sometimes observed along the margin
during the late phase. MVC can be distinguished from
benign or malignant neoplasms based on the absence
of vascularization and necrosis in the central part. MVC
is displayed as a hypointense central part on T1- and
T2-weighted images, whereas myxoma and lipoma are
characterized by a hypointense signal due to mucin or fat
in the stroma [40]. MR signs of abscesses depend on the
stage; however, they are typically visualized as structures
with a hypointense signal in the center and a hypointense
signal in the periphery. However, the sensitivity and
specificity of MRI are not always sufficient for an accurate
differential diagnosis among MVC, thrombosis, and tumors.
In these cases, CT is employed for follow-up examination.

On CT, MVC is visualized as a hyperdense structure
without signs of contrast uptake, with an avascular, “soft”
center. A fibrous capsule with heterogeneous, dense
calcium areas is sometimes observed in the periphery [41]
(Fig. 2a, b). CT allows determining the location and extent
of MVC and its effect on valve function. Calculating the CCS
enables a quantitative assessment of MVC.

Thus, a multimodal approach is recommended to make an
accurate diagnosis of MVC. EchoCG is the first-line method,
and ambiguous results necessitate additional examination
using both MRI and CT. Notably, the use of various imaging
methods not only allows for a correct diagnosis but also
provides valuable information about the other conditions
(coronary artery atherosclerosis, valve stenosis, reduced
ventricular contractility, reduced ventricular contractility,
hypokinesia or dyskinesia areas, etc.) of the patient, which
may affect the treatment strategy.

Study Limitations

The study limitations include the analysis of calcified
coronary artery plaques solely disregarding soft plaques. The
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correlation between the severity of coronary artery stenosis
and soft plaques will be assessed in the next phase of the
study. In addition, clinical data, as well as EchoCG findings,
were not analyzed.

CONCLUSION

MVC is commonly observed and is typically
asymptomatic. The etiology of this condition is not
fully understood; however, it shows a clear association
with systemic atherosclerosis. MVC is associated with
atherosclerosis and MV disease; thus, early disease
diagnosis is clinically significant for the prevention of
potentially dangerous conditions.

This study revealed a high incidence of valvular calcinosis
in the population (the incidence rates of MVC, AVC, and
calcinosis of both valves were 11%, 16.4%, and 3.9%,
respectively). Moreover, a correlation was found between
valvular calcinosis and coronary artery atherosclerosis,
with a more significant association for the MV. Moreover,
a relationship was found between MVC and left atrial
enlargement.

Distinguishing between MVC, heart neoplasms,
thrombosis, and some other conditions is difficult. EchoCG is
used for the primary diagnosis of MVC; however, this condition
can be mistaken for a neoplasm or thrombosis. Thus,

REFERENCES

1. Maher ER, Young G, Smyth-Walsh B, Pugh S, Curtis JR. Aortic
and mitral valve calcification in patients with end-stage renal disease.
Lancet. 1987;330(8564):875-877. doi: 10.1016/s0140-6736(87)91370-5
2. Fox E, Harkins D, Taylor H, et al. Epidemiology of mitral
annular calcification and its predictive value for coronary events
in African Americans: the Jackson Cohort of the Atherosclerotic
Risk in Communities Study. Am. Heart J. 2004;148(6):979-984.
doi: 10.1016/}.ah;.2004.05.048

3. Atar S, Jeon DS, Luo H, Siegel RJ. Mitral annular calcification:
a marker of severe coronary artery disease in patients under
65 years old. Heart. 2003;89(2):161-164. doi: 10.1136/heart.89.2.161
4. Savage DD, Garrison RJ, Castelli WP, et al. Prevalence
of submitral (anular) calcium and its correlates in a general
population-based sample (the Framingham Study). Am. J. Cardiol.
1983;51(8):1375-1378. doi: 10.1016/0002-9149(83)90315-6

5. Barasch E, Gottdiener JS, Larsen EKM, et al. Clinical significance
of calcification of the fibrous skeleton of the heart and aortosclerosis
in community dwelling elderly. The Cardiovascular Health Study
(CHS). Am. Heart J. 2006;151(1):39—47. doi: 10.1016/j.ah}.2005.03.052
6. Nestico PF, Depace NL, Morganroth J, Kotler MN, Ross J.
Mitral annular calcification: clinical, pathophysiology, and
echocardiographic review. Am. Heart J. 1984;107(5 Pt 1):989-996.
doi: 10.1016/0002-8703(84)90840-8

7. Stary HC, Blankenhorn DH, Chandler AB, et al. A definition of the
intima of human arteries and of its atherosclerosis-prone regions.
A report from the Committee on Vascular Lesions of the Council on

Vol.5 (2) 2024

DO https://doiorg/10.17816/BD624754

Digital Diagnostics

when the findings are insufficient, follow-up examinations
using cardiac MRI and CT are recommended. The use of a
comprehensive approach and ensuring appropriate follow-up
in patients with MVC and concomitant conditions, including
calcinosis of other heart valves, are encouraged.

ADDITIONAL INFORMATION

Funding source. The work was performed within the framework
of the State assignment of Lomonosov Moscow State University
(theme 0708 “Application of new functional and perfusion CT and
MRI techniques to improve diagnostics”).

Competing interests. The authors declare that they have no
competing interests.

Authors’ contribution. All authors made a substantial contribution
to the conception of the work, acquisition, analysis, interpretation
of data for the work, drafting and revising the work, final approval
of the version to be published and agree to be accountable for all
aspects of the work.

D.A. Filatova — forming the research group, conducting data
statistical analysis, writing the text of the article; E.A. Mershina —
developing the research concept, editing the text of the article;
M.L. Plotnikova — editing the text of the article; M.V. Lisitskaya —
development of the research concept, editing the text of the article;
V.E. Sinitsyn — development of the research concept, approval of
the final version of the text.

Arteriosclerosis, American Heart Association. Arterioscler. Thromb. J.
Vasc. Biol. 1992;12(1):120-134. doi: 10.1161/01.atv.12.1.120

8. Allison MA, Cheung P, Criqui MH, Langer RD, Wright CM.
Mitral and Aortic Annular Calcification Are Highly Associated With
Systemic Calcified Atherosclerosis. Circulation. 2006;113(6):861-866.
doi: 10.1161/CIRCULATIONAHA.105.552844

9. Otto CM, Kuusisto J, Reichenbach DD, Gown AM, O'Brien KD.
Characterization of the early lesion of “degenerative” valvular aortic
stenosis. Histological and immunohistochemical studies. Circulation.
1994;90(2):844-853. doi: 10.1161/01.¢ir.90.2.844

10. Mohler ER. Mechanisms of aortic valve calcification. Am. J.
Cardiol. 2004;94(11):1396-1402. doi: 10.1016/j.amjcard.2004.08.013
11. Shahi CN, Ghaisas NK, Goggins M, et al. Elevated levels
of circulating soluble adhesion molecules in patients with
nonrheumatic aortic stenosis. Am. J. Cardiol. 1997:79(7):980-982.
doi: 10.1016/50002-9149(97)00027-1

12. Olsson M, Thyberg J, Nilsson J. Presence of oxidized low density
lipoprotein in nonrheumatic stenatic aortic valves. Arterioscler. Thromb.
Vasc. Biol. 1999;19(5):1218-1222. doi: 10.1161/01.atv.19.5.1218

13. Edep ME, Shirani J, Wolf P, Brown DL. Matrix metalloproteinase
expression in nonrheumatic aortic stenosis. Cardiovasc. Pathol.
2000;9(5):281-286. doi: 10.1016/51054-8807(00)00043-0

14. O'Brien KD, Shavelle DM, Caulfield MT, et al. Association of
Angiotensin-Converting Enzyme With Low-Density Lipoprotein
in Aortic Valvular Lesions and in Human Plasma. Circulation.
2002;106(17):2224-2230. doi: 10.1161/01.CIR.0000035655.45453.02



https://doi.org/10.17816/DD624754
https://doi.org/10.1016/s0140-6736(87)91370-5
https://doi.org/10.1016/j.ahj.2004.05.048
https://doi.org/10.1136/heart.89.2.161
https://doi.org/10.1016/0002-9149(83)90315-6
https://doi.org/10.1016/j.ahj.2005.03.052
https://doi.org/10.1016/0002-8703(84)90840-8
https://doi.org/10.1161/01.atv.12.1.120
https://doi.org/10.1161/CIRCULATIONAHA.105.552844
https://doi.org/10.1161/01.cir.90.2.844
https://doi.org/10.1016/j.amjcard.2004.08.013
https://doi.org/10.1016/s0002-9149(97)00027-1
https://doi.org/10.1161/01.atv.19.5.1218
https://doi.org/10.1016/s1054-8807(00)00043-0
https://doi.org/10.1161/01.CIR.0000035655.45453.D2

ORIGINAL STUDY ARTICLES

15. Pohle K, Otte M, Maffert R, et al. Association of cardiovascular
risk factors to aortic valve calcification as quantified by electron
beam computed tomography. Mayo Clin. Proc. 2004;79(10):1242—
1246. doi: 10.4065/79.10.1242

16. Wong ND, Sciammarella M, Arad Y, et al. Relation of thoracic
aortic and aortic valve calcium to coronary artery calcium
and risk assessment. Am. J. Cardiol. 2003;92(8):951-955.
doi: 10.1016/s0002-9149(03)00976-7

17. Fox CS, Vasan RS, Parise H, et al. Mitral Annular Calcification
Predicts Cardiovascular Morbidity and Mortality. Circulation.
2003;107(11):1492-1496. doi: 10.1161/01.CIR.0000058168.26163.BC
18. Tenenbaum A, Fisman EZ, Pines A, et al. Gender paradox in
cardiac calcium deposits in middle-aged and elderly patients: mitral
annular and coronary calcifications interrelationship. Maturitas.
2000;36(1):35-42. doi: 10.1016/s0378-5122(00)00120-1

19. Sugihara N, Matsuzaki M. The influence of severe bone loss on
mitral annular calcification in postmenopausal osteoporosis of elderly
Japanese women. Jpn. Circ. J. 1993;57(1):14-26. doi: 10.1253/jcj.57.14
20. Elmariah S, Delaney JAC, 0'Brien KD, et al. Bisphosphonate Use
and Prevalence of Valvular and Vascular Calcification in Women
MESA (The Multi-Ethnic Study of Atherosclerosis). J. Am. Coll.
Cardiol. 2010;56(21):1752-1759. doi: 10.1016/j.,jacc.2010.05.050

21. Elmariah S, Delaney JAC, Bluemke DA, et al. Associations
of LV hypertrophy with prevalent and incident valve calcification:
Multi-Ethnic Study of Atherosclerosis. JACC Cardiovasc. Imaging.
2012;5(8):781-788. doi: 10.1016/j.jcmg.2011.12.025

22. Adler Y, Koren A, Fink N, et al. Association between mitral
annulus calcification and carotid atherosclerotic disease. Stroke.
1998;29(9):1833-1837. doi: 10.1161/01.5tr.29.9.1833

23.Umana E, Ahmed W, Alpert MA. Valvular and perivalvular
abnormalities in end-stage renal disease. Am. J. Med. Sci.
2003;325(4):237-242. doi: 10.1097/00000441-200304000-00010

24, Alfrey AC. The role of abnormal phosphorus metabolism
in the progression of chronic kidney disease and metastatic
calcification.  Kidney Int.  Suppl.  2004;(90):S13-S17.
doi: 10.1111/j.1523-1755.2004.09003.x

25. Jesri A, Braitman LE, Pressman GS. Severe mitral annular
calcification predicts chronic kidney disease. Int. J. Cardiol
2008;128(2):193-196. doi: 10.1016/j.ijcard.2007.05.015

26. Ribeiro S, Ramos A, Branddao A, et al. Cardiac valve
calcification in haemadialysis patients: role of calcium-phosphate
metabolism. Nephrol. Dial. Transplant. 1998;13(8):2037-2040.
doi: 10.1093/ndt/13.8.2037

27. Correia J, Rodrigues D, da Silva AM, S& e Melo A, Providéncia
LA. Massive calcification of the mitral valve annulus in an
adolescent with Marfan syndrome. A case report. Rev. Port. Cardiol.
2006;25(10):921-926.

28. Volzke H, Haring R, Lorbeer R, et al. Heart valve sclerosis
predicts all-cause and cardiovascular mortality. Atherosclerosis.
2010;209(2):606—610. doi: 10.1016/j.atherosclerosis.2009.10.030
29. Tenenbaum A, Shemesh J, Fisman EZ, Motro M. Advanced
mitral annular calcification is associated with severe coronary

Vol.5 (2) 2024

DO https://doiorg/10.17816/BD624754

Digital Diagnostics

calcification on fast dual spiral computed tomography. Invest. Radiol.
2000;35(3):193-198. doi: 10.1097/00004424-200003000-00006

30. Kizer JR, Wiebers DO, Whisnant JP, et al. Mitral
annular calcification, aortic valve sclerosis, and incident
stroke in adults free of clinical cardiovascular disease:
the Strong Heart Study. Stroke. 2005;36(12):2533-2537.
doi: 10.1161/01.STR.0000190005.09442.ad

31. Rodriguez CJ, Bartz TM, Longstreth WT, et al. Association of
annular calcification and aortic valve sclerosis with brain findings on
magnetic resonance imaging in community dwelling older adults: the
cardiovascular health study. J. Am. Coll. Cardiol. 2011;57(21):2172—
2180. doi: 10.1016/}.jacc.2011.01.034

32. 0'Neal WT, Efird JT, Nazarian S, et al. Mitral annular
calcification and incident atrial fibrillation in the Multi-Ethnic
Study of Atherosclerosis. EP Europace. 2015;17(3):358-363.
doi: 10.1093/europace/euu265

33. Willens HJ, Ferreira AC, Gallagher AJ, Morytko JA.
Mobile components associated with rapidly developing
mitral annulus calcification in patients with chronic renal
failure: review of mobile elements associated with mitral
annulus calcification. Echocardiogr. 2003;20(4):363-367.
doi: 10.1046/].1540-8175.2003.03042.x

34. Movahed MR, Saito Y, Ahmadi-Kashani M, Ebrahimi R. Mitral
Annulus Calcification is associated with valvular and cardiac
structural abnormalities. Cardiovasc. Ultrasound. 2007;5(1):14.
doi: 10.1186/1476-7120-5-14

35. Vistarini N, d'Alessandro C, Aubert S, et al. Surgery for infective
endocarditis on mitral annulus calcification. J. Heart Valve Dis.
2007;16(6):611-616.

36. Fulkerson PK, Beaver BM, Auseon JC, Graber HL.
Calcification of the mitral annulus: Etiology, clinical associations,
complications and therapy. Am. J. Med. 1979;66(6):967-977.
doi: 10.1016/0002-9343(79)90452-2

37. Takamoto T, Popp RL. Conduction disturbances related
to the site and severity of mitral anular calcification:
A 2-dimensional echocardiographic and electrocardiographs
correlative study. Am. J. Cardiol. 1983;51(10):1644—1649.
doi: 10.1016/0002-9149(83)90202-3

38. Pekdemir H, Cansel M, Yagmur J, et al. Assessment of atrial
conduction time by tissue Doppler echocardiography and P-wave
dispersion in patients with mitral annulus calcification. J. Electrocardiol.
2010;43(4):339-343. doi: 10.1016/j.jelectrocard.2010.02.013

39. Sveric KM, Platzek |, Golgor E, et al. Purposeful use of
multimodality imaging in the diagnosis of caseous mitral annular
calcification: a case series report. BMC Med. Imaging. 2022;22:7.
doi: 10.1186/512880-021-00725-x

40. Tyebally S, Chen D, Bhattacharyya S, et al. Cardiac Tumors:
JACC CardioOncology State-of-the-Art Review. JACC CardioOncology.
2020;2(2):293-311. doi: 10.1016/].jaccao.2020.05.009

41. Mayr A, Miller S, Feuchtner G. The Spectrum of Caseous
Mitral Annulus Calcifications. JACC Case Rep. 2020;3(1):104-108.
doi: 10.1016/}.jaccas.2020.09.039

227


https://doi.org/10.17816/DD624754
https://doi.org/10.4065/79.10.1242
https://doi.org/10.1016/s0002-9149(03)00976-7
https://doi.org/10.1161/01.CIR.0000058168.26163.BC
https://doi.org/10.1016/s0378-5122(00)00120-1
https://doi.org/10.1253/jcj.57.14
https://doi.org/10.1016/j.jacc.2010.05.050
https://doi.org/10.1016/j.jcmg.2011.12.025
https://doi.org/10.1161/01.str.29.9.1833
https://doi.org/10.1097/00000441-200304000-00010
https://doi.org/10.1111/j.1523-1755.2004.09003.x
https://doi.org/10.1016/j.ijcard.2007.05.015
https://doi.org/10.1093/ndt/13.8.2037
https://doi.org/10.1016/j.atherosclerosis.2009.10.030
https://doi.org/10.1097/00004424-200003000-00006
https://doi.org/10.1161/01.STR.0000190005.09442.ad
https://doi.org/10.1016/j.jacc.2011.01.034
https://doi.org/10.1093/europace/euu265
https://doi.org/10.1046/j.1540-8175.2003.03042.x
https://doi.org/10.1186/1476-7120-5-14
https://doi.org/10.1016/0002-9343(79)90452-2
https://doi.org/10.1016/0002-9149(83)90202-3
https://doi.org/10.1016/j.jelectrocard.2010.02.013
https://doi.org/10.1186/s12880-021-00725-x
https://doi.org/10.1016/j.jaccao.2020.05.009
https://doi.org/10.1016/j.jaccas.2020.09.039

228

ORIGINAL STUDY ARTICLES

CMUCOK JIUTEPATYPbI

1. Maher ER, Young G., Smyth-Walsh B., Pugh S., Curtis J.R.
Aortic and mitral valve calcification in patients with end-stage
renal disease // Lancet. 1987. Vol. 330, N 8564. P. 875-877.
doi: 10.1016/s0140-6736(87)91370-5

2. Fox E., Harkins D., Taylor H., et al. Epidemiology of mitral
annular calcification and its predictive value for coronary events in
African Americans: the Jackson Cohart of the Atherosclerotic Risk in
Communities Study // Am. Heart J. 2004. Vol. 148, N 6. P. 979-984.
doi: 10.1016/}.ahj.2004.05.048

3. Atar S, Jeon DS, Luo H., Siegel RJ. Mitral annular
calcification: a marker of severe coronary artery disease in patients
under 65 years old // Heart. 2003. Vol. 89, N 2. P. 161-164.
doi: 10.1136/heart.89.2.161

4. Savage D.D., Garrison RJ. Castelli W.P., et al. Prevalence
of submitral (anular) calcium and its correlates in a general
population-based sample (the Framingham Study) // Am. J. Cardiol.
1983.Vol. 51, N 8. P. 1375-1378. doi: 10.1016/0002-9149(83)90315-6
5. Barasch E., Gottdiener J.S., Larsen EKM., et al. Clinical
significance of calcification of the fibrous skeleton of the heart and
aortosclerosis in community dwelling elderly. The Cardiovascular
Health Study (CHS) // Am. Heart J. 2006. Vol. 151, N 1. P. 39-47.
doi: 10.1016/}.ahj.2005.03.052

6. Nestico P.F., Depace N.L, Morganroth J, Kotler MN,
Ross J. Mitral annular calcification: clinical, pathophysiology, and
echocardiographic review // Am. Heart J. 1984. Vol. 107, N 5 Pt 1.
P. 989-996. doi: 10.1016/0002-8703(84)90840-8

7. Stary H.C, Blankenhorn D.H., Chandler A.B., et al. A definition of
the intima of human arteries and of its atherosclerosis-prone regions.
A report from the Committee on Vascular Lesions of the Council
on Arteriosclerosis, American Heart Association // Arterioscler.
Thromb. J. Vasc. Biol. 1992. Vol. 12, N 1. P. 120-134.
doi: 10.1161/01.atv.12.1.120

8. Allison M.A,, Cheung P., Criqui M.H., Langer R.D., Wright CM.
Mitral and Aortic Annular Calcification Are Highly Assaociated With
Systemic Calcified Atherosclerosis // Circulation. 2006. Vol. 113, N 6.
P. 861-866. doi: 10.1161/CIRCULATIONAHA.105.552844

9. Otto CM, Kuusisto J., Reichenbach D.D., Gown AM.,
0'Brien K.D. Characterization of the early lesion of “degenerative”
valvular aortic stenosis. Histological and immunochistochemical
studies // Circulation. 1994. Vol. 90, N 2. P. 844-853.
doi: 10.1161/01.cir.90.2.844

10. Mohler E.R. Mechanisms of aortic valve calcification // Am.
J. Cardiol. 2004. Vol. 94, N 11. P. 1396-1402.
doi: 10.1016/j.amjcard.2004.08.013

11. Shahi CN., Ghaisas N.K., Goggins M., et al. Elevated levels of
circulating soluble adhesion molecules in patients with nonrheumatic
aortic stenosis // Am. J. Cardiol. 1997. Vol. 79, N 7. P. 980-982.
doi: 10.1016/s0002-9149(97)00027-1

12. Olsson M., Thyberg J., Nilsson J. Presence of oxidized low density
lipoprotein in nonrheumatic stenctic aortic valves // Arterioscler.
Thromb. Vasc. Biol. 1999. Vol. 19, N 5 P. 1218-1222.
doi: 10.1161/01.atv.19.5.1218

Vol.5 (2) 2024

DO https://doiorg/10.17816/BD624754

Digital Diagnostics

13. Edep M.E., Shirani J., Wolf P., Brown D.L. Matrix metalloproteinase
expression in nonrheumatic aortic stenosis // Cardiovasc. Pathol.
2000. Vol. 9, N 5. P. 281-286. doi: 10.1016/51054-8807(00)00043-0
14. O'Brien K.D., Shavelle D.M., Caulfield M.T,, et al. Association of
Angiotensin-Converting Enzyme With Low-Density Lipoprotein in Aortic
Valvular Lesions and in Human Plasma // Circulation. 2002. Vol. 106,
N 17. P. 2224-2230. doi: 10.1161/01.CIR.0000035655.45453.D2

15. Pohle K., Otte M., Méffert R., et al. Association of cardiovascular
risk factors to aortic valve calcification as quantified by electron
beam computed tomography // Mayo Clin. Prac. 2004. Vol. 79, N 10.
P. 1242-1246. doi: 10.4065/79.10.1242

16. Wong N.D., Sciammarella M., Arad Y., et al. Relation of thoracic
aortic and aortic valve calcium to coronary artery calcium and
risk assessment // Am. J. Cardiol. 2003. Vol. 92, N 8. P. 951-955.
doi: 10.1016/s0002-9149(03)00976-7

17. Fox CS., Vasan RS., Parise H., et al. Mitral Annular
Calcification  Predicts  Cardiovascular ~ Morbidity and
Mortality // Circulation. 2003. Vol. 107, N 11. P. 1492-1496.
doi: 10.1161/01.CIR.0000058168.26163.BC

18. Tenenbaum A., Fisman E.Z, Pines A, et al. Gender paradox in
cardiac calcium deposits in middle-aged and elderly patients: mitral
annular and coronary calcifications interrelationship // Maturitas.
2000. Vol. 36, N 1. P. 35-42. doi: 10.1016/s0378-5122(00)00120-1
19. Sugihara N., Matsuzaki M. The influence of severe bone loss
on mitral annular calcification in postmenopausal osteoporosis of
elderly Japanese women // Jpn. Circ. J. 1993. Vol. 57, N 1. P. 14-26.
doi: 10.1253/jcj.57.14

20. Elmariah S., Delaney J.A.C,, O'Brien K.D., et al. Bisphosphanate
Use and Prevalence of Valvular and Vascular Calcification in
Women MESA (The Multi-Ethnic Study of Atherosclerosis) // J.
Am. Coll. Cardiol. 2010. Vol. 56, N 21. P. 1752-1759.
doi: 10.1016/}.jacc.2010.05.050

21.Elmariah S., Delaney JA.C., Bluemke D.A., et al
Assaciations of LV hypertrophy with prevalent and incident
valve calcification: Multi-Ethnic Study of Atherosclerosis // JACC
Cardiovasc. Imaging. 2012. Vol. 5, N 8. P. 781-788.
doi: 10.1016/j.jcmg.2011.12.025

22. Adler Y., Koren A, Fink N, et al. Association between mitral
annulus calcification and carotid atherosclerotic disease // Stroke.
1998. Vol. 29, N 9. P. 1833-1837. doi: 10.1161/01.5tr.29.9.1833

23. Umana E., Ahmed W., Alpert M.A. Valvular and perivalvular
abnormalities in end-stage renal disease // Am. J. Med. Sci. 2003.
Vol. 325, N 4. P. 237-242. doi: 10.1097/00000441-200304000-00010
24, Alfrey AC. The role of abnormal phosphorus metabolism
in the progression of chronic kidney disease and metastatic
calcification // Kidney Int. Suppl. 2004. N 90. P. S13-S17.
doi: 10.1111/}.1523-1755.2004.09003.x

25. Jesri A, Braitman L.E,, Pressman G.S. Severe mitral annular
calcification predicts chronic kidney disease // Int. J. Cardiol. 2008.
Vol. 128, N 2. P. 193-196. doi: 10.1016/}.ijcard.2007.05.015

26. Ribeiro S., Ramos A, Brandao A, et al. Cardiac valve
calcification in haemodialysis patients: role of calcium-phosphate



https://doi.org/10.1016/s0140-6736(87)91370-5
https://doi.org/10.1016/j.ahj.2004.05.048
https://doi.org/10.1136/heart.89.2.161
https://doi.org/10.1016/0002-9149(83)90315-6
https://doi.org/10.1016/j.ahj.2005.03.052
https://doi.org/10.1016/0002-8703(84)90840-8
https://doi.org/10.1161/01.atv.12.1.120
https://doi.org/10.1161/CIRCULATIONAHA.105.552844
https://doi.org/10.1161/01.cir.90.2.844
https://doi.org/10.1016/j.amjcard.2004.08.013
https://doi.org/10.1016/s0002-9149(97)00027-1
https://doi.org/10.1161/01.atv.19.5.1218
https://doi.org/10.1016/s1054-8807(00)00043-0
https://doi.org/10.1161/01.CIR.0000035655.45453.D2
https://doi.org/10.4065/79.10.1242
https://doi.org/10.1016/s0002-9149(03)00976-7
https://doi.org/10.1161/01.CIR.0000058168.26163.BC
https://doi.org/10.1016/s0378-5122(00)00120-1
https://doi.org/10.1253/jcj.57.14
https://doi.org/10.1016/j.jacc.2010.05.050
https://doi.org/10.1016/j.jcmg.2011.12.025
https://doi.org/10.1161/01.str.29.9.1833
https://doi.org/10.1097/00000441-200304000-00010
https://doi.org/10.1111/j.1523-1755.2004.09003.x
https://doi.org/10.1016/j.ijcard.2007.05.015
https://doi.org/10.17816/DD624754

ORIGINAL STUDY ARTICLES

metabolism // Nephrol. Dial. Transplant. 1998. Vol. 13, N 8. P. 2037-
2040. doi: 10.1093/ndt/13.8.2037

27. Correia J., Rodrigues D. da Silva AM., Sa e Melo A,
Providéncia L.A. Massive calcification of the mitral valve annulus in
an adolescent with Marfan syndrome. A case report // Rev. Port.
Cardiol. 2006. Vol. 25, N 10. P. 921-926.

28.Volzke H., Haring R., Lorbeer R., et al. Heart
valve sclerosis predicts all-cause and cardiovascular
mortality // Atherosclerosis. 2010. Vol. 209, N 2. P. 606-610.
doi: 10.1016/j.atherosclerosis.2009.10.030

29. Tenenbaum A, Shemesh J., Fisman E.Z, Motro M.
Advanced mitral annular calcification is associated with
severe coronary calcification on fast dual spiral computed
tomography // Invest. Radiol. 2000. Vol. 35, N 3. P. 193-198.
doi: 10.1097/00004424-200003000-00006

30. Kizer J.R., Wiebers D.0., Whisnant J.P., et al. Mitral annular
calcification, aortic valve sclerosis, and incident stroke in
adults free of clinical cardiovascular disease: the Strong
Heart Study // Stroke. 2005. Vol. 36, N 12. P. 2533-2537.
doi: 10.1161/01.STR.0000190005.09442.ad

31. Rodriguez C.J., Bartz TM,, Longstreth W.T., et al. Association of
annular calcification and aortic valve sclerosis with brain findings on
magnetic resonance imaging in community dwelling older adults:
the cardiovascular health study // J. Am. Coll. Cardiol. 2011. Vol. 57,
N 21. P. 2172-2180. doi: 10.1016/j.jacc.2011.01.034

32. 0'Neal W.T, Efird J.T., Nazarian S., et al. Mitral annular
calcification and incident atrial fibrillation in the Multi-Ethnic Study
of Atherosclerosis // EP Europace. 2015. Vol. 17, N 3. P. 358-363.
doi: 10.1093/europace/euu265

33. Willens H.J., Ferreira A.C., Gallagher AJ., Morytko J.A.
Mobile components associated with rapidly developing mitral
annulus calcification in patients with chronic renal failure:
review of mobile elements associated with mitral annulus

AUTHORS’ INFO

* Daria A. Filatova, MD;

address: 27/10 Lomonosovsky av, 119991,
Moscow, Russia;

ORCID: 0000-0002-0894-1994;

eLibrary SPIN: 2665-5973;

e-mail: dariafilatova.msu@mail.ru

Elena A. Mershina, MD, Cand. Sci. (Medicine);
ORCID: 0000-0002-1266-4926;

eLibrary SPIN: 6897-9641;

e-mail: elena_mershina@mail.ru

Maria L. Plotnikova, MD;

ORCID: 0000-0001-7533-9867;

eLibrary SPIN: 1857-0770;

e-mail: maria_plotnikova@inbox.ru

* Corresponding author / ABTop, 0TBETCTBEHHBIN 3@ NEPenucKy

Vol.5 (2) 2024

DO https://doiorg/10.17816/BD624754

Digital Diagnostics

calcification // Echocardiogr. 2003. Vol. 20, N 4. P. 363-367.
doi: 10.1046/}.1540-8175.2003.03042.x

34. Movahed MR, Saito Y., Ahmadi-Kashani M., Ebrahimi R.
Mitral Annulus Calcification is associated with valvular and cardiac
structural abnormalities // Cardiovasc. Ultrasound. 2007. Vol. 5, N 1.
P. 14. doi: 10.1186/1476-7120-5-14

35. Vistarini N., d'Alessandro C., Aubert S., et al. Surgery for infective
endocarditis on mitral annulus calcification // J. Heart Valve Dis.
2007. Vol. 16, N 6. P. 611-616.

36. Fulkerson P.K., Beaver B.M., Auseon J.C., Graber H.L.
Calcification of the mitral annulus: Etiology, clinical associations,
complications and therapy // Am. J. Med. 1979. Vol. 66, N 6. P. 967—
977. doi: 10.1016/0002-9343(79)90452-2

37. Takamoto T., Popp R.L. Conduction disturbances related to the
site and severity of mitral anular calcification: A 2-dimensional
echocardiographic and  electrocardiographs  correlative
study // Am. J. Cardiol. 1983. Vol. 51, N 10. P. 1644-1649.
doi: 10.1016/0002-9149(83)90202-3

38. Pekdemir H., Cansel M., Yagmur J., et al. Assessment of
atrial conduction time by tissue Doppler echocardiography
and P-wave dispersion in patients with mitral annulus
calcification // J. Electrocardiol. 2010. Vol. 43, N 4. P. 339-343.
doi: 10.1016/j.jelectrocard.2010.02.013

39. Sveric KM, Platzek I, Golgor E., et al. Purposeful use of
multimodality imaging in the diagnosis of caseous mitral annular
calcification: a case series report // BMC Med. Imaging. 2022. Vol. 22.
P.7. doi: 10.1186/512880-021-00725-x

40. Tyebally S., Chen D., Bhattacharyya S., et al. Cardiac Tumors: JACC
CardioOncology State-of-the-Art Review // JACC CardioOncology.
2020. Vol. 2, N 2. P. 293-311. doi: 10.1016/].jaccao.2020.05.009

41. Mayr A, Miller S., Feuchtner G. The Spectrum of Caseous Mitral
Annulus Calcifications // JACC Case Rep. 2020. Vol. 3, N 1. P. 104—
108. doi: 10.1016/j.jaccas.2020.09.039

0b ABTOPAX

* ®unatoBa [lapbs AHgpeeBHa;

agpec: Poccus, 119991, r. Mocksa, JloMoHocoBCKMI Np-T,
4. 27, kopn. 10;

ORCID: 0000-0002-0894-1994;

eLibrary SPIN: 2665-5973;

e-mail: dariafilatova.msu@mail.ru

Mepwuna EneHa AnekcaHapoBHa, KaH. Mef. HayK;
ORCID: 0000-0002-1266-4926;

eLibrary SPIN: 6897-9641;

e-mail: elena_mershina@mail.ru

MnotHukoBa Mapus JleoHnaoBHa;

ORCID: 0000-0001-7533-9867;

eLibrary SPIN: 1857-0770;

e-mail: maria_plotnikova@inbox.ru

229


https://doi.org/10.17816/DD624754
https://doi.org/10.1093/ndt/13.8.2037
https://doi.org/10.1016/j.atherosclerosis.2009.10.030
https://doi.org/10.1097/00004424-200003000-00006
https://doi.org/10.1161/01.STR.0000190005.09442.ad
https://doi.org/10.1016/j.jacc.2011.01.034
https://doi.org/10.1093/europace/euu265
https://doi.org/10.1046/j.1540-8175.2003.03042.x
https://doi.org/10.1186/1476-7120-5-14
https://doi.org/10.1016/0002-9343(79)90452-2
https://doi.org/10.1016/0002-9149(83)90202-3
https://doi.org/10.1016/j.jelectrocard.2010.02.013
https://doi.org/10.1186/s12880-021-00725-x
https://doi.org/10.1016/j.jaccao.2020.05.009
https://doi.org/10.1016/j.jaccas.2020.09.039
https://orcid.org/0000-0002-0894-1994
https://www.elibrary.ru/author_profile.asp?spin=2665-5973
mailto:dariafilatova.msu@mail.ru
https://orcid.org/0000-0002-1266-4926
https://www.elibrary.ru/author_profile.asp?spin=6897-9641
mailto:elena_mershina@mail.ru
https://orcid.org/0000-0001-7533-9867
mailto:maria_plotnikova@inbox.ru
https://orcid.org/0000-0002-0894-1994
https://www.elibrary.ru/author_profile.asp?spin=2665-5973
mailto:dariafilatova.msu@mail.ru
https://orcid.org/0000-0002-1266-4926
https://www.elibrary.ru/author_profile.asp?spin=6897-9641
mailto:elena_mershina@mail.ru
https://orcid.org/0000-0001-7533-9867
mailto:maria_plotnikova@inbox.ru

230

ORIGINAL STUDY ARTICLES

Mariya V. Lisitskaya, MD, Cand. Sci. (Medicine);
ORCID: 0000-0002-8402-7643;

eLibrary SPIN: 2301-8480;

e-mail: lissenok@inbox.ru

Valentin E. Sinitsyn, MD, Dr. Sci. (Medicine), Professor;

ORCID: 0000-0002-5649-2193;
eLibrary SPIN: 8449-6590;
e-mail: vsini@mail.ru

DO https://doiorg/10.17816/BD624754

Vol. 5 (2) 2024 Digital Diagnostics

Jlucuukas Mapus BanepbeBHa, kaHf. Me[l. Hayk;

ORCID: 0000-0002-8402-7643;

eLibrary SPIN: 2301-8480;

e-mail: lissenok@inbox.ru

CuHuupbiH BanenTnH EBreHbeBuy, 4-p Mef. Hayk, npodeccop;
ORCID: 0000-0002-5649-2193;

eLibrary SPIN: 8449-6590;

e-mail: vsini®@mail.ru



https://doi.org/10.17816/DD624754
https://orcid.org/0000-0002-8402-7643
https://www.elibrary.ru/author_profile.asp?spin=2301-8480
mailto:lissenok@inbox.ru
https://orcid.org/0000-0002-5649-2193
https://www.elibrary.ru/author_profile.asp?spin=8449-6590
mailto:vsini@mail.ru
https://orcid.org/0000-0002-8402-7643
https://www.elibrary.ru/author_profile.asp?spin=2301-8480
mailto:lissenok@inbox.ru
https://orcid.org/0000-0002-5649-2193
https://www.elibrary.ru/author_profile.asp?spin=8449-6590
mailto:vsini@mail.ru

ORIGINAL STUDY ARTICLES Vol. 5 (2) 2024 Digital Diagnostics -
1

DOI: https://doi.org/10.17816/DD624586

Role of Teleradiology in the Interpretation
of Ultrasound Images Acquired in the Emergency
Setting

Arjun Kalyanpur', Neetika Mathur?
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Z Image Core Lab, Bangalore, India

ABSTRACT

BACKGROUND: Teleradiology has become an important tool in emergency medicine, particularly in the interpretation of
emergency ultrasonography. In emergency situations, where time is essential, rapid diagnosis and treatment can mean the
difference between life and death. Teleradiology is an innovative alternative to augment the staffing and fill the gaps of onsite
radiology personnel in emergency departments or during off-hours.

AIM: To assess the effectiveness/impact of teleradiology in emergency ultrasound interpretation.

MATERIALS AND METHODS: A retrospective study was performed in a cohort of 33,616 patients from 86 hospitals across
the USA between January and December 2022. The study involved radiological interpretations of 37,253 ultrasound images
acquired in the emergency setting by American Board Certified Radiologists empaneled by a teleradiology service provider,
headquartered in Bangalore, India.

RESULTS: The proposed telehealth model provided timely and quality reporting of 37,253 scans of patients with a mean
turnaround time of 35.71 min (95% confidence interval 35.50-35.91).

CONCLUSION: This study demonstrates that a structured telesonography program with defined protocols for image capture,
transmission, and clinical communication can allow for successful immediate reporting of ultrasound data in the emergency
care setting.

Keywords: teleradiology; emergency; ultrasound; turnaround time; healthcare.
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Ponb Tenepaauonorum B MHTEpnpeTaumm
U306pa)KeHUH, NONy4YeHHbIX NpU NPOBEeAECHUU
YyNIbTPa3BYKOBOro UcC/e0BaHUA B YCINOBUAX
HeOTJIO)KHOM MeAMULUHCKOM NOMOLLU

A. Kalyanpur', N. Mathur?

! Teleradiology Solutions, Bauranop, Vnans;
2 Image Core Lab, banranop, MHaus

AHHOTALIMA

O6ocHoBaHMe. Tenepagvonoruss — BaMHbIi MHCTPYMEHT B YCNOBMSAX HEOTOMHOA MEAMLMHCKOA NOMOLLM, 0CODEHHO
Npu MHTEpMpeTaLMu M300paXKeHW, NoNyyYeHHbIX B XOAe NPOBEAEHWUS YNbTPa3BYKOBbIX MCCnefoBaHMid. B upe3BblyaiiHbix
CUTyaumsX, KOrfa BpeMsi UMeeT pelualollee 3HauyeHue, CBOEBPEMEHHas OAMarHOCTUKa U JieyeHue MOryT CTaTb peLuaioLvM
(aKTOpOM B CMAceHMM KM3HU NaUMEHTOB. Tenepagmonorus — MHHOBALMOHHAs anbTepHaTVBa, NO3BONAIOLLASA paclLMpUTh
KaZipoBblii COCTaB W YCTPaHUTb HEXBATKY PaAMosIoroB, paboTalolux B 0TAENEHUSX HEOT/IONHOW MOMOLLM B LUTAaTHOM PeXUMe
WNM B CBEPXYPOYHOE BPEMS.

Lienb — oueHUTb 3QPEKTUBHOCTb M BAMAHWE TENEPaAMONIOrUM Ha MHTEPNPETALMI0 N300paXeHMiA, MoNYYeHHbIX B XO4E Npo-
BEJ,EHUA YNbTPa3BYKOBbLIX UCCNEA0BaAHMIA, B YCIOBUSAX HEOTIIOXHON MEAULMHCKON MOMOLLM.

Matepuanbl U MeToppl. lpoBefieHO peTPOCMEKTMBHOE WUCCefoBaHMe, B KOTOPOM NpuHAM yyactue 33 616 nauueHToB
13 86 bonbhuy, CLUA, obpaluaBLumMxcs 3a MeAULMHCKOM NOMOLLbIO B Nepuog, ¢ sHeaps no Aekabpb 2022 ropa. Ceptudmumpo-
BaHHble creumanucTbl AMepUKaHCKoro paguenoruyeckoro oblectBa — oguumManbHoro NpoBanaepa Tenepaguonormieckux
ycnyr co wrab-keapTupoit B baHranope (MHAUA) — BLINOAHWAM paaMonoruyeckyto oLeHKy 37 253 nsobpakeHui, NonyyeH-
HbIX NpY NPOBEAEHWM YNbTPA3BYKOBOr0 UCCEA0BaHUS B YCIOBUAX HEOTOXHON MeAMLIMHCKONA NOMOLLM.

Pesynbtartbl. [peanoxeHHas Moaenb TenemMeaUUMHCKON NOMOLLM obecrneymna CBOEBPEMEHHYH U KaYeCTBEHHYI0 MHTepnpe-
Taumio 37 253 CHUMKOB YNbTPa3BYKOBOrO WCCNE0BaHNA MALMEHTOB CO CPeAHUM BpeMeHeM BbinosHeHMsa 35,71 MuH (95%
A0BepuTenbHbIN MHTepean 35,50-35,91).

3aksiouenme. [laHHoe uccnefoBaHWe JEMOHCTPUPYET, YTO CTPYKTYpUPOBaHHas Nporpamma AUCTaHUMOHHOMO YbTpasByKo-
BOT0 UCCNIE,0BaHUA C YCTAHOBNEHHBIMU NPOTOKO/IAMM MOYYeHUS U30DpaXKeHni, UX nepesayn v nocneaytoLei KOMMyHUKa-
LMW MEXOY YYaCTHUKaMM npoLiecca No3BOJISET ONepaTUBHO 0OMEHMBATLCS AaHHBIMU B YCIIOBUAX HEOTIOMHON MeAWLIMHCKOM
MoMOLLM.

KnioueBble cnosa: Tenepagunonorua; HeoT/I0XXHaAa MeAUMUMHCKaa NOMOLLb; Y/bTPa3BYKOBOEe WcCCiiefo0BaHWe; BpeMA
nonyyeHnA pe3ynbraToB; 34paBoO0XpaHeHKe.
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BACKGROUND

Teleradiology epitomizes healthcare innovation and
efficient healthcare delivery and represents a success
story within the wider field of telemedicine [1]. This rapidly
expanding field involves the transmission of radiological
images from one location to another for interpretation by
a radiologist [2]. It is an indispensable tool in emergency
medicine, significantly improving patient care. Prompt
interpretation and reporting of radiologic examinations
by a teleradiologist in the evaluation of specific emergent
complaints render it a significant part of the emergency
medicine diagnostic paradigm [3].

Emergency cases within emergency departments (EDs)
have notably increased over the past couple years, which
was strongly associated with population growth and further
heightened during the COVID pandemic [4]. EDs are also
vulnerable to crowding during catastrophic disasters, such
as earthquakes, tsunamis, cyclones, and urban flooding
[5]. According to the National Hospital Ambulatory Medical
Care Survey: 2020, the total number of visits to EDs of the
hospitals in the US was 131.3 million [6], which is a matter
of concern. In India, the NITI Aayog (2021) reported that 16%
of all patients presenting to a health facility have emergency
and injury cases, accounting for 19%-36% of admissions in
district hospitals annually [5]. In addition, a report released
by the Department of Emergency Medicine, AIIMS, on
Emergency and Injury Care at Secondary and Tertiary level
centers in India revealed that the number of beds available
at EDs to cater to emergency cases, represents only 3%-5%
of the total beds available in the country [7]. With a yearly
rise in the number of people who visit EDs, nearly half of
all EDs operate at or exceeding their capacity. This trend
is very concerning and must be addressed [8]. Moreover,
there is a shortage of physicians, particularly radiologists,
i.e., approximately 22,000 radiologists for a large population
of over 1.2 billion, resulting in a skewed ratio of 1:100,000
[9]. Considering the severity of trauma, stroke, and other
critical illness of patients presenting to the EDs, diagnostic
and treatment delays can lead to serious consequences
for patients. Thus, timely and accurate interpretation of
patients’ imaging is pivotal. However, the availability of
in-house trained radiologists is limited in EDs, particularly
after working hours or on holidays. The challenge is to work
toward efficiency and quality despite the rising workload
and the shortage of medical personnel [10]. Under such
circumstances, teleradiology is an obvious alternative to
augment, assist, and fill in the gaps of the onsite radiology
personnel in meeting the rising demand for imaging in
trauma and acute illnesses in an emergency setting with a
limited radiology workforce [8].

Emergency ultrasonography (USG) is a diagnostic
imaging technique that utilizes high-frequency sound waves
to create images of internal organs and structures [12]. It
is a fast and noninvasive method of evaluating various
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clinical conditions, including trauma, abdominal and pelvic
pain, appendicitis, cholecystitis, acute kidney dysfunction,
abscess, complications of pregnancy, complications of organ
transplantation [13]. Doppler USG is a real-time imaging
technology that plays a pivotal role in emergency radiology
for quick evaluation of vascular conditions and blood flow. It
allows the identification of potentially fatal conditions such
as deep vein thrombosis, arterial blockage, and insufficient
organ perfusion. Diagnosing vascular damage in trauma
cases facilitates timely performance of surgical intervention
[14].

The major benefit of teleradiology in emergency
sonography is not only the ability to provide timely diagnosis
and treatment but also to offer adequate after-hour and
specialist coverage including support for onsite ultrasound
technologists/sonographers. Teleradiology in emergency
USG can also lead to cost reductions for hospitals and
patients [15]. Several studies have documented the benefits
of teleradiology for patients [1, 11, 16, 17], and the present
study aimed to evaluate the benefits of teleradiology in
emergency ultrasound interpretation.

The advent of digital imaging technologies, picture
archiving and communication systems (PACS), radiology
information systems (RIS), high-speed Internet connections,
and artificial intelligence have further improved the value
proposition of teleradiology in providing timely radiological
services under emergency settings, even to remote and
underserved areas [11, 18, 19]. Moreover, stringent
service-level agreements between the hospital and the
teleradiology service guarantee a very short reporting
turnaround time (TAT), which is advantageous to the patient
and the attending emergency physician. The standard for
clinical service in emergency care has thus been enhanced
thanks to teleradiology [1, 20].

AIM STUDY

This retrospective study aimed to evaluate the role of
teleradiology in USG performed on a cohort of patients in the
emergency setting.

MATERIALS AND METHODS
Study Design

A retrospective study enrolled a cohort of 33,616 patients
from 86 hospitals across the USA between January and
December 2022. The study involved analysis of radiological
ultrasonogram interpretations performed in the emergency
setting by American Board Certified Radiologists empanelled
by a teleradiology service provider, headquartered in
Bangalore, India. DICOM static images and cine-series of the
ultrasound images of the patients were uploaded onto the
telereporting workflow platform “RADspa,” a cloud-based
RIS/PACS system over a high-speed Internet connection.
In addition to uploading the images, the technologists at
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the hospitals also provided observations in a worksheet
submitted along with the images. The worksheet was
typically a combination of an annotated graphic image with
measurements and free text comments. The images (static
images and cine-series) and worksheets were reviewed
by the radiologists, and the reports were transmitted back
to the hospitals over the same workflow platform, as well
as conveyed verbally/telephonically in cases with critical
findings. Other information, such as prior images and reports,
patient clinical and surgical history records, are also uploaded
to the RIS so that they are available to the radiologists along
with the images.

A distribution of studies for different procedures
performed in the emergency setting was analyzed. The
mean reporting TAT from the time when the DICOM images of
emergency ultrasound studies were received in the worklist
up until the reports were uploaded in RADspa or verbally
communicated to the referring physician was calculated.

Eligibility Criteria
The study included patients who had registered in the EDs
of the hospitals and undergone USG.

Study Duration

The study enrolled a cohort of 33,616 patients from
86 hospitals across the USA between January and December
2022.

Ethical Review

This retrospective study was approved by the institutional
review board.

RESULTS
Study Subjects

A total of 37,253 ultrasound scans of 33,616 patients
from 86 hospitals across the US were evaluated.

Primary Findings

The hospitals were categorized based on the bed count
and number of images received (Table 1).

Among all hospitals under study, 28 had in-house
technologists to perform ultrasound scans for the patients,

Table 1. Distribution of hospitals according to bed count and imaging

Vol.5 (2) 2024
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out of which 4 had on-call technologists on weekends. In
addition, 51 hospitals had on-call technologists, whereas in
one hospital, radiology residents reported ultrasound cases.
In six hospitals, technologists do not perform ultrasound
scans after 11 pm.

In a teleradiology practice, technologists communicate in
three ways and provide brief descriptions of the cases to the
teleradiologists. Technologists create worksheets with case
observations and upload these in the RADspa either as pdf or
jpeg file, may convert them into DICOM, or may write down
their comments or notes directly into the textbox provided in
RADspa. In this study, out of 37,253 ultrasound scans, the
technologists had provided notes for 27,138 (72.84%) cases,
and for the remaining cases, worksheets were attached.

Demographic information, such as the sex and age of
the patients, was also loaded into the cloud-based server.
Out of 33,616 patients in this study, 70.56% were women
and 29.44% were men. The mean age of the patients was
40.95 (95% confidence interval, 40.73-41.17) years. The
group aged 21-40 years accounted for the maximum number
of patients (Fig. 1).

To help in making diagnosis and treatment decisions,
ultrasound scans of different body parts were performed
(Table 2). Among the ultrasound procedures performed, lower
and upper extremity USG comprised 26.28% (n=9,792);
abdomen, 18.62% (n = 6,937); obstetrics, 17.41% (n = 6,488),
and pelvis, 15.62% (n = 5,820). Out of 33616 patients,
9496 had followed up with computed tomography.

Teleradiology services were provided to the patients
under different clinical situations. Patient clinical texts
were categorized based on the presenting symptoms, and
a systems-based approach was employed (Fig. 2). The
majority of the presenting symptoms were categorized as
reproductive (35%), gastrointestinal (31%), cardiovascular
(9%), and musculoskeletal (6%). Other categories, shown
in Fig. 2, make up smaller proportions of the presenting
symptoms of the overall study cohort.

Cine-series of 4,025 patients were also uploaded into
the cloud server for interpretation by teleradiologists. Out
of 4,025 cine-series, 1,731 (43%), 1,048 (26.03%), and
655 (16.27%) were performed for issues related to the
reproductive, gastrointestinal, and cardiovascular systems,
respectively (Fig. 3).

Hospital bed count

Number of hospitals Number of cases

Small hospitals (<100 beds)
Medium-size hospitals (100-499 beds)
Large hospitals (=500 beds)

Imaging centers

Total

22 1,621
54 29,692
7 981
3 4,959
86 37,253
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Fig. 1. Age group categorization of the patients.

In this study, 1,262 patients had undergone Doppler, of
which 569 patients who had clinical history of scrotal or
testicular pain, swelling, torsion and hydrocele underwent
scrotal Doppler. Further, 497 patients having cysts, suspected

Table 2. Distribution of studies for different procedures

Vol. 5 (2) 2024 Digital Diagnostics

||F

6,000 8,000

Number of studies

10,000 12,000 14,000

ovarian torsion, pelvic pain, cramps, vaginal bleeding during
pregnancy, post-menopausal bleeding, and lower abdominal
pain had undergone pelvic Doppler. In addition, 152 patients
with numbness, vertigo, slurred speech, syncope, CVA,

Procedures

Number of cases

Venous Doppler (lower/upper extremity)

Abdomen

Obstetrics biophysical profile

Pelvis (non-pregnant female)/transvaginal /endovaginal

Gallbladder/right upper quadrant/appendix/liver/right lower quadrant

Scrotal/testicular/scrotum Doppler

Renal/retroperitoneal
Breast

Carotid Doppler

Neck

Soft Tissue
Intussusception
Carotid Duplex

Groin

Chest

Urinary bladder
Extracranial arteries, both
Fistula graft

Head

Thyroid

Kidney transplantation

Other procedures

9,792
6,937
6,488
5,820
3,965
1,977
1,393
184
152
115
79
69
60
35
29
24
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Fig. 2. Distribution of cases based on clinical presentation and symptoms using a systems-based approach.

transient ischemic stroke and stenosis underwent carotid
Doppler. Twenty-eight patients with abnormal gallbladder,
liver or spleen, hepatic encephalopathy, liver failure,
cirrhosis, hepatic vein thrombosis, and liver transplantation
underwent liver Doppler, and 16 cases with renal failure
underwent renal Doppler (Fig. 4).

The mean reporting TAT for all emergency ultrasound
studies was 35.71 min (95% CI, 35.50-35.91).

Additional Findings

All ultrasound scans were peer-reviewed under a quality
assurance program to assess diagnostic accuracy and clinical
performance. Out of 37,253 ultrasound scans, 99.9% of the

Urinary

Respiratory

Reproductive
Musculoskeletal
Gastrointestinal
Endocrine

Cardiovascular

0 500

studies showed accurate and concurrent interpretations,
and 39 (0.1%) studies showed discrepancies. Among these
39 cases, 24 had nonclinically significant discrepancies,
whereas 15 were clinically significant ones.

DISCUSSION

Emergency care is the provision of immediate
interventions required to prevent death and disability,
wherein delays over hours may worsen prognoses or
reduce the efficacy of care [21]. With the development of
emergency radiology as a distinct radiology specialty, a
unique set of expertise is essential to diagnose patients

1,000

Number of cases

1,500 2,000

Fig. 3. Distribution of cases with cine-series using a systems-based approach.
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duplex / color
Doppler

Fig. 4. Distribution of cases for Doppler ultrasound.

with critical illnesses or trauma promptly and accurately
[11]. Teleradiology is an innovative solution that enables
quick interpretation of imaging and accurate diagnosis
of patients with critical injuries or illnesses requiring
immediate resuscitation, intensive care, or emergent
surgery, allowing emergency physicians to make informed
decisions about patient care and treatment plans. Further,
the proposed emergency teleradiology model, where
night-to-day teleradiology services are leveraged, i.e.,
emergency scans performed at night in the USA can be
reported from India during the day by appropriately certified
radiologists, and vice versa, could be a front-line driver in
healthcare. At present, emergency radiology subspecialty
training or dedicated emergency radiology positions are
not available. Several emergency radiology and medicine
societies, namely, the Society of Emergency Radiology,
European Society of Emergency Radiology, American
Society of Emergency Radiology, Society for Emergency
Medicine India, and Indian Society for Trauma and Acute
Care have been founded to promote the exchange of best
practices in the area and enable integration of clinical care
and imaging [22].

This retrospective study involves the evaluation and
interpretation of imaging of emergency cases transmitted
from 86 hospitals across the USA. According to the
information obtained from the Annual Survey of Hospitals,
the total staffed beds in all US hospitals is 919,649 [23].
The hospitals are broadly categorized based on the bed
count as small (<100 beds), medium (100-499 beds), and
large (=500 beds) hospitals. In this study, the hospitals
were categorized based on the bed count and number of
imaging studies received (Table 1). The majority of the
studies (79.7%) were transmitted by 54 medium hospitals,
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and 13% were transmitted by three imaging centers. This
study demonstrates that hospitals of any size may benefit
from telesonography.

Telesonography may be effectively practiced in either
model (in-house or on-call technologist). Out of 86 hospitals,
28 had in-house technologists who helped in establishing
better communication of results compared with hospitals
having on-call technologists.

Of all ultrasound scans, 17,333 (35%) were from
patients presenting reproductive-related issues, followed
by 15,653 (31%) with gastrointestinal/biliary issues,
4,295 (9%) with vascular problems, and 2,952 (6%) with
musculoskeletal-related issues that required immediate
medical attention. Other smaller categories included
1,531 studies of skin-related cases, 1,398 of urinary
system-related problems, 365 of neurologic issues, and 280 of
respiratory-related problems (Fig. 2). Thus, teleradiology in
USG covers the entire gamut of organ systems and clinical
presentations to address emergent clinical needs.

The mean TAT is the interval from when the DICOM
images of emergency ultrasound studies were received
in the worklist to the time the reports were uploaded
in RADspa or verbally communicated to the referring
physician/results were sent to hospitals. The mean
reporting TAT for all emergency ultrasound studies was
35.71 min (95% Cl, 35.50-35.91). Szabo et al. reported a
mean TAT of 58.27 min for USG within the ED of a hospital
system with in-house radiologists. In the present study,
the mean TAT using teleradiology is quite reasonable and
satisfactory compared with the mean TAT for USG by other
published studies with onsite radiologists, thus displaying
the effect of teleradiology on patient care in the emergency
setting [24].



https://doi.org/10.17816/DD624586

ORIGINAL STUDY ARTICLES

In addition, this study demonstrates that static images
of standard views accompanied by the sonographer's
worksheets are adequate for the interpretation of ultrasound
studies via telesonography in most cases. Additional cine
sequences can be used in complex cases to provide additional
details.

With reference to the communication of findings, in
critical cases requiring immediate patient management,
referring physicians were informed either by direct telephonic
communication with the radiologist or the call center team of
the teleradiology service provider [25]. In this study, a total
of 752 calls were made to communicate with the hospitals.
Out of these calls, 49 direct calls were made between the
radiologist and the referring physician, and 70 calls were
made by the support staff to relate positive findings and
47 calls to communicate negative findings. In addition,
619 calls were performed for the verbal communication of
important findings to physician assistants at hospitals who
ensured further actions.

A peer review plays an indispensable role in a radiology
interpretation QA program. A QA program is the most
common method for assessing diagnostic accuracy and
clinical performance. In this study, a very high accuracy
(99.9%) was observed during the peer review. Only 39 (0.1%)
studies showed discrepancies. Among these 39 cases,
24 were nonclinically significant discrepancies, whereas
15 were clinically significant ones. In a study by lyer et al.
(2013), 85.9% of the cases had concurrent interpretations.
Some discrepancies analyzed during peer review were
under-reading, faulty reasoning, failure to provide
appropriate differential diagnosis, overcall, typographical
error, failure to consult before imaging studies, and failure
to suggest further imaging or follow-up.
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CONCLUSION

Teleradiology has become an important tool in emergency
medicine where time is essential, and rapid diagnosis and
treatment can mean the difference between life and death.
Many EDs do not have a radiologist on site to interpret
ultrasound images, which can lead to diagnostic and
treatment delays. Under such circumstances, the deployment
of teleradiology services can be a game changer owing to
its ability to provide quick and accurate diagnoses, further
leading to the expedient and safer disposition of patients.
This study demonstrates that a structured telesonography
program with defined protocols for image capture,
transmission, and clinical communication can allow for the
successful immediate reporting of ultrasound examinations
in the emergency care setting. The findings of the proposed
telehealth model seek to provide a platform for constructing
a similar telesonography model in developing countries.
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on Frontal Spinal Radiographs:
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ABSTRACT

BACKGROUND: Scoliosis is one of the most common spinal deformations that are usually diagnosed on frontal radiographs
using Cobb’s method. Automatic measurement methods based on artificial intelligence can overcome many drawbacks of the
usual method and can significantly save radiologist’s time.

AIM: To analyze the accuracy, advantages, and disadvantages of a newly developed artificial intelligence program for the
automatic diagnosis of scoliosis and measurement of Cobb'’s angle on frontal radiographs.

MATERIALS AND METHODS: In total, 114 digital radiographs were used to test the agreement of Cobb's angle measurements
between the new automatic method and the radiologist using the Bland—Altman method on Microsoft Excel. A limited clinical
accuracy test was also conducted using 120 radiographs. The accuracy of the system in defining the scoliosis grade was
evaluated by sensitivity, specificity, accuracy, and area under the receiver operating characteristic curve.

RESULTS: The agreement of Cobb's angle measurement between the system and the radiologist's calculation was found
mostly in grade 1 and 2 scoliosis. Only 2.8% of the results showed a clinically significant angle variability of >5°. The diagnostic
accuracy metrics of the limited clinical trial in City Mariinsky Hospital (Saint Petersburg, Russia) also proved the reliability of the
system, with a sensitivity of 0.97, specificity of 0.88, accuracy (general validity) of 0.93, and area under the receiver operating
characteristic curve of 0.93.

CONCLUSION: QOverall, the artificial intelligence program can automatically and accurately define the scoliosis grade and
measure the angles of spinal curvatures on frontal radiographs.

Keywords: scoliosis; artificial intelligence; spine.
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HoBasa uHTennekryanbHas cuctema

ANA aBTOMAaTMYeCKOM AMArHOCTMKM CKOJIMO3a

no ¢poHTaNbHLIM peHTreHorpaMMaM No3BOHOYHMKA:
TOYHOCTb, NPEUMYLLECTBA U OrpaHUYEHUS
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AHHOTALIMA

06ocHoBaHMe. CKoNMO3 — 0fiHA U3 CaMblX PacnpOCTPaHEHHbIX AedopMaLmii NO3BOHOYHMKE, KOTOPYHO 00bIYHO AMarHoCTUpY-
10T C NOMOLLbI0 BPOHTaNbHbLIX cnoHaunorpaMM no Metoay Kobba. ABToMaTuyeckue MeToabl U3MepEHUS, OCHOBaHHbIE Ha UC-
KYCCTBEHHOM WHTEJ/IEKTe, KOMMEHCUPYIOT MHOTME HEeAO0CTaTKW CTaHAApPTHbIX METOAOB U MOMYT 3HAUUTENbHO CIKOHOMUTb
BpEMS Bpaya-peHTreHonora.

Llenb — npoaHanuaupoBaTb TOYHOCTb, MPEMMYLLECTBA W HELOCTaTKM HOBOW MPOTpaMMbl WCKYCCTBEHHOTO WHTENEKTa
Npy1 aBTOMAaTUYECKOM OMpefieSieH N CTEMEHN CKONMo3a U u3MepeHun yrna Kobba Ha GpoHTanbHbIX peHTreHorpaMMax.
Matepuanbl U Metoabl. Becero uccnenoBaHo 114 peHTreHorpamMm Ha npeaMeT cooTBeTcTBusA M3MepeHui yrna Kobba, Bbi-
MOJHAEMbIX aBTOMATUYECKM NPOrpaMMON UCKYCCTBEHHOrO MHTENIEKTA U PEHTIEHO/IONOM C UCMONIb30BaHWeM MeTofa bnek-
pa—AnbTMaHa B nporpamme Microsoft Excel. KpoMme Toro, 6binn npoBefeHbl KIMHUYECKUE UCTIbITaHUE TOYHOCTU CUCTEMBI
C WUCMOMb30BaHMEM OTpaHuyueHHbIX AaHHbIX (120 peHTreHorpamm). TOYHOCTb CUCTEMBI B OMPEAENIEHUN CTEMEHN BbIpaXKeH-
HOCTU CKOJIN03a OLIEHMBaNM MO MOKa3aTensM YyBCTBUTENBHOCTM, CNeLMdUYHOCTH, TOUHOCTW U nnowaau nog, ROC-KpuBoii.
Pe3synbTathl. bonblue cornacoBaHHocTM B M3MepeHusx yrna Kob6a, BbIuMCAeMbIX MPOrpamMMoi UCKYCCTBEHHOO UHTESIEKTA
W PEHTTEHOMOrOM, HalMAeHo B rpynnax ckonumo3a | u Il crenenu. Tonbko B 2,8% cnydyaes Habnofanack KIMHUYECKM 3HaUMMas
pasHuua B u3mepeHum yrioe Kobba (BapuabenbHocTb >5°). [oKasaTenu AUarHOCTUYECKOM TOYHOCTH, MOJyYEHHbIE B X04e
OrpaHWYEHHOr0 KITMHUYECKOro UCCIef0BaHNA B ropoackon MapuuHckoii 6onbHuue (CaHKT-eTepbypr), TakxKe noLTBEpAUIH
HafEXHOCTb CUCTEMBI: YyBCTBUTENbHOCTL cocTaBmna 0,97, cneundmyHocts — 0,88, TouHocTb (06wwas BanuaHocts) — 0,93,
a nnowaap nog ROC-kpuson — 0,93.

3aksioueHme. B Lenom, nporpaMMa UCKYCCTBEHHOMO MHTEN/IEKTA MOXET aBTOMAaTUYECKU TOUHO ONpefensTh CTENEHb Bbipa-
JKEHHOCTW CKOMMO3a, a TaKXKE U3MEPATb Yriibl UCKPUBNEHWS NO3BOHOYHMKA Ha QPOHTANbHBIX CMOHAMOrPaMMaX.
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INTRODUCTION

Scoliosis is a common spinal pathology that can affect any
age group. It is usually defined as a lateral spinal curvature
in the coronal plane with an angle of >10° and torsion of
the vertebral bodies and their posterior elements. Scoliosis
is mainly diagnosed based on frontal radiographs. Cobb's
method is considered the gold standard method to measure
the scoliosis angle [1-8]. In recent years, many researchers
have actively explored the use of artificial intelligence (Al)
for evaluating scoliosis on different imaging modalities
to objectify scoliosis evaluation and decrease intra- and
interobserver measurement variability of Cobb’s method
[9-14].

In this study, a new program based on machine learning
was developed. In the first stage of system development, an
artificial neural network was trained so that it can identify
vertebral bodies automatically. Accordingly, 1,000 images
were selected from the database (XrScl) [15]. Vertebral
bodies in each image were marked by identifying their
boreder susing four reference points, and all thoracic and
lumbar vertebrae found on each image were numbered.
After the training, the network could independently define
the vertebral bodies and their numbers. In the second stage,
Cobb’s angle was measured automatically, and scoliosis
grade was determined automatically by the algorithm. Three
methods can be used to measure Cobb’s angle using the
automatic system: (1) the classical Cobb’s method, where
the scoliosis angle is measured between the upper and
lower endplates of the upper and lower end vertebrae (EV),
respectively; (2) the method which is used in practice by
radiologists (at Mariinsky City Hospital), where the scoliosis
angle is constructed between the maximally inclined upper
or lower endplates of the EV, and (3) the method of middle
lines, in which the scoliosis angle is constructed between the
lines drawn along the midpart of the vertebral bodies of the
EV. The accuracy of the new automatic system was tested in
measuring Cobb’s angle and in defining the scoliosis grade.

STUDY AIM

To analyze the accuracy, advantages, and disadvantages
of a newly developed Al program for automatic diagnosis of
scoliosis and measurement of Cobb’s angle on frontal spinal
radiographs.

MATERIALS AND METHOD
Study Design

This is a diagnostic accuracy study.

Study Description and Statistical Analysis

To assess the reliability of the program in measuring
Cobb’s angle, 114 digital spinal radiographs and chest X-ray
(CXR) images, were selected from the database XrScl (test
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set 1) [15]. This database includes >2,500 radiographs; thus,
we could use different sets of images for the training and
evaluation of the system. The agreement of Cobb's angles
measured by the new automatic program and the radiologist
was tested using the Blant-Altman method on Microsoft
Excel. The mean difference between the two methods (*hias”)
and 95% limits of agreement (2 standard deviations [SD]) was
calculated. Only the angles that were obtained by both the
radiologist and the Al system were compared.

To test the possibility of using the new system in medical
practice, a limited clinical test was conducted in Mariinsky
City Hospital. For this study, 120 radiographs were collected
from the archive of Mariinsky City Hospital and G.A. Albrecht
Federal State Budgetary Research Center (test set 2). The
reliability of the system in defining the scoliosis grade was
tested by calculating sensitivity as TP/(TP + FN), specificity
as TN/(TN + FP), accuracy as (TP + TN)/(TP + TN + FP + FN),
and area under the receiver operating characteristic curve
(ROC AUC), where TP, TN, FP, and FN indicated true positive,
true negative, false positive, and false negative, respectively.

The radiographs in data sets 1 and 2 were evaluated by
two radiologists, one with more than 25 years of experience
and the other of more than 9 year-experience.

RESULTS
Study Subjects

In test set 1, the radiographs were distributed into
four severity groups (according to Russian Federation Law
No. 565 [16]) as follows: grade I (5°-10°, 16%); grade Il
(11°-25°, 15%); grade IIl (26°-50°, 16%), and grade IV
(>50°, 16%). A normal group (grade 0) was added to this
classification (<5°, 37%). Moreover, 179 angles which
ranged from 5.1° to 91.3°were found by both the radiologist
and the system.

For the limited clinical test of the system, test set 2
was divided into normal or pathologic (with scoliosis) in
equal groups (60 radiographs for each). The images with
scoliosis were evenly distributed into four grades from 1 to
4 (15 studies for each grade).

Primary Findings

The agreement of Cobb’s angle measurements between
the system and the radiologist was found mostly in grade
1 and 2 scoliosis, with an average measurement difference
of -0.10 and 0.46 and SDs of 1.29 and 1.73, respectively.
Angles measured by the two methods differed by <4.5° in
95% of cases in all scoliosis grades, except for the group
with grade 3 scoliosis, where the 95% of the variability (limits
of agreement) ranged from -6.60° to 7.85°. The largest SD
(3.69°) was found also in this group. The results of statistical
data analysis for each scoliosis grade are presented in Fig. 1
and 2 (Bland-Altman plots) and Table 1. Only 2.8% of the
results were clinically unsatisfying with an angle variability
of >5°.
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Fig. 1. Results of the Bland—Altman method. Agreement between measurements of the two methods in radiographs with grade 1 and 2

scoliosis.

The diagnostic accuracy metrics of the limited clinical test
in Mariinsky City Hospital using (test set 2) also proved the
reliability of the system in defining the scoliosis grade, with
a sensitivity of 0.97, specificity of 0.88, accuracy (general
validity) of 0.93, and ROC AUC of 0.93 (Fig. 3). For each study,
the average analysis time of the image by the newly proposed
system was 5 s. These results confirm the effectiveness of the
system in determining the scoliosis grade.

DISCUSSION

Summary of Primary Findings

The bulk of this work was performed in a hospital
where adolescents are screened for scoliosis, as part

of multiple examinations for medical commissions, to
determine whether adolescents match the criteria for
army enlistment. Thus, radiographs in test set 1 and test
set 2 were divided according to the severity classification
included in Federal Law No. 565, where any small curves
with angles <10° are considered grade 1 scoliosis [16]. The
new automatic system for evaluating scoliosis on digital
radiographs can help radiologists to define the scoliosis
grade and measure the curve's angle, particularly in
situations such as screening for scoliosis and at times of
heavy workload in outpatient clinics. In these situations,
radiologists can use the program as an objective tool,
increasing the accuracy of scoliosis evaluation on frontal
radiographs because the interobserver variability can

Table 1. Statistical parameters for evaluating the agreement between the two methods

Parameter Grade 1 Grade 2 Grade 3 Grade 4
Mean difference -0.10 0.46 0.62 0.00
Standard deviation 1.29 173 3.69 2.32
Upper limit of agreement 2.43 3.84 7.85 456
Lower limit of agreement -2.63 -2.93 -6.60 -4.55
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Fig. 2. Results of the Bland—Altman method. Agreement between measurements of the two methods in radiographs with grade 4 scoliosis.

be avoided if radiologists use the same instrument. acceptable, with no significant clinical variability in most
Moreover, it can significantly save the radiologist’s time.  of the evaluated curves. Fig. 4 shows an example of how
In addition, Cobb’s angles measured by the system were  the system works.
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Fig. 3. ROC curve confirms the accuracy of the new Al program in defining the scoliosis grade.
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Fig. 4. X-ray image showing grade 2 scoliosis. Analysis by the system (left) and by the radiologist (right). The radiologist did not measure the

thoracolumbar curve as the lower EV is not shown in the image.

Discussion of Primary Findings

The proposed program provides multiple options for the
radiologist to measure Cobb'’s angle in three different methods.
These options can help radiologists, particularly if he/she does
not use the standard Cobb’s angle measurement method
(such as that used in Mariinsky City Hospital when screening
for scoliosis). The step of choosing the most tilted endplate is
time consuming and can cause interobserver measurement
variability. Therefore, the ability to objectively and automatically
define the most tilted endplates, which form the largest angle
in one curve, would be beneficial for the radiologist.

In addition, when using the program, the radiologist
can change vertebral markings made by the system

Fig. 5. Errors in vertebral markings on radiographs with grade 0 (normal). In CXR images, poor definition of the vertebral borders may

lead to false measurements.

DOl https://doiorg/10.17816/DD630093

automatically. This is very essential to overcome any errors in
vertebral markings that can cause a false final result. Further
analysis of the results showed that the inaccurate marking of
vertebral bodies and their borders predominantly led to less
accurate results of angle measurement and scoliosis grade
definition. This was mainly seen when evaluating scoliosis
in poor-quality images and CXR images. The borders of the
midthoracic vertebrae in CXR images usually are not seen
posterior to the mediastinum. Multiple normal CXR images
(grade 0, defined by the radiologist) were recognized by the
system as grade 1 scoliosis because of detecting an FP curve
(proximal or midthoracic curve) (Fig. 5). Other common error
was also seen in marking the borders of L5 vertebral body
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Fig. 6. Errors in vertebral markings on radiographs with grade 0 (normal). Errors in defining the L5 vertebral body may lead to false

positive curve detection (left).

(Fig. 6). The adjacent bony structures (adjacent sacrum and
iliac bones) limit the definition of L5 borders, particularly its
lower endplate.

Regarding errors in evaluating images with group 0
scoliosis, most of the measurements by the Al system

resulted in angles with >5° but very close to it. However,
such minimal variability in measurements between the
system and the radiologist led to a change in the grade from
0 to 1 (Fig. 7). The majority of such angles (70%) were found
in the range of 5°-6°, as shown in the pie chart (Fig. 8).

Fig. 7. Errors of the system in evaluating images with grade 0 scoliosis. Cobb’s angles measured by the radiologist (left) and the Al system
(right). Measurement variability is not significant (1.4°); however, the scoliosis grade is 0 by the doctor and 1 by the system.

DAl https://doi.org/10.17816/DD630093
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Fig. 8. Distribution of angles measured by the Al system on normal
X-ray images; 70% of the 5°—6° range.

In addition, in most cases, the system accurately evaluated
radiographs with severe scoliosis (grades Ill and IV), although
errors in vertebral detection and numbering or errors in
measuring Cobb’s angle sometimes were noted. Grade IV
scoliosis is characterized by maximum vertebral rotation, with
displacement of the pedicle beyond the midline and deformation
of the vertebral body. Thus, the usual shape of the vertebra
changes, and the edges of its body become less defined (Fig. 9).

In some cases, the accuracy of the system in diagnosing
grade Ill or IV scoliosis was not affected by significant

Fig. 9. Specifications of vertebral marking
in radiographs with grade 3 and 4 scoliosis.
Errors in detection and numbering of
vertebrae caused by the unusual shape of
the vertebrae (yellow arrow).

grade.
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measurement variability of Cobb’s angle between the system
and the radiologist. Usually, these errors had been mainly
found when assessing a nonprimary (secondary) curvature
(Fig. 10).

As another limitation, the proposed Al program can
only be used to evaluate frontal radiographs. This system
cannot evaluate scoliosis on sagittal radiographs and other
modalities such as CT.

Most of the abovementioned errors of the system can
be fixed by the radiologists when they are using the system
because they are provided with an access to change vertebral
markings to get more accurate results. The time needed to
obtain the results even if the radiologist must make changes
in the automatic vertebral markings done by the system was
still shorter than getting the results through the usual Cobb’s
method. In addition, in the future, we believe that vertebral
marking will be more accurate when providing the network
with a much larger dataset.

CONCLUSION

The automatic system can be used as a reliable
objective tool to define the scoliosis grade and measure
Cobb’s angle on frontal spinal radiographs, significantly
saving the radiologist's time. Major factors that can affect
the results of the program are the quality of the radiographs
and accuracy of the vertebral markings. Those factors can

Fig. 10. Grade 3 scoliosis diagnosed by the radiologist (left) and the Al system (right).
Significant variability in measuring the lumbar curve (7.8°) did not affect the overall scoliosis
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be overcome in practice when using the program, as the
radiologist can correct the vertebral markings and obtain
the best results.
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Priority Radiomic Parameters for Computed
Tomography of Head and Neck Malignancies:
A Systematic Review

Yuriy A. Vasilev, Olga G. Nanova, Ivan A. Blokhin, Roman V. Reshetnikov,
Anton V. Vladzymyrskyy, Olga V. Omelyanskaya

Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russia

ABSTRACT

BACKGROUND: Radiomics is the newest and most promising direction in modern radiographic diagnostics. The number of head
and neck cancer studies employing radiomics is increasing annually. A systematic review of recent publications (2021-2023)
on computed tomography (CT) of head and neck malignancies was performed.

AIM: To present systematized data on parameters for radiomic analysis for head and neck malignancies identified by CT data.
MATERIALS AND METHODS: The literature search was carried out in PubMed. The basic characteristics of the selected articles
were extracted, and their quality was assessed using RQS 2.0 and the modified QUADAS-CAD questionnaire. The reproducibility
level of radiomic parameters selected for predictive models in different studies was assessed. Eleven articles were selected for
the review. In most cases, a high risk of systematic error associated with data imbalance in terms of demographic parameters
and level of pathologies was noted.

RESULTS: The range of RQS 2.0 scores for the included articles varied from 19.44% to 50.00% of the maximum possible score.
The decreasing research quality was mainly caused by the lack of external result validation (73% of the analyzed articles) and
data accessibility and transparency (82%). Inter-study reproducibility of radiomic parameters was low owing to the wide variety
of techniques used for image acquisition, image post-processing, extraction, and statistical processing of radiomic parameters.
CONCLUSION: A set of stable radiomic parameters must be successfully introduced into clinical practice. The standardization
of radiomics method and creation of an open radiomics database are necessary for this purpose.

Keywords: radiomics; head and neck cancer; radiomic parameters.
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lpuopuTteTHble NapaMeTpbl paguOMUYECKOrO
aHanusa ANs KOMNbIOTepHOU ToMorpadum npu
3/10Ka4eCTBeHHbIX HOBOO6pa30BaHMAX roJ10BbI U LUEK:
cUcTeMaTU4YecKuin 063op

t0.A. Bacunbes, 0.I. HaHoBa, U.A. bnoxuH, P.B. PewweTHuKoB,
A.B. Bnagaumupckuid, 0.B. OMensHcKas

Haquo-npaKTw-lecxmﬁ KJIMHUYECKMIA LIeHTP ANArHoCTUKK U TeneMe AULIMHCKUX TexHonoruiA, MockBa, Poccus

AHHOTALIMA

O6ocHoBaHMe. PagnoMuka — HoBeliluee W MHOroo0eLLaloLLee HanpaBieH e COBPEMEHHOM fy4eBON AMArHOCTUKMW. Yucno
UCCNefoBaHUiA 3M10Ka4ecTBEHHbIX HOBOOOPa30BaHMIA OMI0BbI U LU C MOMOLLbIO 3TOT0 MeTOfA YBENMYMBAETCA C KaXAbIM
rogoM. Mel npoBenn cucteMaTuieckuii 063op HoBemwmx nybnukaumii (2021-2023) no 3n10Ka4ecTBEHHLIM HOBOODPa30BaHUSAM
rONIOBbI U LLUEW, BbIMOSIHEHHBIM Ha OCHOBE KOMMbBIOTEPHON TOMOrpaduu.

Llenb — cucteMaTu3aums AaHHbIX N0 UCMOJIb3YEMbIM NapaMeTpaM pagMoMUYECKOT0 aHanM3a Npu paKe rosioBbl U LLUEW, Bbl-
ABMEHHBIM N0 AaHHBIM KOMMbOTEPHON TOMOrpaduy.

Matepuanbl u MeTopabl. [Mouck cTatei ocywectensncs B 6ase PubMed. MponsseneHsl U3BnedeHne 6a3oBbix XapaKTePUCTUK
oT06paHHbIX CTaTen M oLeHKa ux kadectea no RAS 2.0 u MoandmumpoBaHHoMy onpochuky QUADAS-CAD. OueHnnm ypoBeHb
BOCNPOM3BOAMMOCTU PaAMOMUYECKUX MapaMeTpoB, 0TOBPaHHBIX /1S MPOrHOCTUYECKUX MOAENEN, B pasHbIX UCCIIeA0BaHUSAX.
[na 063opa oTobpaHo 11 cTaTei. B bonbwKMHCTBE Cy4aeB 0TMeYancs BbICOKWI PUCK CUCTEMATUYECKOI OLUMOKY, CBA3aHHLINA
€ HecbanaHCUpOBaHHOCTLIO BbIDOPKYM Mo AeMorpadnyecKuM napameTpaM 1 YpOoBHIO NaToNorUi.

Pesynbratbl. [lpn oueHKe KayecTBa paAMOMWKM OMana3oH 6annoB Ans UCCNeAOBaHHbIX CTaTel u3MeHsetcs ot 19,44%
00 50,00% MakcuManbHo BO3MOXHOWM CyMMbl. OcHOBHble npobieMbl, BReKyimue 3a coboi CHUXEHME KauecTBa MUccnefo-
BaHWi, 00yCNOBNIEHbI OTCYTCTBUEM BHELUHEN BanuAauuu pesynbtatoB (73% npoaHanusupoBaHHbIX CTaTen), a TaKKe Hepo-
CTYMHOCTBK) MM HEMpO3payHOCTbH) MCCNefoBaTeNbCKUX AaHHbIX (82%). BocnpousBoguMocTb paguoMUYeckux napameTpoB
MEeX [y UCCrie0BaHUAMM HU3Kas M3-3a 6OIbLLOr0 pa3Ho0bpasus UCToMb3yeMbIX METOAMK NONyYeHUs 1 nocTobpaboTku n3o-
DpaKeHWH, a TaKKe M3BJIEYEHUS U CTATUCTUYECKOM 06paboTKU pafMOMMYECKUX NapaMeTpoB.

3aknoueHue. 06cyxaaeTca HeobxoaMMOCTb BbiAeneHus 6a30B0ro 610Ka YCTOMYMBLIX PaAMOMUYECKUX NAapaMeTPOB ANS BHe-
APEHNs METOAA B KIIMHUYECKYIO NPaKTUKY, YTO BO3MOXKHO CLENaTh TONIbKO NP CTaHAApPTU3aLMM METOL0B PafvOMUKHU U CO3-
AaHWs OTKPbITON 6a3bl PAAMOMUYECKUX AaHHBIX.

KnioueBble cnoBa: PaAnOMUKa; 3/10Ka4eCTBEHHbIE 06pa3OBaHI/IFI rofioBbl U Wen; paguoMUYecKue napaMeTpbl.
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BACKGROUND

Radiomics is the latest modern medicine innovation.
This technique aims to improve the diagnostic quality using
radiomic features, i.e., medical image parameters invisible to
the human eye [1]. Radiomics analysis is a rapidly developing
area in radiology [2]. This approach is expected to be widely
used as an additional tool for assessing the prognosis and
determining the treatment strategy.

Several thousand radiomic parameters [3] are currently
classified into three major groups:

» Curve parameters describing image properties

« Texture parameters (gray-scale matrices)

representative of pixel ratios

» Shape parameters

Several subgroups were observed within each group of
radiomics features.

Dozens to thousands of parameters were used in
studies, depending on whether radiomic features are
extracted manually or via machine learning algorithms
[3, 4]. Furthermore, approaches to assigning specific
parameters to major groups vary. In some cases, all groups
of features can be included in varying proportions, whereas
only texture parameters are included in others, excluding
shape parameters. Currently, the number and composition
of radiomic features during manual extraction (handcrafted
features) are primarily determined using the selected analysis
software and per the researcher’s perception.

The set of radiomic features should be standardized for
the potential use of radiomics as an additional diagnostic
tool in clinical practice [5, 6]. Features selected for a wide
practical use should ensure inter-study reproducibility.
However, these studies differ in various ways, including the
structures examined, the type of prognosis, the method of
obtaining and processing images, and the statistical analysis
methods of radiomic features.

STUDY AIM

To organize data on the used radiomic parameters
in head and neck cancer detected based on computed
tomography (CT) findings. Head and neck cancer, including
throat, larynx, nasal cavity, paranasal sinus, and oral cavity
malignancies [7], was selected as one of the most common
cancers [8] requiring multimodal diagnostics, beginning
with CT [9-11].

STUDY OBJECTIVES

The study objectives are as follows:

1. To review the most recent publications (2021-2023)
on radiomics in head and neck cancer using CT findings,
including an assessment of distribution by study objectives,
methods used, and article quality based on modern radiomics
standards.

Vol.5 (2) 2024
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2. To assess the intra- and inter-study reproducibility
(robustness) of radiomic features.

3. To compare the most recent publications with previous
studies.

MATERIALS AND METHODS

Search Strategy

The search was performed in PubMed. The search terms
were in English only. The search period—November 15, 2020,
to June 1, 2023—was selected so that the reference lists of our
and other studies would not overlap for the most part [12-14].

The search terms included the following:

“head and neck neoplasms” [MeSH Terms] AND (“artificial
intelligence” [MeSH Terms] OR (“artificial” [All Fields] AND
“intelligence” [All Fields]) OR “artificial intelligence” [All
Fields] OR (“deep learning” [MeSH Terms] OR (“deep” [All
Fields] AND “learning” [All Fields]) OR “deep learning” [All
Fields]) OR (“machine learning” [MeSH Terms] OR (“machine”
[All Fields] AND “learning” [All Fields]) OR “machine learning”
[All Fields]) OR (“neural networks, computer” [MeSH Terms]
OR (“neural” [All Fields] AND “networks” [All Fields] AND
“computer” [All Fields]) OR “computer neural networks” [All
Fields] OR (“neural” [All Fields] AND “network” [All Fields]) OR
“neural network” [All Fields]) OR (“radiomic*” [All Fields]) OR
“radiomic features*” [All Fields]) OR (‘radiomics features*”
[All Fields]) AND (“node*” [All Fields] OR “lymph node*” [All
Fields] OR (“nodal” [All Fields] OR “nodally” [All Fields] OR
“nodals” [All Fields]) OR “metastas*” [All Fields])

Inclusion criteria: Original research articles

Exclusion criteria: Reviews, meta-analyses, and case
reports on radiomics in head and neck cancer

The study design adheres to the Preferred Reporting
Items for Systematic reviews and Meta-Analyses [15].

Two experts independently reviewed the article titles and
abstracts found using the search terms. This review identified
several articles for full-text analysis. The third expert made
the final decision in case of disagreement over including an
article in the analysis. Further review of reference lists of
included articles to identify eligible publications (snowballing)
was not performed.

Data Extraction and Article Quality Assessment

The following information was extracted from the
selected full-text articles:

« Original author and corresponding author

« Article title, year of publication, and DOI

+ Journal and impact factor

+ Country where the study was performed

+ Study objectives

« Study design (prospective/retrospective, single-center/

multicenter)

+ Inclusion/exclusion criteria

+ Number, sex, and age of patients

« Tumor site and type
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« Total number of extracted radiomic features
» Assignment of radiomic features to classes (assessed
or not assessed); if assessed, the following classes
were analyzed:
- Shape parameters (2D and 3D)
— Type 1 parameters
— Type 2 parameters: texture parameters with
several subgroups (Gray Level Co-occurrence
Matrix [GLCM], Gray Level Run Length Matrix
[GLRLMI, Gray Level Size Zone Matrix [GLSZM],
Neighboring Gray Tone Difference Matrix [NGTDM],
and Gray Level Dependence Matrix [GLDM])
+ Radiomic feature analysis method:
— Machine learning (used or not used)
— For handcrafted radiomics, statistical methods
were used for the selection of radiomic features

+ Number of radiomic features selected by the authors

as prognostically valuable and their significance.

Two approaches were used to assess the quality of
selected articles: the Radiomics Quality Score 2.0 (RQS 2.0)
[16], specific to radiomics studies, and Quality Assessment
of Diagnostic Accuracy Studies 2 (QUADAS-2) [17, 18],
commonly used in medical studies and has been modified
for computer aided detection (QUADAS-CAD).

Analysis of Radiomic Features

Radiomic features identified with prognostic value were
extracted from each selected article. Features extracted from

2) 2024 Digital Diagnostics

both original and post-processed images were analyzed.
Various statistical methods, including machine learning,
regression analysis, analysis of variance, resampling, and
assessment by intraclass correlation coefficient, were used
to select features to be considered. If several hypotheses
were evaluated in a study, radiomic features were extracted
separately for each hypothesis. Two studies provided
statistics for the robustness of all extracted radiomic
parameters (the intraclass correlation coefficient [19] and the
P-level for the analysis of variance [20]), without reducing
the number of parameters. In such cases, the most robust
radiomic parameters were independently selected for our
analysis, based on the available data.

Moreover, the inter- and intra-study overlap of significant
radiomic feature sets was assessed for different endpoints.

RESULTS

Literature Search and Selection of Articles

The initial search identified 804 publications. After
reviewing the titles and abstracts, 762 publications
were excluded as irrelevant (other types of cancer were
investigated, radiomics analysis was not used, etc.).
Forty-two publications were included for analysis after
reviewing the titles and abstracts (Fig. 1). Of these, 11 studies
were included in the final analysis, whereas 31 were
excluded (11 studies used magnetic resonance imaging,
2 used ultrasound examination, 7 focused on thyroid cancer,

using sea

Studies identified in PubMed

804

rch terms

A

A

Screened studies

804
Studies excluded
» after title and/or abstract analysis
762
31 articles were excluded from the Studies selected
review due to the following: for full-text analysis

« 11 used MRI 42
« 2 used US

« 7 thyroid tumors

A

« 1 esophageal tumor
« 10 did not focus on radiomic A

A

features

1

Studies included in the review

1

Fig. 1. Flow chart of systematic literature search flow chart
Abbreviations: MRI, magnetic resonance imaging; US, ultrasound.
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1 focused on esophageal cancer, and 10 did not specify the
radiomic parameters used).

Basic Characteristics of Articles

The basic characteristics of articles selected for the
review are summarized in Appendix 1. Of these 11 studies,
five were performed in China [19, 21-24], three in Europe
(of them one in Italy) [25], and one each in Portugal/Austria/
Germany [26], the Netherlands [27], the USA [28], Canada
[20], and Thailand [29]. Articles with the highest ratings
were published in Cancers (impact factor 6.575) [20] and
European Radiology (impact factor 6.020) [21]. All studies
were retrospective. Eight were single-center [20-23, 25,
27-29] and three were multicenter [19, 24, 26] studies.

Radiomic features were used to predict overall survival [25,
26, 29], progression-free survival [25, 29], distant disease-free
survival [28], risk of locoregional recurrence [25, 26, 28], and
risk of distant metastases [26]; to preoperatively predict lymph
node involvement [21, 23, 24]; and to classify enlarged cervical
lymph nodes [22]. One study examined the relationship between
the robustness of radiomics parameters and the quality of
radiomics models [18]. Another investigated the differences in
radiomic features depending on the tumor site [20]. One used
additional data to validate a previously created model [27].

Quality of Included Articles According to RQS 2.0

The quality assessment of articles using the specialized
radiomics analysis scoring system RQS 2.0 is summarized in
Appendix 2. The scores for the reviewed articles range from
7 (19.44%) [20] to 18 (50.00%) [22], with @ maximum score
of 36 (100%) points; the mean and standard deviation are
10 and 4, respectively.

In 7 (64%) of 11 cases, the imaging protocol was
well-documented [21-26, 28]. Five studies (45%) considered the
effects of segmentation (resegmentation by two researchers,
segmentation algorithms, random noise) on the extraction of
radiomic features [22, 23, 25, 29, 30]. Teng et al. [20] assessed
the reliability of radiomic features in multicenter studies and the
effects of various features on the overall reliability of models.
None of the reviewed studies evaluated the robustness of
radiomic features against temporal variations, such as organ
movement or increased/decreased organ size. Ten (91%) studies
examined model retraining and reduced number of radiomic
features to select the most significant ones [19, 21-29]. Eight
(73%) studies reported that models were developed using pooled
sets of radiomic and clinical features and compared mixed,
radiomic, and clinical models [22, 24-30]. All studies (100%)
provided significance and discrimination quality metrics (area
under the curve [AUC] and P-level, including those obtained
during data resampling) [31]. The obtained radiomic models
were rarely validated. Specifically, validation was performed in
as few as three studies (27%) [20, 23, 26], with only one (9%)
using data from another study site [26]. Data transparency was
also limited, with only two studies providing open access to
images [25] and extracted radiomic features [18].
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Quality of Included Articles Based on QUADAS-CAD

The risk of hias according to QUADAS-CAD is summarized
in Tables 3 and 4 [17]. The overall risk of hias was high in
6 of 11 reviewed articles (54.5%) [19, 20, 25, 26, 28, 29].
Five (45.5%) of 11 articles had a low risk of bias [21-24,
27]. Seven (64%) studies reported a high risk of bias due to
data imbalance [19, 20, 23, 25, 26, 28, 29], and four (36%)
reported low [21, 22, 24, 27]. In most cases, this risk was
caused by a sample imbalance in terms of demographics
and pathology. Machine learning was used in six studies [19,
20, 22, 24, 26, 28]; thus, some questions in D2 block are
only applicable to them. The risk of bias due to the selected
method for the use and interpretation of index tests was high
in four studies (36%) [19, 20, 26, 291, moderate in one (9.5%)
[28], and low in six (54.5%) [21-25, 27]. The risk of bias from
the reference standard assessment was low in most cases
(64%) [19, 21-24, 27, 291. In some cases, the expertise level
of physicians assessing the reference values was unclear;
therefore, the risk of bias was considered high (27%) [28]
or moderate (9%) [20, 25, 26]. The risk of bias due to data
heterogeneity was high in three studies (27%) [20, 25, 28]
and low in eight (73%) [19, 21-24, 26, 27, 29]. In some cases,
ambiguous assessment results were due to a detailed level
when describing data analysis methods.

Methods Used in the Studies

The number of extracted radiomic features ranges
from 36 [20] to 5,486 [19]. Five articles included detailed
information on the distribution of extracted radiomic features
[22, 23, 25, 26, 28].

Six studies used machine learning for radiomics analysis
[19, 20, 22, 24, 26, 28]. The remaining five studies used
regression analysis [25, 29], analysis of variance (ANOVA)
[23], intraclass correlation coefficient (ICC) [29], data
resampling [28], and one-way tests for pairwise comparison
of features (Student's t-test, Mann-Whitney U test,
chi-squared test, Fisher's exact test) to assess the
significance of radiomic features [21, 23, 27].

The number of selected features in studies ranges from
2 [25, 27] to 19 [26]. Two articles did not select the most
significant features; instead, they reported the corresponding
statistics for each extracted feature (ICC) [19] and the
percentage of repeated features in replicates [28].

Feature Reproducibility Analysis

In 11 studies, 191 radiomic features considered valid for
prognostic models were selected (see Appendix 1), including
47 first-order features. Of these, the same feature is used in
two different studies with five (11%) cases; in the remaining
cases, features do not overlap between studies. Shape
parameters include 25 radiomic features. Of these, the same
feature is used in two different studies with five (20%) cases.
Moreover, the same feature is used in three different studies
in two (8%) cases. In the remaining cases, features do not
overlap between studies. Second-order features include
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Table 4. Risk-of-bias assessment according to Quality Assessment of Diagnostic Accuracy Studies for Computer Aided Detection

Original author, year D1 D2 D3 D4 Total score Weight (%)
: Somewhat . .
Franzese C., 2023 High Low doubtful High High 2
. . Somewhat -
Gongalves M., 2022 High High doubtful Low High 4
Zhao X., 2023 Low Low Low Low Low 10
Teng X., 2022 High High Low Low High 32
Zhang W., 2022 Low Low Low Low Low 6
Yang G., 2022 High Low Low Low Low 4
Intarak S., 2022 High High Low Low High 4
. Somewhat . . .
Morgan H., 2021 High doubtful High High High 1
Li J., 2021 Low Low Low Low Low 15
. . . Somewhat . .
Liu X., 2021 High High doubtful High High 14
Zhai T., 2021 Low Low Low Low Low 6

119 radiomic features. Of these, the same feature is used in
two different studies in one case (0.8%).

In two studies, radiomic features were completely
reproducible between different models [23, 29]. In two more
studies, radiomic features were not reproducible between
different models [25, 28].

DISCUSSION

This review analyzed studies on radiomics analysis in
head and neck malignancies based on CT findings performed
between 2021 and 2023, focusing on a list of frequently used,
reliable radiomic parameters. The reviewed publications used
a wide range of approaches, from image acquisition and
post-processing methods to software used for radiomic
parameter extraction and statistical processing. Furthermore,
creating a predictive radiomics model always requires reducing
the number of radiomic parameters. Parameters are selected
using different methods, from univariate statistical tests to
machine learning; this is entirely up to the authors. The selected
statistical methods for reducing the number of features also
have a significant impact on the selection results of parameters.
The most recent meta-analyses highlighted that the difficulty of
summarizing and implementing individual successful practices
remains a significant barrier in current radiomics [30].

Study Quality

When comparing previous systematic reviews of radiomic
studies in head and neck malignancies [13, 32] and our new
study, several methodological challenges persisting for a
decade were encountered.
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One of the major challenges in radiomic studies is the
lack of validation of obtained radiomic models using external
data. Only one of the reviewed studies validated data from
another study site [33].

Another major challenge is the lack of data
transparency and insufficient detailed description
of analysis methods, preventing the reproduction of
results of such studies. However, reproducibility of
results is widely considered one of the fundamental
criteria of scientific approach and the basis for practical
implementation of a method [34].

Our conclusions are consistent with the findings of other
systematic reviews. For example, all four identified reviews of
studies evaluating head and neck cancer [12, 13, 32, 35] lacked
result validation using external data. Moreover, Giannitto et
al. [13] reported a lack of transparency of methodologies
used in studies due to an inadequate description of the
study conduct and a lack of assessment of the possible
implementation of results in clinical practice. Guha et al. [12]
revealed substantial heterogeneity of methodologies, making
it difficult to generalize study findings.

The Image Biomarker Standardization Initiative (IBSI) is
currently in progress [36]. Considering the detailed level in
addressing the issues and numbers of community members
involved, this initiative could be a significant step toward
resolving the lack of transparency in radiomic analysis. The
reproducibility and reliability of results can also be improved
by appropriately designed clinical studies of intelligent
technology-based algorithms [37].

Creating an open platform for radiomic studies will
enable reporting negative results, which are not published in



https://doi.org/10.17816/DD623240

SYSTEMATIC REVIEWS AND META-ANALYSES

peer-reviewed journals due to the so-called publication bias
[38]. Minimizing the risk of bias is critically important when
assessing the efficacy of radiomic analysis. Furthermore,
Kocak et al.'s [39] meta-study made it possible to highlight
issues caused by a largely retrospective design (95%,
142/149) and a lack of a reference test in a significant
number of studies (44%, 66/149) [39].

The assessed method is based on radiomic parameters
describing the relationships among voxels, 2D and 3D
characteristics of malignancies, and other properties.
Several thousands of these parameters are currently
known; however, the consensus regarding the diagnostic
value of each parameter and its various combinations is
not yet established. The number of selected features in
reviewed studies dramatically varies, ranging from a few
to several thousands. Less than half of studies provide
detailed descriptions of the groups of features representing
various characteristics of malignancies. Three studies did not
specify the radiomic parameters used in the models. Only
one reviewed article examined the robustness of radiomic
parameters in multicenter studies.

To promote the widespread use of prognostic radiomics
models in clinical practice, priority parameters must be
identified based on their robustness and reproducibility
assessment. Radiomic parameters most used in prognostic
models were selected. Our findings demonstrated that the
reproducibility of radiomic parameters is extremely low due
to the wide range of methodologies used. This is consistent
with earlier studies suggesting that radiomic parameters
might be random and non-reproducible [40]. Recommending
a specific set of radiomic parameters for clinical use is
difficult. Therefore, radiomic methods must be standardized,
and recommended standards must be implemented.
Consequently, a basic set of radiomic parameters can
be created for the use of radiomic analysis in diagnostic
imaging [41]. Standardization of radiomic analysis can also
be achieved through efforts in the field of study protocol
standardization and post-processing control standardization
[42].

Limitations of Our Approach

Our study has several limitations inherent for systematic
reviews. With the aim to provide the most comprehensive
review of currently available studies of head and neck
malignancies, this review includes studies of both primary
and secondary tumors and histologically heterogeneous head
and neck cancers.

The search was limited to PubMed and English
publications, which may have reduced the number of
identified studies.

Data imbalance was observed in all studies. Only
pathological cases were included, while non-pathological
cases were excluded. Moreover, data imbalance was also
observed in demographics.
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These limitations prevented comprehensive meta-
analysis, allowing only qualitative synthesis with descriptive
statistics. However, our study highlighted the major
challenges of modern radiomics and the direction of future
research in this area.

CONCLUSION

Radiomics is a rapidly evolving modern medicine area.
Studies increasingly used radiomics analysis. Our findings
revealed that major challenges in this area preventing the wide
clinical use of this promising method include low transparency
of studies and the absence of open-access databases
and standardized approaches to radiomics studies. The
fundamental objective of radiomics development is to adopt
accepted standards for image acquisition and processing, as
well as modeling strategies. Assessment tools for the risk of
bias should be used during studies, such as QUADAS-2 or its
versions modified for specific tasks, and recommendations
should be considered for reducing these risks. Free access to
radiomics data should be enabled, similarly to genetic studies.
A set of robust radiomic parameters should be developed to
use this method in clinical practice. The IBSI platform is an
effective solution for the standardization of radiomics data and
its open-access publication.
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Optimization of Magnetic Resonance Imaging
of the Hand

Yuriy A. Vasilev, Dmitry S. Semenov, Alexey V. Petraikin, Andrey A. Uchevatkin,
Liya R. Abuladze, Alexander V. Bazhin, Dariya E. Sharova

Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russia

ABSTRACT

BACKGROUND: Magnetic resonance imaging is one of the leading imaging modalities of the musculoskeletal system. However,
when imaging the hand, major problems in magnetic resonance imaging include the lack of specialized coils and reliable
fixation devices for the hand, uncomfortable patient posture, motion artifacts, and small anatomical structures in the wrist.
These factors inevitably lead to incorrect interpretation.

AIM: To improve the quality of magnetic resonance imaging of the hand by developing an approach to coil selection, scanning
protocol, and hand positioning and fixation.

MATERIALS AND METHODS: A positioning device was developed to prevent hand movements. Two types of coils were
evaluated. Magnetic resonance images were evaluated comparatively, as well as by a musculoskeletal radiologist.

RESULTS: A head coil is more appropriate when scanning the entire hand, for example, in rheumatic diseases. A knee coil is
more appropriate when studying smaller anatomical structures (including the wrist) owing to a smaller field of view and higher
resolution. Based on the obtained data, guidelines for the selection of scanning parameters, sequences, and coils for magnetic
resonance imaging of the hand were formulated. To prevent motion artifacts, a special fixation device of the patient’s hand was
introduced.

CONCLUSION: Certain factors directly affect the qualitative magnetic resonance imaging study of the hand, such as safety
protocols, scanning parameters, and hand fixation. The guidelines presented in this study and the use of the developed
specialized fixation device may improve the quality of magnetic resonance imaging of the hand.

Keywords: magnetic resonance imaging; hand; wrist; optimization.
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MaI'HMTHO-pe30HaHCHa$I TOMOI'paCIJMﬂ KUCTU:
onTUMMU3aLUa CKaHUpOBaHUA

t0.A. Bacunbes, [1.C. CemeHos, A.B. MNeTpsitkuH, A.A. YueBaTKuH,
J1.P. Abynap3e, A.B. baxun, [1.E. LLlapoBa

Hay4Ho-npaKTUYeCKuit LIEHTP AMArHOCTUKM U TeNeMeauLMHCKIUX TexHomormid, Mocksa, Poccus

AHHOTALMA

06ocHoBaHWe. MarHuTHO-pe30HaHCHas ToMorpaus — OAMH U3 BELyLUMX METOAO0B Jy4eBO AMArHOCTUKM NaToN0rM4YeCKuX
W3MEHEHWI OMOPHO-[BUraTeNlbHOro anmnapara, B TOM YUCNe Jly4e3ansicTHOro cyctaBa M Kuct. OCHOBHbIMM npobnemamu,
C KOTOPbIMM BCTPEYAIOTCA PEHTreHoabopaHTbl U BpauM-peHTreHOOMM NpU BbIMOHEHUW MarHUTHO-PE30HaHCHOW TOMO-
rpadmmn KUCTW, SBNAIOTCS OTCYTCTBUE CMELMANM3MPOBAHHON KaTYLLKW U HALEXHOr0 GUKCUPYIOLLLEro YCTPOWCTBA AN KUCTH,
a TaKkKe HeynobHas no3a nauumeHTa, YTo B UTOTe MPUBOAMT K Ype3MepHOI ABUraTesIbHON aKTMBHOCTM MaLMeHTa BO BpeMst
UCCNef0BaHNUA U CHUXKEHMI0 KayecTBa MojlyyaeMblx M300paxeHuii. B jononHeHue K 3ToMy, nyye3anscTHbIA CycTaB U KUCTb
COCTOSIT U3 MHOXXECTBA HEOOMbLUMX aHaTOMUYECKUX CTPYKTYP, AeTaNbHas BU3yanu3aumus KOTOpbIX TpedyeT yANMHeHUs Bpe-
MEHW CKaHMPOBAaHMS, YTO B CBOIO 0Yepefib ABNSETCA JONOAHUTENbHBIM (GAKTOPOM PUCKA MONYYEHUS HEKAYECTBEHHBIX U30-
BpakeHW U3-3a ABUraTeNlbHOM aKTMBHOCTY MaLMEHTa, NOBbILLAs BEPOSTHOCTb HEKOPPEKTHOW MHTeprpeTaLmm UccneAoBaHus
BPa4OM-PEHTTEHOSIOMOM.

Lienb — ynyyiwumTb Ka4yecTBO M306paXeHui, NONYYEHHbIX B X0J€ MarHUTHO-Pe30HaAHCHOM ToMorpaduu KUCTU, NYTEM pas-
paboTKU CTaHAAPTU30BaHHOTO MOAXO0AA K BbINOJIHEHWUIO UCCIE0BaHMA: BbIDOP KaTYLLKW, YKNaAKa NaLMeHTa, OCyLLeCTBIeHNe
duKcaummM KuCTH, a TakKe BbIDOP NPOTOKOMA CKAHUPOBAHMUA M NapPaMeTPOB UMMYNbCHbIX NOC/eA0BATENIbHOCTEN.
Marepuansb! u MeToapl. PaspaboTaHa noHreta Ans NpeaynpexaeHns LBUXKEHWIA KUCTU U BbINOSIHEHbI UCCNEA0BaHNS C NpU-
MeHeHWeM ABYX BULOB PaJMOoYacTOTHBIX KaTyLueK. [TpoBeAeHa cpaBHUTENbHAs OLEHKA M306paXeHuid No TEXHUYECKUM napa-
MeTpaM, a TakXKe OLieHKa BPa4OM-PEHTIEHOI0MOM, CNeLManu3vpyIoLLMMCS Ha CKENETHO-MbILLEYHOI BU3yanu3aLmm, Ha npea-
MeT KayecTBa M306paxeHuit B 3aBUCUMOCTY OT LieSU UCCe0BaHus.

PesynbTatbl. [pUMeHeHMe KaTyLWKU AN UCCNEAO0BaHWsA rooBbl (FONIOBHOM KaTyluky) bonee uenecoobpasHo npu Heobxo-
AMMOCTM CKaHMPOBaHMS BCE KUCTW (HanpyuMep, Npy peBMATONOMMYECKUX 3a00/1eBaHUAX), NPUMEHEHUE KONEHHOM KaTyll-
Ku — npu HeobxoammocTu Bonee AeTanbHOM OLEHKM aHaTOMUYECKUX CTPYKTYp (B TOM umcnie 3anficTbsl), BBUALY MEHbLLEr0
nons ob3opa u bonee BbICOKOro paspeLleHus. Ha ocHOBaHWM NoflydeHHbIX AaHHBIX Bblav chopMynMpoBaHLl pekoMeHAaLmMK
Mo NpOBEAEHWI0 MarHUTHO-Pe30HAHCHOW TOMOrpagun KMCTW: BbIGOP pafMoyacTOTHONM KaTyLKKM, NPOTOKONA CKaHUPOBaHMS,
napameTpoB UMNYNbCHbIX MocnefoBaTenbHocTend. KpoMe Toro, HamMu NpeanoxeHa NoHreta ans GuUKcaumn KUCTU naumeHTa
C LieNbio HUBETMPOBAHMA U3DbITOUHbIX BIKEHWI W NPeLOTBPALLEHUS BO3HUKHOBEHWS apTedaKToB.

3aknioueHune. [In1s KauyeCTBEHHOTO BbIMOSIHEHUS MArHUTHO-PE30HAHCHOWM ToMorpaduu Kuctu TpebyeTcs yuuTbiBaTb PSA
dakTopos: nNpasuna 6e30nacHOCTX NpW NPOBELLEHUN MArHUTHO-PE30HAHCHON TOMOrpaduM, HacTpoMKa NapamMeTpoB CKaHM-
POBaHMA, rpaMoTHan QuKcauma KUCTU B KaTyluke. CobntogeHne peKoMeHaauUmiA, KOTopble NpefnaraloTca B AaHHoW pabore,
a TaKKe NpUMeHeHWe pa3paboTaHHOM NOHreTbl NO3BONSIOT YNYYLIMTL KA4eCTBO MOSTyYeHHbIX M300paXKeHuiA Npu MarHUTHO-
PE30HAHCHOM TOMOrpagum KUCTU.

KnioueBble cnoBa: MarHMTHO-pe30HaHCHasA TOMOI'paCIJVIFI; KUCTb; J'Iy‘-le3aI'IFICTHbIVI CyCTaB; ONTUMU3aLNA.
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BACKGROUND

Magnetic resonance imaging (MRI) is a crucial
imaging modality for diagnosing abnormalities in human
musculoskeletal structures. It is widely used owing to
the absence of radiation exposure and high contrast
enhancement of soft tissues. MRI has a high diagnostic
accuracy in evaluating lesions of cartilage, ligaments, mass
lesions, and bone marrow [1]. However, to evaluate the small
structures of the hand and obtain high-quality MRI scans,
several conditions should be met: the radiologist should
follow general MRI precautions [2], use correct sequences,
and use special radiofrequency (RF) coils and accessories to
fix the hand position. The disadvantages of MRI include its
limited availability [3] and high cost [4].

For radiologists, one of the challenging aspects in
interpreting hand MRI is that the hand is composed of small
structures; thus, imaging and interpretation of pathological
changes in the hand tissues is directly dependent on the skill
and expertise of the radiologist and on the quality of the image
[5]. For example, radiologists with expertise in diagnosing
musculoskeletal disorders were shown to provide more
detailed interpretations than those with less experience [1].
For patients, the key factors for obtaining high-quality images
are proper positioning and fixation of the patient's hand and
minimizing motor activity throughout the examination. Motion is
a common source of MRI artifacts. Artifacts appear as blurred
margins of structures and thus reduce the informational value
of the examination [6]. Two types of motion can cause artifacts:
internal, caused by physiological processes (e.g., blood flow
in the vessels), and external, which are directly related to the
patient’s active or passive movements during the examination.
Flow artifacts are less significant owing to the small vessel
caliber. They can be mitigated by using special saturation
pulses applied distal and proximal to the area being scanned
and by changing the direction of the phase encoding gradient.
The patient's movements can be minimized by choosing a
comfortable position for the hand and fixing it securely [6].

STUDY AIM

This study aimed to improve the quality of hand MRI by
standardizing coil selection, patient positioning, hand fixation,
scan protocol, and sequence parameters.
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Fig. 1. A device (splint) for positioning the patient’s hand.

MATERIALS AND METHODS

Currently, various problems in performing hand MRI have
been identified. Healthcare facilities of the Moscow City Health
Department are no exception to these issues, including lack of
a special coil, uncomfortable patient position, motion artifacts,
and small anatomical structures that require increased
scanning time for detailed imaging. The lack of reliable hand
fixing device in the coil is another crucial problem. Therefore,
an immobilizing splint was developed and evaluated in studies
using different RF coils (head and knee) to compare quality
and provide recommendations for MRI scanning based on the
data obtained, depending on the purpose of the examination.

The present study included a healthy volunteer using
Excelart Vantage 1.5T (Toshiba, Japan), a commonly used
MR scanner model in healthcare facilities of the Moscow City
Health Department at the time of the study.

A splint made of polymethyl methacrylate (organic glass)
with four textile fasteners on elastic straps was developed to
immobilize the hand (Fig. 1). The splint had the dimensions
30 x 12 cm and thickness of 0.5 cm. A pad for the distal
forearm (Fig. 2b) and disposable covers (gloves, sleeves)
were also provided.

The splint was placed to keep the hand close to the
body, and the wrist was comfortably positioned on a special
pad. Then, the splint was secured with four textile fasteners
on elastic straps (Fig. 2). The patient was put in the prone
position, with the arm extended forward (the superman
position) and the splint fixed to the hand (Fig. 3).

|

Fig. 2. Fixing a splint to immobilize the patient’s hand; (a) top view; (b) side view.
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Fig. 3. Patient in the prone position with the arm extended forward (the superman position) and the hand placed on a splint for
immobilization; () positioning of the device in the assembled radiofrequency coil; (b) positioning of the device in the volume radiofrequency

coil with the upper part open.

Signal-to-noise ratio (SNR) is a crucial parameter of
MRI quality; the higher the SNR, the better the anatomical
structures are visualized. Therefore, the first step was to
evaluate the images by SNR, depending on the scanning
region. Two methods were used to calculate the SNR for the
head and knee coils.

The first method calculated the ratio of the thenar muscle
signal and the standard deviation (SD) of the background
(formula (1)):

_ Thenar Signal M
SNR Background SD

The second method uses the ratio of the thenar signal to

the background signal (formula (2)):

Thenar Signal

SNR @)

) Background Signal

The signal was determined for the thenar as the muscle
signal was not suppressed by the short tau inversion recovery
(STIR) and fat suppression (FS) modes; hence, the obtained
data for different scan modes were averaged. The SNR was

Table 1. Signal-to-noise ratio comparison for head and knee coils

calculated for three main pulse sequences: T1-weighted
(WI) images, STIR, and proton-density weighted images with
fat suppression (PD-WI FS). Furthermore, the presence of
vascular artifacts, the possibility of vertical and horizontal
placement, the need for scan program adjustments, and
patient comfort were evaluated. The images were interpreted
by a radiologist with 10 years of experience.

RESULTS

Table 1 shows the SNR comparison data for the head and
knee coils. When using the knee coil, the SNR was higher for
both calculation methods. This is more clearly seen when
presented as the mean SNR, which was 1.39 times higher
when using formula (1) and 5.3 times higher when using
formula (2).

Table 2 presents data comparing head and knee coils.
Fig. 4 and 5 display images obtained with the head and
knee RF coils. When using the head coil (Fig. 4), the SNR
was lower; however, the signal intensity was more evenly
distributed, allowing evaluation of the entire hand. However,

SNR with formula (1) SNR with formula (2)
T1-WI STIR PD FS T1-WI STIR PD FS
Head coil 6.62 11.51 30.81 1.67 1.65 4.08
Knee coil 10.13 15.54 39.97 11.29 7.16 20.39
SNR 1.53 1.35 1.30 6.76 4.34 5.00
Mean 1.39 5.3

Note: WI, weighted images; PD FS, proton density with fat suppression; SNR, signal-to-noise ratio; STIR, short tau inversion recovery. SNR is

calculated using the following formula: knee coil SNR / head coil SNR.
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Table 2. Comparison of hand magnetic resonance imaging parameters for the head and knee coils

Parameter Head coil Knee coil
Type Multichannel Quadrature
Signal-to-noise ratio (SNR) Higher position for the knee coil relative to the head coil
Evenly distributed Locally high (up to 150 mm)

Convenient scanning, two regions (radiocarpal

Scan region Convenient scanning of the entire hand : d wrist/ b df
(theumatology) region and wrist/metacarpal bones and finger
phalanges [traumatology])
. . Significant, to be suppressed in some
Vascular artifacts Mild programs
Vertlf:al and horizontal positions are Yes Yes
possible
Scanning programs Setup required Setup required
Patient comfort Comfortable Relatively comfortable

Fig. 4. Magnetic resonance imaging of the hand using a head radiofrequency coil, with a splint to immobilize the hand. PD-weighted images
with fat suppression; (a) coronal plane; (b) axial plane.

Fig. 5. Magnetic resonance imaging of the hand using a knee radiofrequency coil, with a splint to immobilize the hand. PD-weighted images
with fat suppression; (a) coronal plane; (b) axial plane.
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when the knee coil was used (Fig. 5), the SNR was higher

locally, allowing assessment of smaller wrist structures.

This was because the knee RF coil was quadrature, not

multichannel, and the working field of view was smaller. A

survey showed that the head coil was more comfortable for

the patient.

Therefore, a head coil is preferred when the entire
hand needs to be scanned, such as in rheumatic diseases,
whereas a knee coil is more appropriate when small wrist
structures need to be examined, for example, in hyaline
cartilage lesions, stress and pathologic fractures, triangular
fibrocartilage complex (TFCC) lesions, and tunnel syndrome.

Recommendations for clinicians and X-ray technicians
have been developed based on these data:

1. Ensure that there are no metal objects that could cause
artifacts and patient injury.

2. Select an RF coil appropriate for the clinical task: a volume
knee RF coil is recommended for thorough evaluation of
local anatomical structures (e.g., wrist, TFCC, etc.); a
head RF coil is recommended to scan the entire hand.

3. Fix the patient’s hand firmly to the splint, placing the
wrist on a special pad for comfortable hand positioning
and securing with four textile fasteners on elastic straps
(Fig. 2a, b).

4. Place the patient in the prone position, with one arm
extended forward (the superman position) (Fig. 3). It is
not always possible to place the patient's arm along the
central axis of the scanner bore with the hand exactly
isocentered; hence, the hand is often rotated and/or

Vol.5 (2) 2024
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moved to the edge of the bore. Additionally, the choice of
coil matters. Some manufacturers attach a coil rigidly to
the patient table, whereas others allow enough space for
movement to position the hand precisely in the isocenter.
5. Use the following scan protocol [7-10]:
a) For the entire hand scan, e.g., in rheumatic diseases
(Table 3):

+ Pre-scan to set up and position the slices

+ PD-WI FS in the sagittal plane

+ PD-WI FS in the coronal plane

+ PD-WI FS in the axial plane

+ STIR in the coronal plane

+ T1-Wl in the coronal plane

Position the locator sequences, i.e., low-resolution

images, in three planes obtained in less than 25 seconds:

« Axial plane: the resulting slices should cover the entire
hand for three slices above the carpometacarpal joint
and three slices below the distal radioulnar joint.

+ Coronal plane: the resulting slices should cover the
entire hand from the dorsal surface to the palmar
surface.

» Sagittal plane: the resulting slices should cover the
entire hand from the medial surface to the lateral
surface of the wrist joint area.

b) For a hand scan, e.g., in case of an injury (Table 4):

+ Pre-scan to set up and position the slices

+ T1-Wlin the coronal plane

+ T2-Wl in the coronal plane

+ PDFS in the axial plane

Table 3. Recommended parameters for hand scan (Toshiba scanner, head radiofrequency coil)

Sequence TR TE Slice thickness (mm) | FOV (cm) ETL Matrix
PD-WI FS, sag 2050 36 3 15%20 7 320x224
PD-WI FS, cor 2700 36 3 15%15 7 320x224
PD-WI FS, ax 2700 36 3 15%15 7 320x224
STIR, cor 3632 36 3 15%15 7 320x224
T1-WI, cor 646 15 3 15%15 1 320x224

Note: ax/cor/sag, axial, coronal, and sagittal planes; WI, weighted images; ETL, echo train length; FOV, field of view; PD FS, proton density with fat
suppression; STIR, short tau inversion recovery; TE, echo time; TR, repetition time. The gap between slices is 10% of the slice thickness. STRI time:

130 msec.

Table 4. Recommended parameters for hand scan (Toshiba scanner, knee radiofrequency coil)

TR TE Slice thickness (mm) | FOV (cm) ETL Matrix
T1-WI, cor 273 10 3 20x16 1 368x240
T2-WI, cor 3,660 45 3 12x12 7 320x256
PD FS, ax 3,630 36 3 12x12 7 256x224
PD FS, cor 2,116 45 3 18x16 7 256x256
STIR, sag 2,464 12 3 15%15 7 320x224

Note: ax/cor/sag, axial, coronal, and sagittal planes; WI, weighted images; ETL, echo train length; FOV, field of view; PD FS, proton density with fat
suppression; STIR, short tau inversion recovery; TE, echo time; TR, repetition time. The gap between slices is 10% of the slice thickness. STRI time:

130 msec.
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Fig. 6. Large encapsulated ganglion cyst of the dorsal hand with neck-like connection to the wrist cavity; (@) PD-weighted images with fat
suppression in the axial plane; (b) PD-weighted images with fat suppression in the coronal plane; (c) T1-weighted images in the coronal
plane; (d) PD-weighted images with fat suppression in the sagittal plane.

» PD FS in the coronal plane

+ STIR in the sagittal plane

+ 3D WET in the coronal plane (optional)

Position the locator sequences, i.e., low-resolution
images, in three planes obtained in less than 25 seconds:

« Axial plane: the resulting slices should cover the entire
area of the hand from the distal phalanges to the level
of the distal radioulnar joint.

« Coronal plane: the resulting slices should cover the
entire hand from the dorsal surface to the palmar
surface.

» Sagittal plane: the resulting slices should cover the
entire hand from digit 1 to digit 5.

For survey scans, such as for the diagnosis of rheumatic
processes, STIR is recommended as this sequence allows
a comprehensive volumetric assessment of inflammatory
lesions, whereas PD-WI FS is more selective and provides
higher spatial resolution, which is critical in evaluating
smaller structures.

The limitations of the proposed fixation method include
the potential inability to use the described splint in patients

with contractures or large-space-occupying masses resulting
in gross deformation of the contours (Fig. 6). However, in this
case, the remaining recommendations should be followed
regardless.

DISCUSSION

The hand is the distal part of the upper extremity, which
includes the bones of the wrist, metacarpal bones, and
phalanges, as well as ligaments, vessels, and nerves. The wrist
consists of two rows of bones: the proximal row, consisting
of the scaphoid (os scaphoideum), lunate (os lunatum),
triquetrum (os triquetrum), and pisiform (os pisiforme) bones,
and the distal row, consisting of the trapezium (os trapezium),
trapezoid (os trapezoideum), capitate (os capitatum), and
hamate (os hamatum) bones [11] (Fig. 7).

MRI is a leading imaging method for evaluating hand
structures; however, radiography is more commonly used
for initial evaluation [12]. MRI may be used to investigate
the TFCC, which is the structure that provides shock
absorption, because in the neutral position, the TFCC

Fig. 7. Left hand, wrist bones, and magnetic resonance imaging (T1-weighted images, coronal plane). The proximal bone row is marked
in red; the distal bone row is marked in yellow. S, scaphoid bone; L, lunate bone; Tr, triquetral bone; Ps, pisiform bone; Tp, trapezium

bone; Tz, trapezoid bone; H, hamatum, Cp, capitate bone.
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absorbs approximately 18%-20% of the axial wrist load
[4]. Notably, MRI has been shown to be a useful diagnostic
tool in chronic wrist pain to detect central TFCC tears and
lesions at the articulation site with the radial bone, although
ulnar articulation tears are often not visualized [13]. A study
by El-Deek et al. compared the sensitivity, specificity, and
accuracy of MRI and ultrasound (US) in the evaluation of
hand pathology. US was shown to be as effective as MRl in
evaluating tendon disorders and slightly more effective than
MRI in diagnosing carpal tunnel syndrome and presence of
foreign bodies. However, MRl is superior to US in evaluating
TFCC and in assessing edema and characterizing masses
[14]. A study showed that 7T MRI scanners can visualize hand
structures better than 3T MRI scanners [15].

In 2018, the American College of Radiology (ACR)
published guidelines for imaging modalities for chronic
wrist pain (Table 5). However, recommendations regarding
the technical aspects and methodology of hand MRI were
few; further, a special birdcage RF coil is required for better
visualization, and 3T MRI scanners should be preferred over
1.5T or lower ones [12].

Radiofrequency Coils Used for Hand Magnetic
Resonance Imaging

In 2002, a published article presented a birdcage RF coil
optimized for the hands. This coil improved SNR by 50%-90%
[16]. This was reflected in the ACR guidelines at the time [12].

Currently, there are several RF coils for hand imaging.
For example, Siemens (Germany) offers the Hand/Wrist 16
RF coil with 16 channels. The core features of this RF coil
are as follows:

+ Special internal design for quick and easy hand

positioning

» Stabilizing pads to keep the hand in a comfortable

position

+ A holder to shift the center

« Easy installation in the MRI scanner [17]

Vol.5 (2) 2024
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Further, ScanMed (USA) offers a Hand and Wrist MRI
Coil that is compatible with MRI scanners from various
manufacturers, including Siemens, General Electric (USA),
and Philips (the Netherlands). The manufacturer claims
that this wrist, hand, and phalange imaging coil showed a
significant improvement in image quality over a scan area
of up to 8 cm compared to other commonly used coils (e.g.,
knee RF coils, quadrature extremity RF coils, wrist 4-channel
RF coils, etc.). This RF coil enables the patient’'s arm to
be positioned at the side (in the supine position) or above
the head in the superman position (in the prone position).
Moreover, it has two design options with two removable
bases that allow scanning in craniocaudal and caudocranial
directions [18].

Available Equivalents of the Proposed Splint

Peterfy et al. [19] described an equivalent of the proposed
splint presented by Spire Sciences, Inc., wherein the hand is
placed on a special M-shaped acrylic frame so that the thumb
and the remaining four fingers are brought together and are in
the same plane. Then, the hand and wrist are secured to the
frame with a self-adhesive elastic bandage [19].

Patient Positioning Options

There are several ways to position a patient. In the
superman position, the patient is placed in the prone position
with the arm extended above the head so that the wrist is as
close as possible to the isocenter of the magnetic field, which
provides the highest SNR and the most uniform signal.

This is an uncomfortable position for many patients; hence,
the patient can be placed in the supine position with the arms
at the sides of the body. In this position, the hand is away
from the magnet isocenter, resulting in a reduced signal and
consequently poor and uneven fat signal suppression [20].

Other foreign studies described the prayer position, wherein
the patient lies on his/her side with the elbow bent so that the
wrist is next to the face and thus closer to the isocenter of

Table 5. Summary of the American College of Radiology recommendations for the use of radiologic modalities in chronic wrist pain

Purpose/indication

Modality

Primary diagnosis
Radiographic results are inconclusive and the symptoms persist
Diagnosis of arthritis to treat or predict course

Kienbdck's disease suspected

Palpable hand mass or suspected hygroma
Suspected occult or stress fractures of the hand

History of scaphoid fractures and chronic wrist pain to assess
fracture complications

Diagnosis of tunnel syndromes

Radiography
Hand MRI without intravenous contrast enhancement
Hand MRI with/without intravenous contrast enhancement

Radiography; for negative radiograms, hand MRI without
intravenous contrast enhancement

Hand MRI/US without intravenous contrast enhancement
Hand MRI/CT without intravenous contrast enhancement

Hand MRI/CT without intravenous contrast enhancement

Clinical evaluation combined with electrophysiology (stimulating

electroneuromyography). Further imaging is usually not needed;

in some cases, a wrist US or MRI without contrast enhancement
may be indicated

Note: MRI, magnetic resonance imaging; CT, computed tomography; US, ultrasound.
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the magnet [20]. In the Standards of MRI, Bazhin et al. [10]
revealed two similar positioning options: the prone position
with the head toward the magnet bore and arms extended and
raised (the superman position) and the supine position with
the examined arm placed in a neutral position along the body.

Scan Protocols

In the Standards of MRI, Bazhin et al. [10] determined the
following hand scan protocol:

1. T1-WI in the coronal plane
. T2-Wl in the coronal plane
. STIR in the coronal plane
. T1-Wl in the sagittal plane
. STIR in the sagittal plane
. STIR in the axial plane

7. GRE in the axial plane

Nonetheless, the European Society of Skeletal Radiology
Sports Subcommittee [7] recommends the following protocol,
primarily for hand digits:

1. PD-WI FS in the axial plane

2. T1-Wl in the axial plane

oN U1 B~ N
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3. PD-WI FS in the coronal plane

4. PD-WI FS in the sagittal plane

5. STIR in the coronal plane

Moreover, the European Society of Skeletal Radiology
Arthritis Subcommittee [8] recommends the following
protocol for rheumatic diseases:

1. STIR/T2-WI FS in the coronal plane

2. T1-Wl in the coronal plane

3. PD-WI FS/STIR/T2-WI FS in the axial plane

4. T1-WI in the axial plane

5. PD-WI FS in the sagittal plane

6. Contrast-enhanced T1-WI in the axial plane (optional)

Images with Artifacts

A review of hand MRI showed that MRI scans may often
be of low diagnostic value, with low resolution and low
contrast enhancement (low SNR), and present motion or
metal artifacts in the scan field (Fig. 8-10).

The technique to be used for hand MRI to ensure
maximum patient comfort and high image quality remains
controversial.

Fig. 8. Reduced imaging quality because of movement artifacts without using a splint (arrows); (a) T1-weighted images in the coronal

plane; (b) STIR protocol in the coronal plane.

Fig. 9. Reduced imaging quality in a patient with triangular fibrocartilage complex disorder
because of motion artifacts (arrows) and atypical positioning (without a splint); (a) T2-
weighted images in the coronal plane; (b) PD-weighted images with fat suppression in the
sagittal plane.
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CONCLUSION

The hand is a complex anatomic structure. MRI is
a commonly used imaging modality for evaluating the
musculoskeletal system owing to the absence of radiation
exposure, high contrast enhancement of soft tissues, and
ability to detect radiographic abnormalities in the bone
tissue. Several factors should be considered to obtain
high-quality MRI scans, including general MRI precautions,
scan settings, and proper hand fixation in the coil.
Implementation of the proposed splint will standardize
examinations and reduce motion artifacts with convenient
fixation and use. Therefore, following the recommendations
can improve the quality of MRI scans, reduce overall scan
time, and reduce interpretation errors for hand MRI scans.
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Multiparametric Magnetic Resonance Imaging and
Magnetic Resonance Imaging Fusion-Guided Biopsy
for the Diagnosis of Prostate Cancer: Current Status
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ABSTRACT

This review explains the role of multiparametric magnetic resonance imaging, particularly in prostate biopsy, in the detection of
prostate cancer. The use of multiparametric magnetic resonance imaging in the diagnosis of prostate cancer has also allowed
its use in magnetic resonance imaging-guided biopsies, which according to many studies present high sensitivity and specificity
in early diagnosis and staging, in patients with persistently high prostate-specific antigen levels despite previous negative
prostate biopsies, and in the follow-up of patients under active surveillance.

To perform a targeted prostate biopsy, three types of magnetic resonance imaging guidance are available: cognitive fusion, direct
magnetic resonance imaging-guided biopsy performed within a tomograph (in-bore biopsies), and software coregistration of
stored magnetic resonance images with real-time ultrasound using a fusion device, with multiparametric magnetic resonance
imaging findings digitally overlaid on real-time transrectal ultrasound images for targeted biopsy.

Each method has its advantages and disadvantages. Magnetic resonance imaging-targeted biopsy improves the quality of
histological results compared with other approaches, with approximately 90% correct detection of significant index lesions.
Correct staging allows the selection of the best therapeutic options, adequate evaluation of the prognosis, and reduction of
the incidence of new biopsies and complications. The current objective is to make magnetic resonance imaging-guided biopsy
increasingly available and standardize the technique to minimize inter-operator variability depending on the available system.

Keywords: multiparametric magnetic resonance imaging; prostate cancer; fusion biopsy; targeted biopsy.
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Bo3M0OXXHOCTU MynbTUNapaMeTpUUECKOM
MarHMTHO-PEe30HAHCHOW ToMorpaguu npu npoBefeHUu
¢bloXKH-6MoNCcUM NojJ, eé KOHTPONIeM B AMarHOCTUKe
paKa npeacTaTesibHOM Xene3bl: TEKYLWMIA cTaTyC

V. Testini'?, L. Eusebi®, F.S. Guerra', W. Giannubilo*, M. Di Biase®, A. Russo?, G. Guglielmi'?¢

! Yuusepcuter Qomun, Poaxa, Utanus;
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AHHOTALIMA

B naHHoM 0630pe ocBeluaeTcs posib MyNbTUNAPaMETPUYECKOM MarHUTHO-pe30HAHCHOW TOMOrpaguu B BbIABNEHUM paKa
MpeacTaTeNbHON Xenesbl, B 4aCTHOCTM — npu Buoncum npocratbl. Mcnonb3oBaHue MymbTUNapaMeTpUYecKoi MarHUTHO-
pe30HaHCHOM ToMorpaduv B AMArHOCTMKE paKa NpocTaThl NO3BOMSET TaKKe NPUMEHATb eé Ans buoncun. Mynbtunapame-
TPUYECKas MarHUTHO-pe30HaHCHas ToMorpadus, Mo AaHHBIM MHOTWX UCCNEeL0BaHuiA, 0611afaeT BbICOKOW YyBCTBUTENBHOCTbIO
1 cneumdUYHOCTBI B paHHEN OUArHOCTUKE W CTaAMPOBaHMM Y MALMEHTOB C COXPaHSAIOLLMMCA BbICOKMM YPOBHEM NpocTartche-
LM UYECKOro aHTUreHa, HECMOTpS Ha NpeblayLLMe oTpULaTeNbHbIe Brioncuu NpocTaThl, a TaKKe NpyU BeAEHWUM NaLMEHTOB,
HaXOAALLMXCS NOJ, aKTUBHBIM HabNIOAEHUEM.

[lns npoBefieHUs NpuLenbHON Broncun NpocTaThl CyLLecTBYeT TPY TUNA HaBeEHUSA: KOrHUTMBHaAs BbloxH-broncus; npsamas
Buoncus, HanpaenseMas MarHUTHO-Pe3oHaHCHOM ToMorpadueit U BbINosHseMas BHyTpY ToMorpada (in-bore); nporpaMMHas
KOperucrpaums CHUMKOB NpefonepaunoHHoN MarHUTHO-Pe30HaAHCHOM ToMorpaduy ¢ MHTpaonepaLMOHHbIM YIbTPa3BYKOBbIM
MCCNEeA0BaHUEM C MOMOLLBIO BbloXH-YCTPOiicTBa. [1py 3TOM Npu NpoBeAEHUM NpULENbHONA Broncum pesynbTaTbl MyNbTUNA-
paMeTPUYECKOI MarHUTHO-Pe30HaHCHOM ToMorpadui HaKNafbIBaTCA B LMGPOBOM BUE Ha M300paeHUs TPaHCPEKTaNbHO-
ro yNbTPa3ByKOBOro UCCe0BaHUS B PeasbHOM BPEMEHM.

Kaxabll MeToa UMeeT CBOM NpenMyLLecTBa U HepfocTaTku. MpuuensHas buoncus ¢ NoMOLLbK0 MarHUTHO-Pe30HaHCHOM To-
Morpadmm ynydllaeT KayecTBO MCTONOMMYECKUX Pe3ysibTaToB MO CPaBHEHWIO C APYrMU MOAXOLAMM, BbISBAAS 3HaYMMble
WHOEKCHbIE NopaxeHus ¢ TouHocTbio Ao 90%. MpaBunbHoe cTagupoBaHKWe No3BONIAET BbibpaTh ONTUMAaNbHbIE BapUaHThI Jie-
YeHWs, afleKBaTHO OLLEHUTb MPOTHO3, CHU3UTb YacToTy HOBbIX OUOMCHIA M OCNOXKHEHMIA. B HacTosiLLee BpeMs rnaBHas 3ajaya
COCTOWT B TOM, 4T0bbI clenaTb BUoncuio B coUeTaHUM € MarHUTHO-pe30HaHCHOM ToMorpadvein bonee JOCTYNHOM U CTaHAAp-
TU3UPOBaTb TEXHUKY MPOBEAEHMSA MpOLeaypbl, YTO MO3BOJMT MUHUMU3MPOBATb MEXOMEPATOPCKylo BapuabenbHOCTbL B 3a-
BMCUMOCTM OT MCMOJIb3YEMOI CUCTEMBI.

KnioyeBble cnoBa: My/nbTMNapaMeTpuyecKas MarHUTHO-pe30HaHCHas ToMorpadus; pak npefcTaTesibHON XKenesbl;
dbloxH-buoncus; npuuensHasa buoncus.
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INTRODUCTION

In Western countries, prostate cancer (PCa) is the most
frequent noncutaneous tumor in men [1]. According to the
European Association of Urology (EAU) recommendations,
prostate biopsy is the gold standard for PCa diagnosis.

The first diagnostic biopsy method is the random
technique (rather than sextant), with 12 samples taken only
in the peripheral zone [2]. This technique has limitations such
as undersampling (insufficient number of samples in relation
to the prostate volume), oversampling (excessive core
number, with identification of the nonsignificant microfoci),
overstaging, with a diagnosis of nonsignificant tumors
(low sensitivity), understaging, with failure to diagnose
clinically significant cancers (low specificity), and operator
experience-related errors [3].

The new therapeutic trend of active surveillance (AS; for
low-risk tumors and minimally invasive targeted procedures
necessitates more precision in prostate examination,
necessitating advancements in the biopsy approach.

Prostate biopsy is currently recommended for men aged
50-69 years with high serum prostate-specific antigen (PSA)
levels (>3 ng/mL) or abnormal digital rectal examination
findings (nodules, induration, and asymmetry). After the
first set of negative biopsy results, when suspicion of PCa
remains high, the number of samples (i.e., saturation biopsy)
and sampling of the transitional zone should be increased [4].

Since its initial application in 1983, MRI has been widely
used for PCa diagnosis because of its increased availability
and multiparametric imaging, which combines anatomical
and functional data [5, 6].

In 2012, the European Society of Urogenital Radiology
published guidelines based on expert consensus to
standardize the evaluation and reporting of prostate MRI:
the Prostate Imaging Reporting and Data System (Pirads)
[7]. Since then, the Pirads score has been externally
evaluated and found to be reliable for more accurate PCa
detection [8].

In 2019, the Pirads Steering Committee published
updated reporting guidelines describing the assessment
categories and technical parameters described in version 2
of the Pirads [9].

With these premises, the role of multiparametric MRI
(mpMRI) has become central not only in the diagnosis of
PCa but also in biopsy as a tool for correct staging and
assessment of tumor extension (Gleason score [GS]).

The current goal is to make MR-guided biopsy increasingly
available, thereby minimizing interoperator variability
depending on the available system.

METHODS OF MAGNETIC RESONANCE
IMAGING GUIDED PROSTATE BIOPSY

To perform a targeted prostate hiopsy, three types of MRI
guidance are available:
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+ Cognitive fusion, in which the operator visually directs
the transrectal ultrasound (TRUS)-guided biopsy to the
prostate area of abnormalities on mpMRI.
+ Direct MRI-guided biopsy, performed within an MRI
tube (in-bore biopsies): This technique is quite precise
for identifying areas of interest within the prostate;
however, it is time-consuming, expensive, and
impractical because the entire process is performed
within the MRI gantry [10].
« Software coregistration of stored MRI with real-time
US using a fusion device, with mpMRI findings digitally
overlaid on real-time TRUS images for targeted biopsy
(TB). This procedure can be performed using elastic
fusion systems (e.g., Koelis Urostation and Eigen
Artemis) or rigid fusion systems (e.g., Philips Uronav,
Eindhoven, The Netherlands; Medcom BiopSee,
Darmstadt, Germany).
Each method has its advantages and disadvantages.
Despite substantial variation in the sensitivity of detecting
clinically indolent disease across studies, most studies have
shown that the sensitivity of MR-US fusion (cognitive or
device) ranges between 80% and 95% [11].

The main clinical indications for MR-US fusion biopsy
are persistently high PSA levels despite previous negative
prostate biopsies and follow-up of patients on AS [12].

Cognitive Fusion

Cognitive fusion is performed easily and rapidly and does
not require any additional equipment other than an MRI and
a standard TRUS facility. The US operator does not need any
additional training beyond the standard TRUS-guided biopsy.
Cognitive fusion is based on the sonographer’s ability to
localize the region of interest by imaging its location within
the prostate after viewing the worrisome lesion on MRI [12].

MRI and TRUS images are superimposed by a cognitive
overlay during biopsy, which can be performed with a
printed document or by presenting MR images on the screen
of a workstation in the TRUS room adjacent to the TRUS
platform [13].

The physician aims at the target lesion with knowledge of
lesion localization on MRI. The advantages of cognitive fusion
are speed and simplicity; that is, it does not require additional
equipment beyond what is ordinarily necessary for a
TRUS-guided biopsy [14].

However, one of the downsides of cognitive fusion
biopsy approaches is the possibility of sampling error when
attempting to conceptualize the region of interest, which
is particularly problematic for smaller tumors. Another
disadvantage is the inability to track the position of each
previous biopsy.

Despite this, the tumor detection rate of cognitive fusion
is comparable to that of device-mediated fusion, and in most
investigations, both cognitive and device-mediated fusions
appear to be superior to random systematic sampling alone
[15,16].
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The disadvantage of cognitive fusion is the possibility
of human error in extrapolating from MRI to TRUS in the
absence of a real overlay.

Several studies have assessed the value of cognitively
performed TB. Lawrentschuk et al. found that cognitive TB
performed better than random cores, particularly in anterior
lesions [17]. In a retrospective analysis, Haffner et al. compared
TB results with those of 12 random biopsies in 555 patients [18].
A TB approach alone would have required just 3.8 cores per
patient, thereby avoiding unnecessary biopsies in 38% of patients
with normal MRI findings and avoiding the detection of minor
cancer discovered by random biopsies in 13% of cases [18].

In this study, 13 significant cancers were missed with TB
alone, whereas 12 significant cancers were missed with the
standard approach [18].

In another study, Puech et al. discovered that MRI before
biopsy increased the cancer detection rate (CDR) from 59%
by 12-core saturation biopsy (SB) to 65% by cognitive TB [15].

In terms of significant cancer (cancer core length > 3 mm
on any core and GS > 3 + 3), the CDRs were 67% for TB and
52% for conventional biopsies [15].

Labanaris et al. demonstrated that TB allowed for a
90% match between biopsy and surgical GS and indicated
that MRI should be performed before biopsy to decrease SB
underestimation of GS [19].

Thus, current research suggests that MRI-guided biopsy has
higher accuracy and CDRs than standard TRUS-guided biopsy.

Haffner et al. reported that cognitive fusion is no
better than systematic hiopsies in men with questionable
MRIs, highlighting the major risk associated with cognitive
fusion: interobserver variability [18]. Although the present
literature on cognitive fusion shows potential in the hands
of professional cognitive fusionists, most urologists are now
shifting toward commercially accessible device-mediated
platforms because of the lack of tracking and digital overlay.

Direct Magnetic Resonance Imaging Guided
Biopsy is Performed ‘In-Bore’

A radiologist performs direct MRI-guided biopsy
“in-bore,” that is, within the MRI tube, by fusing a previous
MR image indicating a lesion with a contemporaneous MR
image to confirm biopsy needle localization. The transrectal
route is employed. After each biopsy sample, the patient is
scanned to ensure localization. Typically, only a few targeted
cores are taken, and systematic sampling is not conducted.

The in-bore biopsy method provides the benefits of
precision needle placement, fewer sampled cores, and a
low risk of missed targets if they are visible by MRI [20]. Its
disadvantages include greater expense and time consumption
and the inability to regularly sample the residual gland [20].
This is relevant because MRI misses approximately 10% of
severe lesions compared with final RP pathology [21,22].

Quentin et al. showed that in-bore TB has an excellent
significant CDR of 92.2% [23]. Hoeks et al. reported that
265 patients with dubious lesions on mpMRI who had
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previously negative TRUS biopsies had transrectal in-bore TB,
resulting in a CDR of 41%, with 87% of the identified tumors
being clinically significant [24].

The Barentsz group at Radboud University in Nijmegen, The
Netherlands, presented a vast experience with in-bore hiopsy
[25]. The benefits of this procedure include a reduced number of
cores taken, precise localization of the biopsy, and less detection
of insignificant tumors. The downsides of this procedure include
the time and cost, including the in-bore time, and two MRI
sessions are required to obtain the biopsy specimens.

Furthermore, because only suspicious lesions are
sampled, tissues with a “normal” MRI appearance are not
collected, which is problematic because any false-negative
characteristics of prostate MRI are unknown [25].

Fusion of Magnetic Resonance Imaging
and Transrectal Ultrasound

In this method, the operator images the prostate using US,
as has been used for decades. While viewing the prostate, the
MR images of that prostate, in which imaging was performed
beforehand and images were stored in the device, are fused
with real-time US images using a digital overlay, allowing the
target(s) previously delineated by a radiologist to be brought
into the US machine’s aiming mechanism. Fusion produces a
three-dimensional (3D) reconstruction of the prostate, and the
aiming and tracking of biopsy sites occur on the reconstructed
model (Fig. 1 and 2) [25]. Several commercial platforms are
now available, each with a different method of coregistration
and a different hardware platform for lining up the biopsy
with the coregistered picture [3]. Compared with VE, MRI-
TRUS fusion-guided biopsy may have higher reproducibility
because of less operator dependence and delivery of real-
time feedback on actual biopsied areas [3]. The disadvantages
include higher software/device costs, dependence on software
for accuracy, and the associated learning curve and operator
training [26] (Fig. 3 and 4).

This method has the disadvantage of being an indirect
method, requiring the use of an additional device, and
requiring specialized operator training. The benefit is that
it may be performed in minutes in an outpatient clinic
environment under local anesthesia, using techniques that
have been used for years. The results obtained using the
fusion device are highly encouraging [25].

Device-mediated fusion allows for the targeting of biopsies
into previously defined MRI regions of interest using a 3D
rendering apparatus that superimposes saved MR images on
real-time US images, a technique known as coregistration.
Although several commercial MR-US fusion platforms are
available, all use some types of image coregistration and
needle/probe tracking (mechanical or electromagnetic).
These technologies enable the acquisition, storage, and
reconstruction of real-time US images and the creation of
3D maps of lesion locations and prior biopsy sites for future
reference [27]. Because any movement of the patient or the
prostate affects image coregistration, these fusion devices
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Fig. 1. T2-weighted (a) magnetic resonance image (axial plane) showing a hypointense nodular lesion in the peripheral zone at the
apical posterior site. Axial diffusion-weighted MR image (b) with an apparent diffusion coefficient (ADC) (c) of put value x 107 m%/sec
in the corresponding area. Reduced water diffusion in prostate cancer (PCa) is related to increased cellularity of malignant lesions, with
a reduction in the extracellular space and restriction of movement of a larger portion of water molecules into the intracellular space.
Therefore, DWI with the corresponding ADC map provides an important quantitative biophysical parameter that can be used to diagnose
PCa (d). The tumor is characterized by intense early hyperenhancement of the normal adjacent tissue (e). Colorimetric map generated by
the DCE evaluation of PCa in the peripheral area at the apical site. The suspicious area is coded in red (/).

Fig. 2. MRI-TRUS fusion-guided prostate biopsy. The prostate and lesions identified on MR images (in this case, on T2W imaging) are
segmented. During the procedure, a 2D TRUS scan of the prostate was performed. Images were recorded semiautomatically. Co-viewing
images can be tiled or overlaid. By merging the two images, the urologist can locate the lesion during a biopsy using real-time ultrasound
guidance.
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Fig. 3. Magnetic resonance (MR) imaging of prostate cancer: axial diffusion-weighted MR image (up on the left) with an apparent diffusion
coefficient map (down on the left), T2-weighted MRI image (up on the right), and T1-weighted image after contrast media (down on the right).

Fig. 4. Magnetic resonance imaging is fused with real-time TRUS using a digital overlay, allowing the target(s) previously delineated by
a radiologist to be brought into the ultrasound machine’s aiming mechanism. Fusion enables the reconstruction of the prostate, and the
aiming and tracking of biopsy sites occur on the reconstructed model.

also employ dynamic repeat registration methods using In a cohort of >1000 patients, Siddiqui et al. used the
motion-compensation algorithms to guarantee accurate and  Uronav system and conventional 12-core TRUS-guided biopsy
reproducible index lesion targeting [12]. as a reference test and reported that TB diagnosed 30% more

Recent studies have compared the detection of PCa and  high-risk cancers than standard biopsy (P = 0.001) and 17%
severe disease using traditional SB or TPMB as a reference  fewer low-risk cancers (P = 0.002) using primary GS 4 as the
test [22, 28, 29]. significance level [22]. Rastinehad et al. defined GS 3 + 4 as
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clinically significant PCa (sPCa) and reported that 14.3%—-20.9%
of sPCa cases were discovered by TB alone but ignored by the
traditional TRUS technique [30]. Furthermore, 23.5% of cases
were upgraded from insignificant to sPCa through MRI-TRUS
fusion-guided biopsy [30]. In contrast, 4/105 sPCa cases were
missed by MRI-TRUS fusion-guided biopsy [30].

Baco et al. demonstrated that 98% of index tumors
defined as the highest GS or biggest volume in the case of
multifocality with equal GS, were diagnosed by MRI and that
98% of the correct location was diagnosed by MRI-TRUS
fusion-guided TB using the Koelis Urostation® [31].

Regarding public health, Cerantola et al. published a
cost-effectiveness analysis comparing TRUS biopsy with MRI
target hiopsy (MRTB) in 2016. They assessed the cumulative
effects after 5, 10, 15, and 20 years and determined that
including MRI and MRTB in PCa diagnosis and care is a
cost-effective measure after 5, 10, 15, and 20 years [32].

COMPARATIVE STUDIES OF DIFFERENT
TARGETED BIOPSY APPROACHES

Only a few studies have examined the CDRs of various
targeting strategies, and the results are contradictory [26].

Delongchamps et al. reported that cognitive fusion biopsy
was not significantly better than SB in a study comparing VE
with two MRI-TRUS fusion devices; however, both software
coregistration devices tested (Esaote/MyLabTMTwice and
Koelis/Urostation) significantly increased the CDRs compared
with SB in a cohort of 391 patients using conditional logistic
regression analysis [33].

In a prospective trial of 125 men with worrisome lesions,
Wysock et al. compared MRI-TRUS fusion-guided biopsies
using the Eigen/Artemis system with VE targeting [34]. They
found that MRI-TRUS fusion-guided biopsies had a slightly
improved CDR compared with VE for all cancers (32% vs. 26.7%,
P =10.1374) and for GS = 3 + 4 (20.3% vs. 15.1%, P = 0.0523).

Puech et al. found no difference in the CDR of PCa for
rigid software coregistration using MedCom Navigator
versus cognitive fusion TB (53% vs. 47%). Furthermore,
no variations in cancer positivity were observed in the
categories of posterior (46 of 79, 58%), anterior (33 of 79,
42%), or smallest (25 of 79, 32%) MRI targets [15]. In 2013,
Bjurlin et al. conducted a literature review, and their findings
indicated that the use of MRI to target prostate biopsies can
reduce sampling errors associated with conventional biopsy
by providing better disease localization and sampling. They
discovered that increased cancer sampling allows more
accurate risk classification, which may influence therapeutic
decision making. However, the best clinical application of
MRB has not yet been determined [3].

EARLY DETECTION OF PROSTATE CANCER

The US Preventive Services Task Force (USPSTF) updated
its recommendations in 2018, largely based on the publication
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of longer follow-up data from large screening trials and
emerging evidence that the use of AS in low-risk PCa
reduces the harms associated with screening overtreatment.
The USPSTF now recommends that men aged 55-69 years
undergo PSA testing following a discussion with their
clinicians about the relative benefits and harms, although it
still advises against PSA screening in younger men (aged
40-55 years) or those aged >70 years [35].

In the absence of widespread organized PSA testing,
opportunistic testing has become a routine practice in many
EU member countries. However, a recent study revealed
reveals that while this strategy has minimal influence on
PCa-specific mortality, it is associated with overdiagnosis
than organized risk-adapted PSA testing [36]. This lack of
effect is largely attributed to testing individuals who will
not benefit (e.g., those with a 10-year life expectancy)
without sufficient informed decision making [37], as well
as repeated testing in men who are not at risk of developing
severe PCa [38].

Overdiagnosis can be reduced by employing a risk-adapted
detection strategy based on PSA values in conjunction with
risk calculators and mpMRI, which can distinguish between
significant and insignificant PCa and modify treatment
accordingly. As a result, many cases of early PCa diagnosis
can be handled with AS, thereby avoiding overtreatment
[39]. Those with a lower-risk profile may benefit from local
treatment, which has fewer adverse effects and produces
better results than if the condition was diagnosed and treated
later, thereby enhancing or maintaining the patient’s quality
of life [40].

The EAU has created an algorithm to explain a
risk-adapted strategy for PCa detection. This algorithm is
intended for use in well-informed men aged >50 years with a
life expectancy longer than 1015 years. This algorithm clearly
demonstrates how to achieve early detection of serious PCa
while avoiding overdiagnosis and overtreatment. Following a
clinical risk assessment and appropriate counseling, the PSA
test represents the first step in identifying a large proportion
of men with a low PSA value who do not require any further
immediate investigations for 24 years (for those with a PSA
value of 1-3 ng/mL) or 5 years (for those with a PSA value
of 1 ng/mL and aged 60 years) [39].

A risk stratification nomogram (which considers factors
such as age, family history, digital rectal examination, and
prostate volume [PSA density] in a risk calculator) will identify
a subgroup of men (approximately 35% of all men with an
initial PSA test of >3 ng/mL [41]) as those with a low risk who
require clinical follow-up only, avoiding the need for further
testing, including MRI and biopsy. Men with a PSA value of
>3 ng/mL who were classified as intermediate or high risk
would then undergo mpMRI, leading to the identification of a
further subgroup (approximately 54% of all men undergoing
MRI [41]) with a Prostate Imaging Reporting and Data System
(PIRADS) score of 1-2 considered at a low risk of having
sPCa and requiring clinical follow-up only.
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Further risk categorization of men with a PIRADS score
of 3 using PSA density and other clinical characteristics
would reveal an additional category requiring only clinical
follow-up (a PIRADS score of 1, 2 or “low-risk” 3 accounts
for approximately 57% of men tested by PIRADS [41]). As a
result, the remaining subset of the original population could
be regarded as intermediate or high risk and should undergo
targeted and/or systematic biopsy. Within this subgroup,
those with a positive diagnosis and a favorable grading group
(approximately 25% of all confirmed diagnoses [41]) may be
eligible for AS rather than active treatment.

However, as part of a collaborative decision-making
process, all final treatment decisions should consider
the patient’s values and preferences [40]. This algorithm
demonstrates how PSA testing can be used more intelligently
by incorporating risk calculators, such as those developed by
the European Randomised Study of Screening for PC (ERSPC)
and the Prostate Cancer Prevention Trial [42], as well as
mpMRI and the Pirads score [43, 44], to reduce the number
of men undergoing biopsy. The proposed time intervals for
repeat PSA testing depending on age and initial PSA test
result reflect the risk of a future clinically significant cancer
diagnosis [45] and thus help reduce false-positive biopsies.

The risk calculator to be used must also be carefully
selected. Although the ERSPC risk calculator has been well
verified and may thus be regarded as superior, a recalibration
step may be required to account for regional variations in
prevalence and the link between PSA and PCa risk [46].

CANCER RISK ASSESSMENT USING
TARGET BIOPSY

The change from systematic biopsy to image TB raises
significant concerns regarding the clinical care of PCa. More
men should choose AS if new biopsy techniques provide
them with greater confidence.

However, the use of targeted biopsies will be exploited
to justify additional overtreatment. Currently, risk
classification systems based on biopsy results greatly
affect therapy decisions [47]. These systems evolved from
traditional systematic biopsies. When tumors are sampled
more thoroughly with TB, the proportion of positive cores
and maximum CCL are higher than with traditional biopsy
[48,18].

As a result, compared with systematic biopsy, TB
increased risk attribution. In a computer simulation study
that included 107 reconstructed 3D models of whole-mount
prostatectomy specimens, Robertson et al. [49] revealed
this critical issue. They discovered that a 12-core TRUS
biopsy properly categorized only 24% of clinically significant
cancer-containing prostates as high risk, compared with
74% of cases using a transperineal TB with four cores.
Furthermore, the targeted biopsies had a higher proportion
of positive cores and higher maximum CCLs. They concluded
that when risk models derived from conventional TRUS biopsy
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are used for image-directed biopsy, there is a systematic rise
in risk attribution.

At UCLA, one hundred and ninety-four AS men were
treated with MR-US fusion TB, which included systematic
and targeted sampling. Using only systematic biopsy and the
Epstein histological criteria (Gleason score 6, 2 cores cancer,
and 50% of any core), 28% of men were categorized as poor
candidates for surveillance on confirmatory biopsy.

Incorporating TB increased the number of reclassified
patients to 41%. In some circumstances, this is caused by
the discovery of additional dangerous malignancies, whereas
in others (i.e., numerous malignant cores from a single MRI
target), it is the result of using a classification system that
does not consider TB.

Given the inflation in risk attribution, TB may be used to
justify aggressive treatment of more men, exacerbating the
overtreatment problem. To avoid this unwanted effect, new
risk stratification criteria based on image-targeted biopsy must
be developed and verified. Consider a man who underwent a
conventional biopsy with a low-volume GS of 3 + 3 and a TB
with a low-volume GS of 3 + 4. TB combined with device-based
tracking of malignant detects could be used to safely follow
tumors that are now thought to require treatment [47].

INCORPORATION OF MULTIPARAMETRIC
MAGNETIC RESONANCE IMAGING
FUSION-GUIDED BIOPSY WITH RISK
MODELING FOR PROSTATE CANCER

When compared with RP specimens, mpMRI detects
85%-95% of index lesions and sPCa [50]. The use of TB of
dubious mpMRI lesions in a fusion hiopsy context increases
the identification of sPCa by 30% [22].

Multivariate risk-based techniques have been established
to identify men with sPCa while avoiding needless biopsies
[51,52]. A risk calculator based on data from the ERSPC was
created to quantify the sPCa risk. Roobol et al. revealed that
in men with a PCa risk of 12.5%, 33% of routine biopsies
might be avoided [52].

Although TB of mpMRI-suspicious lesions alone is a
potential technique for reducing the overdetection of minor
illnesses, MRI-invisible sPCa can be missed [22, 53, 54].

Unlike Alberts et al., Radtke et al. and van Leeuwen et
al. developed risk calculators and added prebiopsy mpMRI
to clinical parameters to determine an individual sPCa risk
using a validated biopsy approach combining fusion-guided
TB and transperineal systematic SBs as reference on the one
hand and transperineal mapping and TB plus 12-core TRUS
on the other [55, 56].

In the area under the curve (AUC) of the receiver
operating characteristics curve analysis, Van Leeuwen et
al. demonstrated that a model combining age, PSA, DRE,
prostate volume, previous biopsy result, and mpMRI Pirads
Likert score outperformed the model of clinical parameters
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alone with discrimination of 0.90 [56]. In addition to the
model for biopsy-naive men, Radtke et al. internally validated
a risk model for men with a previous negative biopsy that
combined PSA, prostate volume, DRE, age, and mpMRI
Pirads Likert scoring [55]. When compared with a validated
clinical parameter risk calculator and Pirads, the model beat
both instruments [55]. When risk models that include mpMRI
and clinical parameters are compared with risk models that
only use clinical parameters or PIRADS, the accuracy of the
decision to perform a biopsy in a patient with sPCa suspicion
can be increased. In conclusion, risk models that include
mpMRI are superior to risk models that exclude mpMRI not
only for men before initial biopsy but also for patients who
have had previous negative biopsy results [55, 56].

While detection of sPCa can be improved, an unsuspicious
mpMRI or a low PIRADS score cannot be used to justify not
proceeding with a biopsy in the case of PCa suspicion. MRI
fusion biopsy was claimed to help diagnose indolent PCa.
However, finding low-risk PCa can improve patient safety
by avoiding unnecessary treatment and improving disease
monitoring accuracy and reliability when selecting individuals
for AS.

Avoiding Multuparametric Magnetic Resonance
Imaging Fusion Biopsy Failure

Although mpMRI offers helpful details regarding the
diagnostic route for sPCa, mpMRlI fusion biopsy can fail. To date,
four potential mechanisms for mpMRI fusion biopsy failure have
been identified: mpMRI-invisible cancer, improper sampling,
mpMRI reader oversight, and intralesion GS heterogeneity
[57]. Muthigi et al. demonstrated that in 71% of cases when
SB discovered sPCa but TB did not, the malignant finding was
within the sextant of the target lesion, correlating with the
findings of Cash et al., who identified inaccurate sampling as
one of the primary causes of fusion biopsy failure [58].

Similarly, Bryk et al. identified a combination of TB and
ipsilateral SB as the best strategy to detect sPCa and avoid
detection of low-risk PCa in patients with unilateral mpMRI
lesions using TB, and both sided SB as a reference [59]. The
findings of these two studies imply that increasing the number
of samples taken from the target area can help minimize
erroneous sampling and intralesion GS heterogeneity.
However, Porpiglia et al. discovered that two targeted cores
inserted in the center of the lesion are sufficient to precisely
portray the index lesion [60].

More research on this topic is required. The mpMRI fusion
biopsy failure caused by mpMRI-invisible cancer, which has
a consistent negative predictive value (NPV) for mpMRI
of 63%-98%, can only be solved with further SB [61, 62].
However, most groups that combined TB with 12-core SB
found no substantial benefit in detecting sPCa by combining
both approaches over TB alone [22, 63].

In contrast, Filson et al. discovered that the combination
biopsy approach detected much more sPCa than TB or SB
alone [64].
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These controversial results lead to the conclusion that the
superiority of sPCa detection in a combined biopsy approach
compared to a TB-only approach increases with the amount of
SB, but with the risk of finding significantly lower-risk diseases.

The question of whether to omit SB might never be
entirely solved, and decisions should be made individually
according to biopsy indications and patient needs.

The technique used to perform the biopsy is another
point regarding the quality and possible reasons for failure
of mpMRI fusion biopsy.

MULTIPARAMETRIC MAGNETIC
RESONANCE IMAGING FUSION-GUIDED
BIOPSY IN MEN REQUIRING A REPEAT
BIOPSY

Men with a previous negative biopsy and an ongoing
suspicion of PCa should be continuously monitored. Prior
sampling reduces overall disease incidence relative to a
biopsy-naive group; however, individuals with continuous
suspicion for PCa suffer from inadequate NPV of 12-core
TRUS-guided biopsy. MpMRI has been proven in many
studies to be effective in monitoring this patient group and
should thus be suggested in a repeat biopsy setting [65, 1].

Most recent studies have examined these patients as a
subset of a larger cohort; however, some studies have paid
special attention to this patient group: Simmons et al. evaluated
the diagnostic accuracy of mpMRI in men requiring repeat
prostate biopsy (PICTURE study), although only 31% of men had
a previous negative biopsy [66]. When used as a positive test
result, an mpMRI score of 3 has a sensitivity of 97%, specificity
of 22%, NPV of 91%, and positive predictive value of 47% [66].

The authors conclude that a repeat biopsy can be avoided
in 14% of men at the cost of missing 9% of sPCa [66]. Hansen
et al. reported a significantly improved AUC when Pirads and
PSA density were combined (0.82 vs. 0.85), implying that
repeat biopsy should be avoided only in cases of worrying
mpMRI and low PSA density [67]. Again, data are unclear
on when it is safe to exclude SB. Arsov et al. compared
in-bore TB to fusion-guided TB plus 12-core TRUS-SB in a
prospective randomized experiment. They discovered that
adding SB had no further benefit in detecting sPCa [10].

In contrast, recent papers comparing TB alone methods
with 24- or 12-core SB reveal that TB alone misses a
significant amount of sPCa [67].

MULTIPARAMETRIC MAGNETIC
RESONANCE IMAGING FUSION-GUIDED
BIOPSY IN MEN UNDER AS

Men with PCa who are eligible for AS are another
important patient category because proper risk
assessment of potentially less serious conditions is
essential. To achieve this purpose, mpMRI in conjunction



https://doi.org/10.17816/DD623183

REVIEWS

with fusion biopsy can aid in initial candidate screening
and disease progression monitoring. Radtke et al.
analyzed in a sample of 149 men whose initial mpMRI and
fusion biopsy before AS resulted in significantly reduced
rates of later AS qualifying (20% vs. 48%) during a 2-year
follow-up compared with those selected for AS based on
12-core TRUS-guided biopsy [68].

These findings are supported by Henderson et al., who
revealed in a prospective study that the apparent diffusion
coefficient (ADC) is a good marker for choosing patients for
AS because a low ADC value is associated with a shorter time
to unfavorable histology [69]. Several recent studies have
examined mpMRI and fusion biopsy for disease progression
detection. Most of them reveal that mpMRI accurately predicts
the likelihood of clinical progression and that patients with
stable mpMRI findings have a low probability of developing
the disease [70-72].

The inclusion of clinical criteria in the decision-making
process appears to be advantageous when selecting patients
for AS. Alberts et al. discovered in a cohort of 210 men
without upgrade at baseline, confirmatory, or surveillance
biopsy in instances of unsuspicious mpMRI and PSA density
<0.15 ng/mL, implying that follow-up biopsy should be
avoided in these individuals [10]. However, whether following
up with fusion biopsy confined to mpMRI-visible targets is
sufficient is still being debated. Meng et al. and Frey et
al. showed that on combined SB and TB follow-up mpMRI
fusion biopsy, TB detected significantly more upgrades than
SB, supporting the rationale for removing SB [70, 53].

Conversely, Tran et al., Ma et al., and Recabal et al.
found that a significant fraction of higher-grade malignancies
could only be diagnosed by SB, suggesting the necessity for
additional SB [71, 72]. These contradictory results can be
explained in part by differences in study parameters such
as median TB and SB cores; however, they also highlight
the need for additional research on long-term results, serial
mpMRI for replacing repeat biopsies, and sufficiency of
follow-up biopsies limited to mpMRI targets.
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ABSTRACT

Global political and socioeconomic changes have caused a huge strain on the healthcare system. To transition into a new
level of medical care, modern technological solutions are needed. Accelerated development of innovations in medicine and
the formation of a personalized approach will improve the quality and accessibility of medical services. One of the directions
of healthcare development is the use of digital technologies and remote monitoring in assessing the health indicators of
citizens. Currently, the federal project of remote monitoring of patients with arterial hypertension, named, “Personal Medical
Assistants,” is being implemented in the Russian Federation. Similar to any new technology, remote monitoring has advantages
and disadvantages. In this article, a strategic analysis (SWOT-analysis) was performed, considering medical, economic, social,
and political aspects that may affect the results of the federal project. For effective implementation of remote monitoring
technology in clinical practice, the strengths and weaknesses in the healthcare system and the state as a whole must be
emphasized. SWOT-analysis can be used in formulating strategies for the widespread use of new digital technologies in clinical
practice.
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AHHOTALIMA

B cBs31 ¢ rnobanbHbIMK NOAMTUHECKUMU U COLMANBHO-3KOHOMUYECKUMU U3MEHEHWAMI CUCTEMA 3 PaBOOXPAHEHUS UCTIbIThI-
BaeT OTPOMHYH Harpysky. [lepexof, Ha HOBbI YPOBEHb OKAa3aHUA MeLULMHCKON NoMoLLy TpebyeT BHePEHUS COBPEMEHHBIX
TEXHONIOrMYECKUX PeLLIEHUi. YCKOpeHHOe pasBUTUE MHHOBALMIA B MeauLMHE U GOPMUPOBaHUE NEPCOHANM3MPOBAHHOMO MOJ-
X0/a MO3BOJIUT NMOBLICUTb KAYeCTBO U JOCTYMHOCTb MEAMULMHCKUX YCAYT.

OAHMM K3 HanpaBNeHWN pasBUTUSA 3[PaBOOXPaHEHUA ABNSAETCS UCMONb30BaHUe LMGPOBLIX TEXHONOTUI U MPUMEHEHWE AMC-
TaHLMOHHOTO MOHWTOPMPOBAHUS AfA OLEHKM MOKa3aTeniel 3[40poBbs rpaxaaH. B HacToswee Bpems Ha Tepputopum Poc-
cuiickor Pepepaunn peanusyetca QepepanbHblil NPOEKT AMCTAHLMOHHOTO HabmoAeHUs 33 MauMeHTaMW C apTepualbHoM
runepteHameit «[lepcoHanbHble MeaMUMHCKUE NOMOLLHMKKM». KaK 1 niobas HoBas TeXHONOrusA, AUCTAHLMOHHOE MOHUTOPH-
pOBaHWe MMEET CBOW NPeUMYLLIECTBa M HepfocTaTku. B maHHol cTatbe npoBeféH cTpatermyeckuit aHanms (SWOT-aHanus),
a TaKkXKe pacCMOTPeHbI MeAULMHCKWE, IKOHOMUYECKME, COLMANbHBIE U MOSIMTUYECKME acMeKTbI, KOTOPbIE MOTYT OKa3aTb BJIU-
SIHWE KOHeYHbIN pesynbrat defepanbHoro npoekTa. [Insa addeKTMBHOro BHeAPEeHNUS B NPaKTUKY TEXHOMOMMM AUCTaHLMOHHOIO
MOHMTOPUPOBaHUA TpebyeTcs aKLeHTyauus CUbHBIX M npopaboTka cnabbix CTOPOH KaK B CUCTEMe 3ApaBOOXpaHEHUs, TaK
1 B rocynapctee B LenoM. [poeaéHHbIn SWOT-aHanms MoxeT ObiTb MCMNO/b30BaH 1A NOCTPOEHUA AarlbHeliLei cTpaTernm
LUMPOKOr0 UCMOJIb30BaHMSA B KIMHUYECKOW NPAKTUKe HOBbIX LIMPPOBbLIX TEXHONOMUIA.

KnioueBble cnoBa: SWOT-aHanus; guctaHUuoHHoe MOHUTOPUPOBAHUE; apTepualnbHoe AaBJiEHNE; q)e,u,epaﬂbele MPOEKThbl;
nepCcoHasibHble MeAULUMHCKME NOMOLLHNKKY; 30paBO0XPaHeHKe.
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INTRODUCTION

Healthcare systems are currently under great strain
due to sociodemographic (e.g., decreasing working-age
population, population aging, and increasing population with
chronic noncommunicable disease risk factors) and economic
(e.g., economic volatility and understaffing of healthcare
facilities) factors [1-4].

Scientific and technological advancements in medicine
and healthcare systems allows finding solutions to some
existing problems. Digital transformation in healthcare
requires innovative approaches for providing medical care
[5]. Remote monitoring based on automatic reporting of the
patient's health status is a key technology for personalized
medicine [6]. The wide clinical use of innovative remote
monitoring technologies is crucial in healthcare as it can
determine the risk factors of chronic noncommunicable
diseases [7-11].

Strengths, weaknesses, opportunities, and threats (SWOT)
analysis is a universal tool for strategic analysis. It is applied
in all sectors of the economy (commercial, nonprofit, and
governmental organizations) to assess brands, products, and
projects. A benefit of SWOT analysis is the ability to examine
external and internal factors, determine the relationship
between strengths and weaknesses, and evaluate external
threats and opportunities [12].

Hypertension is a common health condition and
significant modifiable cardiovascular risk factor [4].
According to research, in Russia, the prevalence of
hypertension is constantly high, reaching 40%-45%. The
current population aging in Russia can further increase the
number of hypertension patients [3]. Epidemiological studies
of hypertension performed in Russia between 2010 and
2020 revealed several unresolved challenges in providing
medical care, including unwillingness of patients to take
medicines, failure to reach the target blood pressure (BP) on
antihypertensive therapy, and low motivation and BP control
in rural areas [2].

Successful BP control is an effective preventive strategy in
cardiovascular diseases'. A meta-analysis of 61 randomized
clinical studies showed that a decrease in BP even by
2 mmHg resulted in a decreased mortality due to stroke
and coronary heart disease; moreover, effective and timely
hypertension therapy could be life-saving for approximately
30% of patients [13].

Suboptimal BP control by patients is a global concern
[14]. In most countries, poor compliance and irregular or
nonexistent physician visits for hypertension management
are believed to be the main reasons for unsatisfactory control
of the disease [15]. Low compliance with antihypertensive
therapy prevents from reaching target BP levels and raises
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Digital Diagnostics

hospitalization rate and duration, thus increasing healthcare
system expenses [8].

Currently, Russia is undertaking large-scale initiatives
to implement remote BP monitoring. Therefore, a SWOT
analysis of this strategic task is critical.

S: STRENGTHS

Remote monitoring of patients with cardiovascular
diseases using wearable devices is regarded feasible,
because these devices are efficient, readily available,
small-sized, and user-friendly for prolonged use. Moreover,
they enable remote monitoring of patients in a comfortable
environment (at home) and provide prompt alerts on
events that require emergency care or hospitalization [7].
Some wearable devices do not require hospital visits for
maintenance. Their operation can be controlled remotely,
which is critical for patients living far from large cities with a
well-organized cardiovascular care service, including in rural
areas [9]. Telemedicine solutions provide several benefits,
including easy planning of monitoring and treatment [16] and
easier communication between patients and physicians [17].

Patients who use remote technologies can better observe
and understand the association between their daily behaviors,
such as diet, sleeping habits, and adherence to medication,
and health. Telemedicine technologies allow patients to
monitor and record their health parameters. This raises
awareness and encourages patients to take better care of
their health [18, 19]. Patients benefit from telemedicine
because it allows for long-term monitoring, long-term
disease control by physicians, greater patient health literacy,
and convenient communication without the need for hospital
visits [20, 21].

Furthermore, remote monitoring increases access to
healthcare in remote areas [22]. A healthcare professional
(physician or physician assistant) can assess the patient's
daily activities and behaviors, allowing for timely treatment
plan adjustments [23]. Moreover, a study showed that BP
levels measured at home are closer to actual levels, because
stress caused by hospital visits and the white coat effect are
avoided [24].

Healthcare facilities using remote technologies have
various advantages, such as more patients enrolled in care,
improved satisfaction with treatment, and more capacity in
the facility owing to effective remote consultations. A direct
short-term economic effect remains to be demonstrated;
nevertheless, the long-term cost-effectiveness of these
solutions is clear [19, 24, 25].

Several foreign studies have shown the cost-effectiveness
of telemetric reporting of BP self-monitoring [26—29]. Russian
studies have assessed the potential socioeconomic effect of

! WHO. Global report on hypertension. The race against a silent killer. Geneva, 2013. URL: http://apps.who.int/iris/bitstream/handle/10665/79059/

WHO_DCO_WHD_2013.2_rus.pdf Last accessed: February 13, 2023
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remote technologies in patients with elevated BP. According
to mathematical estimates, in a region with a population
of 1 million, with 30% involved in remote monitoring, over
600 patients could be spared over 5 years, and with 90%
involved in remote monitoring, about 2,000 lives could be
saved [30].

Additionally, economic benefits to patients have been
confirmed. BP self-monitoring is more effective than standard
therapy in both men and women (assuming the effect of
lowered BP was maintained for at least 2 years in men and
5 years in women) [20]. Notably, long-term monitoring was
not associated with reduced quality of life [31]. Furthermore,
other studies demonstrated a varying economic effect of
short-term use of remote technologies; however, this effect
becomes apparent starting from 2 years of use [19, 20].

Thus, the advantages of remote monitoring in patients
with hypertension include the possibility of BP control and
improved access to healthcare in remote areas, providing
long-term economic benefits both for patients and healthcare
facilities.

W: WEAKNESSES

Despite the advantages of remote monitoring, several
weaknesses have been discovered when using digital
technologies for BP monitoring in clinical practice, which
should be considered when upscaling ongoing and future
projects.
Low technology literacy of patients is a limiting factor
for remote monitoring. Many patients are unfamiliar with
new possibilities and hence unable to integrate them in their
everyday life [32]. This is especially true for older patients
and requires training to extend the group of patients who
comprehend and actively use remote monitoring systems
[31].
Personal characteristics and emotional profile of patients
considerably affect the efficacy of implementing innovative
technologies [33]. A study conducted at the University of
Pennsylvania investigated patient interaction phenotypes
with a remote BP monitoring system. Three main patterns of
engagement style were observed:
+ The enthusiast, who tended to submit unprompted
messages with high word counts (10.9%)

+ The student, who inconsistently engaged with the
remote monitoring system (22.6%)

« The minimalist, who engaged only when prompted
(66.5%)

A significant association between the communication
pattern and reaching the target BP was observed only
in the group of patients demonstrating the minimalist
communication style (P < 0.001) [34].

A study conducted in Belgium examined the effect of
anxiety and depression on adherence to remote monitoring
in women with pregnancy-induced hypertension using PHQ-9
and ECR-R questionnaires. The moderate adherence group
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showed significantly higher anxiety and depression levels,
whereas no such association was observed in patients with
good adherence and over-adherence [35].

Many patients are concerned about personal data safety;
hence, some patients refuse to employ biometric data
monitoring devices. Some of these patients, who finally
consent to use monitoring devices, show high anxiety and
depression levels [36].

According to some studies, the absence of interpersonal
interaction could hinder the widespread use of remote
monitoring [37]. A previous study found that patients valued
such communication components as the ability to visit a
hospital, meet a physician personally, and ask questions [38].
Moreover, the patient’s passive role in remote monitoring is
a risk factor, as evidenced by the absence of adequate and
timely responses from physicians to suboptimal BP control
[391.

The duration of remote monitoring has a significant effect
on compliance. Short-term programs showed good adherence
to monitoring in approximately 80% of 1,662 patients; 87% of
patients found this monitoring option useful and convenient
[40]. In long-term follow-up, the number of active patients
decreased: an observational clinical trial using the Hello
Heart software found that nearly half of patients ceased
keeping the electronic diary between 3 months and 1 year
[41]. Russian studies revealed similar tendencies: manual
reporting of measurements is associated with low adherence
to remote monitoring [42, 43]. More than 50% of patients in
these studies discontinued monitoring, with most of these
cases observed during the first 1.5-3 months of monitoring.

Research showed that patients require extensive
support from healthcare professionals to use telemedicine
technologies independently and regularly [16]. Moreover,
some patients struggle to understand and follow the rules of
remote monitoring [44] and resort to self-medication, which
poses significant health risks [24].

In addition to the patient-related limitations of remote
monitoring, weaknesses associated with the processes and
staff management in healthcare systems were noted.

Russian studies revealed that outpatient physicians are
hesitant about the widespread use of remote monitoring
because of a lack of practical experience. For example,
Kalinina et al. conducted a survey of 93 physicians from
6 outpatient clinics in Bryansk [45]. The survey found that
respondents struggled the most with questions on the
organizational structure of remote monitoring. More than
34.4% of physicians were unable to convey their opinions on
the feasibility of establishing a separate system for follow-up
remote monitoring, despite this topic being widely discussed
presently. Thus, practitioners today cannot comprehend
the functions of such an organizational structure. Further,
the survey highlighted the ideas of physicians on potential
barriers to the implementation of remote monitoring in
follow-up care. The majority of respondents (80.6%) indicated
insufficient time for monitoring as a barrier; economic
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reasons (cost of equipment) were mentioned by 44.1%,
technical issues by 45.2%, and challenges in patient training
and uncertain reliability of data collection and reporting tools
by 39.8%.

Additionally, several foreign countries have observed low
digital literacy and reluctance among healthcare professionals.
Shaw et al. highlighted the factors reducing technology
acceptance by nurses, including additional workload, the
need for integration into existing work processes, additional
contacts with patients, and understaffing [25]. Moreover,
physicians expect the use of telemedicine to increase the
workload in the long term [19, 24, 46]. Practitioners are
concerned that the cost of remote monitoring will exceed
the insurance amount [46], leveling off the economic benefit
[21]. Moreover, implementing this technology may make the
professional roles in healthcare less clear [18].

In addition to staff-related limitations, economic factors
significantly impede future development of information
technology in follow-up care.

For example, when incorporating remote technologies
into clinical practice, the high cost of devices and the need
to train healthcare professionals in their use may become a
barrier. Furthermore, the limitations of regulatory documents
and the lack of general guidelines for the use of remote
monitoring should be considered [10]. Another weakness
is low engagement of insurance companies in the field of
telemedicine for BP monitoring [39].

The development of remote monitoring technology
demands attention to another poorly addressed issue, namely,
the time and effort required for the physician to regularly
assess the measurements obtained by patients at home and
provide remote consultations during monitoring. Moreover,
physician labor costs increase, because patients need to
be trained on how to use applications. This issue requires
adjustments in working time management and modifications
in the compulsory/voluntary healthcare insurance system or
the introduction of new sources of funding by a healthcare
facility [22].

The third group of weaknesses of remote monitoring in
hypertension includes methodology-related issues. The most
significant unresolved difficulty is the diagnosis of white
coat and masked hypertension based on office or home BP
measurement. The PAMELA study found similar BP levels
when measured at home and during ambulatory blood
pressure monitoring [47]. Another study found variations
in the diagnosis of white coat hypertension based on home
BP measurement and ambulatory monitoring in 13% of
participants [48]. Regarding masked hypertension, only 57%
and 45% of patients with hypertension confirmed by elevated
systolic and diastolic BP, respectively, had similar BP levels
during home monitoring. However, the systolic and diastolic
BP levels varied in 23% and 30% of patients, respectively
[49]. Therefore, home BP monitoring confirms the diagnosis
in the case of elevated office BP, whereas ambulatory
monitoring is most effective in the diagnosis of masked or
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white coat hypertension [49]. The disparity in findings does
not imply that one method is inferior to the other. Despite
appearing similar, the methods address different aspects of
the BP profile [50, 51]. According to Barochiner et al., the
diagnosis of masked hypertension based on home monitoring
can be rarely established owing to low reproducibility of
office measurements (Cohen’s kappa coefficient k = 0.19;
95% confidence interval: 0.0002, 0.38; P = 0.02) [52].

Currently, no clear guidelines for addressing variations
between office and home BP measurements have been
established; thus, overtreatment and undertreatment
are possible. This is not a limitation of telemedicine, but
rather a methodological feature of hypertension detection.
Home BP monitoring and reporting should be standardized
to prevent bias in the assessment of findings and data
misrepresentation [53].

When making therapeutic decisions, reliability of home
BP measurements is critical. Technical errors or blood
pressure monitor malfunction may result in inaccurate BP
measurements. Hence, BP monitors should be validated
and tested for accuracy. Furthermore, the data should be
compared to measurements taken by a qualified healthcare
professional. In addition to the technical serviceability of the
BP monitor, a properly sized cuff is required. According to
NHANES, 51% of adults in the USA, including 65% of patients
aged 18-34 years and 84% of patients with obesity, required
large or very large cuffs [54-56].

Thus, remote monitoring technology for hypertension
is not free of weaknesses. Low digital literacy, distrust of
innovative technologies, and the desire to maintain current
patient—physician interaction style hinder the widespread
use of this technique. Moreover, healthcare professionals
show a certain degree of reluctance: a potential increase
in time and labor input due to additional work results in a
hesitation over the widespread use of remote monitoring.
The methodological and technical challenges of remote
monitoring in patients with hypertension result in a less than
enthusiastic attitude toward this technology in the medical
community.

0: OPPORTUNITIES

Despite its weaknesses, remote BP monitoring in
patients with cardiovascular diseases has shown favorable
outcomes, including a significant reduction in hospitalization
rate and duration, a decrease in mortality, and improved BP
control compared to standard therapy and follow-up. In the
TEN-HMS study (UK, Germany, and the Netherlands), the
1-year mortality in the control, remote monitoring, and
structured telephone support groups was 45%, 29%, and
27%, respectively [10]. A meta-analysis of 46 randomized
clinical studies assessed the efficacy of remote BP monitoring
compared to standard hypertension management. Remote
monitoring was associated with a decrease in office systolic
and diastolic BP by 3.99 mmHg (P < 0.001) [11]. The Home BP
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study (UK) demonstrated improved systolic BP control when
using a remote monitoring system. The mean difference in
systolic BP was 3.4 mmHg (95% confidence interval: 6.1, 0.8;
P < 0.05) [57].

Bubnova et al. conducted a study in 342 hypertension
patients and found that remote monitoring provided
significant benefits regarding the number of emergency calls,
hospitalization rate, and time on sick leave. After 12 months,
92.2% of patients in the treatment group and 43.3% of
patients in the control group achieved the target BP level [58].

Remote monitoring enables the collection of large amounts
of patient data. Big data and intelligent computer systems
have an increasing effect on conventional approaches in
medicine [59, 60]. Data collection and integration and feedback
to a physician will be automated. Big data collection from
various devices, trend prediction via machine learning, and
long-term analysis of vital and geographical characteristics
will help improve our understanding of cardiovascular disease
development on a population level [61].

Improvements to remote monitoring systems may
make them more adaptive and flexible. For example, if a
patient struggles to follow the remote monitoring protocol,
a behavioral module will activate, adapting to the patient’s
needs to help overcome the challenges. Drug prescription
algorithms can also be automated: large datasets allow for
case-by-case analysis and real-time decision-making [62].

Remote monitoring has been widely used in healthcare
systems of the USA and Europe, confirming its long-term
economic and clinical efficacy. Telemedicine allows for more
effective health management and efficient utilization of
limited medical resources:

+ Less time spent on follow-up visits and selecting

effective antihypertensive therapy

+ Improved BP control in hypertension and the resulting

decrease in complication rates

» Shorter hospital stay for complications of hypertension

+ Implementation of the technology in remote areas and

consistently understaffed healthcare facilities

« Improved availability and quality of medical care for

patients with disabilities [40]

T: THREATS

In the implementation of remote monitoring, several
threats were identified that limit its wide clinical use.

The development of remote monitoring requires
wide implementation of advanced solutions and modern
technologies in healthcare systems. However, the current
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geopolitical environment has its own rules. Previously, most
information technology (IT) products and their components
were imported, which was significantly more convenient
than developing domestic solutions with a long pay-off
period. Thus, Russia became severely disadvantaged by
sanctions due to weak domestic IT infrastructure. Major
western IT companies, such as Microsoft, Oracle, Cisco,
IBM, Adobe, SAP, Intel, and AMDZ, have limited their
activities or stopped operating in Russia. According to
Dmitry Pshichenko, lecturer of the IT Management School
of the Russian Presidential Academy of National Economy
and Public Administration, the main risks are currently
associated with data security and server maintenance,
because the majority of western software is cloud-based,
and purchasing components for maintenance is difficult.
This affects the development of digital technology in
medicine®,

In addition to software issues, the Russian IT industry
faces a shortage of expertise. According to Vice Prime
Minister Dmitry Chernyshenko, the deficit of IT specialists
currently stands at 1 million people®, with projections of 2
million by 2027. This impedes the rapid development of the
IT industry, particularly in healthcare.

Furthermore, economic issues and resource shortages
may cause delays in digitization. According to the HSE
University, the healthcare industry spent 39.5 billion rubles on
the development, distribution, and use of digital technologies
and related products and services in 2019, which accounted
for 1.6% of the total industry gross added value. When
compared to total expenses, the share of expenses for
digitization does not exceed 0.6%-0.7% [63].

In 2021, healthcare digitization expenses accounted for
2.6% of the total economic activity. When considering the
expenses of Russian companies for digitization, the share of
healthcare has increased insignificantly over the last 2 years:
1.6% in 2019 and 2.2% in 2020.

Cybersecurity concerns add to the doubts in the use
of remote monitoring systems. Telemedicine involves the
collection of large amounts of data, which should be stored
in a specific manner to prevent them from being leaked into
open sources. Fraudsters may gain access to patient data
and use it for criminal purposes®.

According to Kaspersky Lab, 54% of healthcare facilities
use outdated software, because of the high cost of updates
and issues with old and new system compatibility. A lack of
updates makes a system more vulnerable to cyberattacks;
attackers can break into the corporate system and use the
databases for their own gain. According to statistics, owing

Gone for good: IT companies that have exited Russia. URL: https://hightech.fm/2022/05/26/it-companies-went-away. Last accessed: March 1, 2023

3 Major risks in IT stem from a shortage of expertise. URL: https://rg.ru/2023/02/17 /vitaiut-v-oblakah.html. Last accessed: March 1, 2023

This year, the number of certified IT companies in Russia has grown sevenfold. URL: https://www.ixbt.com/news/2022/10/24/v-jetom-godu-

akkreditovannyh-itkompanij-v-rossii-stalo-v-sem-raz-bolshe.html. Last accessed: March 1, 2023

The risks, threats, and lack of systemic approach in digitization. URL: https://www.infowatch.ru/resources/blog/tochka-zreniya-kasperskoy/o-

riskakh-ugrozakh-i-otsutstvii-sistemnosti-v-tsifrovizatsii. Last accessed: March 1, 2023
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to increased vulnerability of Russian medical systems,
32%, 32%, and 30% have experienced data leaks, DDoS
attacks, and ransomware attacks, respectively®. A study by
Buldakova et al. identified potential threats to information
security: data leaks can occur at almost any point, from
sensors and cloud-based medical information systems to
healthcare professionals and patients [64]. Furthermore,
the rapid development of mobile technologies and
m-Health has resulted in numerous mobile applications
and ready-made wireless devices. The majority of them
have not been certified [65, 66] and thus cannot be used
as medical devices, because of noncompliance with
cybersecurity rules (such applications are only suitable
for use by patients) [67].

Certain issues with remote monitoring are related
to remote patient identification. Accurate and reliable
identification of the patient being monitored is
challenging. Hence, remote monitoring cannot be used
in expert settings or in problematic situations, and the
patient is solely accountable for the appropriate use of
devices [68].

CONCLUSION

The widespread use of remote monitoring technologies
in Russia requires large-scale threat analysis, which is not
limited to healthcare. In our country, medicine advances at the
same rate as IT. Digitization in medicine cannot be considered
a standalone industry; it is linked to external and internal
factors and political, economic, and social considerations.
Certainly, healthcare-specific aspects (personal data and
patient confidentiality) should be considered. However, the
foundation for the development of IT solutions in Russia is
consistent.
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ABSTRACT

This narrative review describes the current status of imaging in the evaluation of bladder cancer, considering conventional
technologies such as ultrasonography, computed tomography urography, and magnetic resonance imaging, as well as novel
technologies such as contrast-enhanced ultrasonography and dual-energy computed tomography.

The article is organized by first presenting an introduction on both the anatomy of the bladder (to understand its normal
appearance on imaging) and the main features of bladder cancer with reference to epidemiology, clinical picture, classification,
and treatment. Subsequently, the role of imaging is discussed, with an explanation of the technique and applications in bladder
cancer assessment for each modality.

Imaging plays a critical role in the detection and staging of bladder cancer. In particular, the role of magnetic resonance imaging
is expanding because it enables differentiating muscle-invasive bladder cancer from non-muscle-invasive bladder cancer
using the Vesical Imaging-Reporting and Data System (VI-RADS), along with conventional technologies, such as computed
tomography urography and ultrasonography. Contrast-enhanced ultrasound and dual-energy computed tomography are new
imaging modalities that offer special advantages and provide the right approach to patients with oncological conditions. This
review ends with the presentation of integrated imaging modalities such as positron emission tomography combined with
computed tomography or magnetic resonance imaging, which are promising methods for bladder cancer staging.

Keywords: urinary bladder neoplasms; ultrasonography; multiparametric magnetic resonance imaging; diagnostic imaging.
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TpapUUMOHHbIE U UHHOBALMOHHbIE METOADI
BU3yaJi3aLUM NpU paKe MOYEBOro Ny3bips:
TeXHONOrUa BbINOJIHEHUS U NPUMEHEeHue
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W. Giannubilo?, G. Guglielmi'**
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AHHOTALIUA

B craTtbe onucaHbl coBpeMeHHble MeTOAbI BU3yanu3aLmm Mpu OLEHKE paka MOYeBOro My3blps C YY4ETOM TPAAMLMOHHBIX TEX-
HOMOrMiA (yNbTpa3ByKOBOE MCCNEL0BaHWE, KOMMbOTEPHO-TOMOrpaduyeckas yporpadms u MarHUTHO-pe3oHaHCHas ToMorpa-
dus), a TaKKe HOBbIX TEXHONOTWM, TaKUX KaK yNbTPa3ByKOBOE MCC/e0BaHME C KOHTPACTHBIM YCUIIEHUEM U ABYX3HEpreTuye-
CKas KOMrboTepHas ToMorpadus.

B Havane cratbu npeactaBneHbl 06LMe faHHbIe 06 aHaTOMUKM MOYEBOrO My3blps ANS NMOHUMAHMA €ro HOPMasbHOro BHELL-
Hero BUAa Npu BU3yanu3aLum, a TakKe 0CHOBHble 0COBEHHOCTW paKka MOYEBOr0 My3blpsi C YYETOM 3NMAEMUONOTUM, KITUHU-
YECKOM KapTuHbI, KnaccuuKkauum 1 nedyenns. 3ateM obcyAaeTcs ponb Kaxaoro MeToda BU3yanu3aumm ¢ 06bscHEHUEM
TEXHWK BbINOHEHUS NPOLEAYPbl U MPUMEHEHUS B OLIEHKE paKa MOYeBOro My3bipsi.

Busyanusauus urpaeT BaHeliLyo pofib B BbISBIEHWW U CTAAMPOBaHWM paka MoYeBOro ny3bips. B yacTHocTy, B nocnefHee
BpeMS BO3pacTaeT poJib MarHUTHO-PE30HAHCHO TOMorpaduu, KoTopas, AONOSHAA Pe3ynbTaTbl KOMMbOTEPHO-TOMOrpaduye-
CKoW yporpaduv U ynbTpa3ByKOBOr0 MCCNeA0BaHMUs, No3sosisfeT AuddepeHUMpoBaTh MbILLEYHO-UHBA3UBHBIA PaK MOYEBOr0
My3blps OT HEMBILLEYHO-MHBA3WUBHOMO C MOMOLLbIO CUCTEMbI OTHETHOCTM M AaHHbIX 0 Bu3yanusaumm (VI-RADS). Ynbrpassy-
KOBOE WCCNeAO0BaHUe C KOHTPACTHBIM YCUNIEHWEM U ABYX3HEpreTMyeckas KOMMbloTepHas ToMorpadus — HoBble MeTofbl
BM3yaNin3aumu, KoTopble 061afatoT 0cobbIMKU NperMyLLLeCTBaMU M 06eCrieunBaloT NPaBUIbLHBIA NOAX0S, K MALMEHTY C OHKONO-
rM4eckuMm 3abonesaHuamu. B KoHue 063opa npefcTaBnieHbl KOMOMHUPOBaHHbIE METOAbI BU3YaNnn3aLuy, BKIIOUakoLMe no-
3UTPOHHO-3MMCCUOHHYI0 TOMOrpaduio, COBMELLEHHYH) C KOMMbIOTEPHOW UM MarHUTHO-Pe30HaHCHON ToMorpadven, KoTopble
TaKXKe NepcneKTUBHBI NPY CTaAUPOBAHWM paKa MOYEBOTO My3bips.

KnioueBble cnoBa: HOB006pa3OBaHVI$| MQOYeBOro nysblpd; ynbTpa3ByKoBOE WCCiieaoBaHUe; MynbTUNapaMeTpuyecKas
MarHuTHO-pe3oHaHCHasA TOMOFpa¢JI/IFI; [MarHocTnyecKaa smM3yanusauus.
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INTRODUCTION
BLADDER ANATOMY

The urinary bladder is a subperitoneal, hollow muscular
sac that serves as the reservoir of urine and allows its
expulsion. This highly deformable organ is located in the
pelvic cavity, behind the symphysis pubis, and below the
parietal peritoneum. The size and shape of the urinary bladder
change depending on how much urine it holds, with a total
storage volume of up to 500 mL, and the pressure exerted by
other organs. In particular, when filled, the bladder acquires
a round or oval form [1].

The bladder’s anatomical structure is complex.
Macroscopically, it is divided into four parts: the apex or dome,
which is directed anterosuperiorly; the body; the fundus; and
the neck, which is positioned inferiorly. The bladder’s floor
has three openings, creating the trigone. The base of the
trigone is formed by two openings from the ureters, which
come from a short, oblique, intramuscular course. The third
is the urethral opening, located at the bladder neck, precisely
at the inferior angle of the trigone, where urine is expelled
from the bladder [2, 3].

Microscopically, the bladder has a layered composition,
similar to that of the ureters. The inner lining is made up of
a transitional epithelium, known as the urothelium, which
consists of transitional cells. In a relaxed state, the urothelium
is 57 layers thick; however, it can stretch to accommodate
increased urine volume. The lamina propria or submucosa,
which is a subepithelial connective tissue containing muscle
fibers with variable disposition, lies beneath the urothelium.
Then, the muscularis propria is composed of the detrusor
muscle, featuring the inner longitudinal, middle circular, and
outer longitudinal layers. This smooth muscle is responsible
for contracting and releasing urine from the bladder. Bladder
walls are covered by serosa, a thin connective tissue layer
that continues with the peritoneal layer of the abdominal
wall and contains blood vessels. In areas without serosa,
the bladder is enveloped by the adventitia, a layer of loose
connective tissue [4, 5].

BLADDER CANCER

Bladder cancer (BCa) is a prevalent and aggressive
malignancy worldwide, secondary to prostate cancer
considering urogenital tumors [6]. The International Agency
for Research on Cancer has documented that the following
risk factors are associated with BC: tobacco smoking; certain
occupational exposures, such as working in industries like
aluminum production, rubber production, painting, firefighting,
and exposure to various dyes (e.g., magenta and auramine)
or dye intermediates (e.g., 4-aminobiphenyl); environmental
factors such as X-ray radiation, gamma radiation, and
arsenic; specific medications such as cyclophosphamide;
opium consumption; and Schistosoma infection. Other risk
factors, such as dietary elements, microbiome imbalances,
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gene—environment interactions, exposure to diesel exhaust
emissions, and pelvic radiotherapy, have shown correlations
with BCa development [7].

The most common presentation symptom of BCa is an
asymptomatic macro or microhematuria, known as “painless
hematuria,” which occurs in approximately 85% of patients.
To identify the origin of the bleeding, hematuria must be
carefully characterized as initial, terminal, and total [8]. Other
frequent presenting symptoms of BCa are linked to bladder
irritability, such as urinary frequency, urgency, and dysuria.
Flank pain appears when ureteral obstruction occurs. Less
common symptoms are lower extremity edema and palpable
pelvic masses. In advanced cases, patients present with
weight loss and abdominal or bone pain because of distant
metastases [9, 10].

Urothelial carcinoma (UC) is the most common BCa
subtype, followed by squamous cell carcinoma, sarcoma,
lymphoma, and adenocarcinoma. Two-thirds of all BCa cases
are non-muscle-invasive BC (NMIBC), whereas one-third
are muscle-invasive BC (MIBC) and are related to a higher
risk for metastasis and a significantly worse prognosis [7].
BCa morphology can vary depending on tumor growth and
progression. For example, horizontal growth is typical of
carcinoma in situ (CIS), whereas exophytic polypoid masses
or sessile infiltrative lesions are typical of invasive forms
8, 6l.

BCa is staged using the standard TNM system; as with
other hollow organs, the T parameter is based on the depth
of invasion of the layers. In particular, pTa refers to papillary
carcinoma, an NMIBC type that presents as an exophytic
mass lesion, whereas pTis refers to the flat CIS, included
in NMIBC. At T1 stage, the tumor invades the lamina
propria and is typically treated with transurethral resection
of the bladder tumor (TURBT) and adjuvant intravesical
therapy. At T2, the tumor invades the detrusor muscle,
becoming an MIBC. T3 occurs when a tumor infiltrates the
perivesical fat, and when it affects the surrounding organs,
T4 commences. Tumors at T2 and above require more
aggressive management, such as radical cystectomy [11].
The N parameter considers the lymph node involvement.
N1 and N2 require the presence in the true pelvis of one
or multiple nodes, respectively. In N3, the metastasis
reaches the common iliac node. M1 indicates the presence
of metastasis, with subclassifications of M1a when there is
no regional lymph node involvement and M1b when other
distant metastases are present [5,12].

IMAGING MODALITIES

Imaging modalities, including ultrasonography (US),
computed tomography urography (CTU), and magnetic
resonance imaging (MRI), play an important role in diagnosing
and staging BCa. They are crucial for BCa detection and
differentiating a T1 from a T2, considering that the treatment
changes significantly between the two stages [13].
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Considering the sensitivity of BCa detection, this parameter
increases from US to CTU, reaching a very high rate with MRI.
Nevertheless, the latter is gaining wider applications because
it is essential in differentiating an NMIBC from an MIBC.

International guidelines recommend US, not excluding
physical examination, as the first step in the diagnostic
workup of a suspicious tumor, as in the case of painless
hematuria, and requires cystoscopy and subsequent biopsy
for the final diagnosis [8].

Radionuclide diagnostics such as positron emission
tomography (PET)/CT and PET/MRI have been discussed
because hybrid imaging methods appear to be promising
imaging tools in BCa staging, particularly for the detection
of lymph node and distant metastases, as they are more
accurate than conventional CT.

This narrative review also includes imaging modalities
such as dual-energy CT (DECT) and contrast-enhanced US
(CEUS) that are not mentioned in the habitual diagnostic
workup but have utility in particular applications.

ULTRASONOGRAPHY

Technique

The patient should drink 300-500 mL of water before the
examination to enable adequate distension of the bladder,
which should be filled moderately. If underdistended, the
evaluation of the bladder wall is limited because a wall
thickening or a focal mass can be overestimated, whereas
overdistention leads to patient discomfort and low cooperation.

Transabdominal US is mostly performed, which is
analyzed in this review. Transvaginal US is performed in
women to improve spatial resolution if needed, whereas in
men, transrectal US can be performed if the transabdominal
approach is limited. The examination is performed with the
patient in the supine position, with lateral decubitus when
required.

A convex probe (4.5-6 MHz) is more appropriate, and an
abdomen/renal preset is suggested. For correct evaluation
of the organ, the probe should be placed just above the
symphysis pubis and angled caudally, and scanning should
be performed in two orthogonal planes and in the oblique
direction. In this way, the bladder is always centered within
the field of view during the examination.

The bladder wall appears as layered with the hypoechoic
muscle between two hyperechoic layers corresponding to
the serosa and mucosa. The lateral and posterior walls are
well visualized in US, and the anterior wall is affected by
the reverberation phenomena, which can be adjusted with
the time—gain compensation. To selectively explore the
anterior wall and the vesical cupola, the examination can
be performed using a higher-frequency linear transducer
(>7.5 MHz). To evaluate the ureteral jet, which is a normal
and periodic efflux of urine from the ureter into the bladder,
color Doppler is necessary for the trigone of the posterior
wall to exclude a complete ureteral obstruction.
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US allows for the evaluation of the vesical capacity and
residual urine volume. The urine volume is estimated by taking
the three dimensions in the two orthogonal planes and applying
an automated formula that includes a correction factor (k) that
considers the complex shape of the bladder [11, 14].

Applications

Transabdominal US is influenced by various factors, such
as the amount of vesical filling, the patient’s constitution,
tumor size and distribution, or previous treatments
(radiotherapeutic, chemotherapeutic, or surgical) [13]. US
is reported to be 63% sensitive; in particular, the sensitivity
rate decreases when male patients suffer from prostate
hypertrophy, which indicates irregularity of the bladder base
wall. On the contrary, the sensitivity rate increases when
compared with cystoscopy in the case of a tumor within
the diverticula because evaluation of the narrow neck by
cystoscopy is limited [14].

Generally, BCa can be easily detected when is localized
on the lateral and posterior walls, considering that most
UC cases are localized in the posterior walls, and larger,
which is the most important factor that influences the
diagnostic sensitivity of US. Tumors can only be detected
if their maximum diameter is >5 mm. A larger tumor is
often associated with other signs such as wall rigidity and
asymmetrical bladder distension. The site of origin of the
tumor is a less important factor that influences sensitivity,
although some regions (dome, anterior wall, and base) are
more difficult to evaluate because of technical reasons [11].

Bladder masses are commonly echogenic, and shaped
irregularly such as cauliflower-like, and are found either
mounted on the bladder wall or in areas of the bladder wall
with irregularly increased thickness. However, BCa features
in US can differ depending on morphology and appear as
papillary, infiltrating, or invasive, as well as with mixed
features of papillary and infiltrating. Papillary forms appear
as small echogenic masses originating from the bladder
wall and projecting into the lumen, which are easily detected
when larger than 2-3 mm. Conversely, if the tumor is a
superficial carcinoma, it can be recognized only based on a
soft wall thickening, which presents a normal echo structure
and is not a sign of invasion. Infiltrating tumors have typical
small papillary components and hypoechogenicity compared
with the echogenicity of the vesical wall and the perivesical
adipose tissue [11, 13, 14].

If a focal mass is detected in the US image, the presence
of additional lesions must be further explored, considering
that one-third of tumors are multifocal, and an additional
evaluation with Doppler that helps in identifying the internal
vascularity with a rich blood flow signal or a stellate
morphology and differentiating a potential tumor from a
blood clot. The latter can be excluded by asking the patient
to change position from supine to lateral to assess for lesion
mobility typical of a clot or performing bladder irrigation,
followed by another US scan [11] (Fig.1).
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Fig. 1. Transverse ultrasound image of the bladder showing diffuse
irregular wall thickening with multiple masses and endoluminal
development. Color Doppler on the largest echogenic lesion,
localized on the left posterior bladder wall, showed vascularity
within the mass.

CONTRAST-ENHANCED
ULTRASONOGRAPHY

Technique

CEUS, a novel technology, can objectively reflect
tissue perfusion, using ultrasound contrast agent (UCA). In
conventional US, the bladder should be adequately distended
before the examination. Initially, a complete baseline US
evaluation should be performed before CEUS. The most
commonly used UCA is sulfur hexafluoride (SonoVue),
which is a blood pool tracer that never leaves the blood
vessel and can be used for real-time dynamic imaging of
microcirculation perfusion. It is injected intravenously (V)
in an amount of 2.4 mL, using a 21-G peripheral cannula,
followed by approximately 5 mL of saline. The UCA remains
in the circulation for a period sufficient to reach the organ and
guarantee adequate interpretation of both arterial and venous
phases. The study is conducted in basal B-mode conditions
with a low mechanical index to reduce the incidence of
microbubble rupture.

A normally distended bladder has a thin wall of
approximately 2 mm, with little signal to the CD, and is
nearly imperceptible in the initial phase of administration of
the contrast medium, with a progressive signal enhancement
up to approximately 2 min [15].

Applications

CEUS utilizes the biological principle that tumors
exhibit distinct neovascularization patterns, leading to
variations in contrast agent wash-in and washout times
compared with non-neoplastic conditions. A key advantage
of CEUS is its real-time capability. Unlike CT or MRI, which
requires determining the optimal acquisition time for better
differentiation of tumors from the surrounding bladder wall,
CEUS does not necessitate such precise timing because
the enhancement pattern can vary among patients due
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to factors such as cardiovascular health or the extent of
microvascularization in BCa. With CEUS, a dynamic real-time
assessment of enhancement can be performed continuously,
eliminating the need to pinpoint a specific moment.

Moreover, prolonged BCa enhancement allows for
a comprehensive exploration of bladder walls with just
one dose of contrast agent, making it useful in detecting
multiple cancer foci in multicentric cancers. With arterial
neovascularization, a common feature of BCa, the signal
enhancement in papillary and sessile lesions or small focal
thickening areas is immediately noticeable, similar to that in
the arterial phase of uro-CT. The signal increase is typically
uniform, except in larger, high-grade, invasive cases where
it may be non-uniform, particularly in necrotic regions within
the tumor [16].

After the rapid arterial phase, most tumors reach a
plateau with slow washout, although the venous phase
can vary based on size and cellular differentiation. CEUS
is valuable for differential diagnosis, helping distinguish
neoplastic growths from other bladder wall alterations that
may mimic tumors, such as intravesical clots, adherent
lithiasis, benign prostatic hypertrophy-related thickening,
or inflammation-induced wall thickening. Focal or nodular
enhancement indicates neoplasia in these situations.

BCa detection with CEUS relies on identifying areas of
focal hyperenhanced wall thickening or enhancing masses
protruding into the bladder lumen. The use of a contrast agent
in US improves BCa detection, particularly in cases where
traditional US studies may be inconclusive because of factors
such as inadequate bladder distension, history of bladder
surgeries, obesity, or the presence of an intravesical catheter.

The depth of wall invasion, histological grade, and
extension beyond the bladder are the main factors for
determining the prognosis and treatment approach for BCa.
Although MRI and CT are the preferred modalities for local
staging, CEUS can aid in evaluating wall invasion by assessing
the enhancement pattern of the bladder wall. It can help
differentiate a noninvasive UC from an infiltrating carcinoma
based on the presence or absence of a hypoechoic layer and
the enhancement pattern after arterial enhancement [15].

Malignant bladder tumors exhibit distinct enhancement
patterns compared with benign lesions, making CEUS a
valuable tool for distinguishing between them and improving
diagnostic accuracy. CEUS enables real-time observation of
the blood flow in bladder tumors, aiding in the differentiation
of benign from malignant tumors. However, compared with
CT and MR, its usefulness in bladder staging for infiltrating
carcinomas is limited because it cannot assess perivesical
fat infiltration and retroperitoneal lymph nodes (Fig. 2) [16].

COMPUTED TOMOGRAPHY UROGRAPHY

Technique

CTU, a CT examination of the urinary tract, is performed
with an unenhanced scan and after IV contrast material
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Fig. 2. Sagittal contrast-enhanced ultrasound images showing an enhancing mass of the left bladder wall, not well definable in the B-mode

as noticed on the left side of the image.

administration with a multiphasic acquisition to obtain a set
of images that show a fully opacified and distended intrarenal
collecting system, ureters, and bladder [17].

More precisely, the protocol includes an unenhanced
scan of the abdomen and pelvis. After IV administration
of contrast agent, the phases obtained are as follows: a
corticomedullary phase 30-40 sec after the injection,
resulting in an arterial phase; a nephrographic phase
100 sec after the injection; and an excretory phase 8—12 min
after the injection. The scan should be in a craniocaudal
direction, and the extension on the Z-axes should start
from the diaphragmatic dome to reach the pubic symphysis,
particularly in the unenhanced and nephrographic scan,
whereas the corticomedullary and excretory phases can
start from the upper pole of the kidney.

However, the main limitation of a multiphasic protocol
is the high radiation exposure, ranging from 25 to 35 mSv.
For this reason, particularly in young patients, a split-bolus
technique is suggested. This includes a two-phase protocol
with an unenhanced scan, followed by two IV injections of
contrast agent of approximately 80 and 40 mL. After the
first administration, the corticomedullary scan is obtained
after 20 sec. After an 8-min delay, the second bolus is
administered, followed by a scan at 100sec to obtain the
nephrographic—excretory phase. The scan should be in
a craniocaudal direction, and the extension on the Z-axes
should start from the diaphragmatic dome to reach the
pubic symphysis, particularly in the unenhanced and
nephrographic—excretory scan, whereas the corticomedullary
phase can start from the upper pole of the kidney [18].

Both protocols may be completed with an IV administration
of 10mg of furosemide 2—3 min before the corticomedullary
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scan to obtain adequate distension of the upper urinary tracts
and the bladder. Therefore, an underdistended bladder can
appear thickened, particularly along its anterior wall, and
the lumen can show an incomplete mixing of nonopacified
urine and contrast material, resulting in a urine contrast level
because the specific gravity of the contrast medium is higher
than that of urine [17].

Applications

Abdominal CTU is the most commonly used technique,
thanks to its many advantages, such as wide availability,
fast scanning, and creation of multiplanar reformatted and
three-dimensional (3d) reconstructed images. In patients
suspected or diagnosed with BCa, the examination is
performed for BCa detection and staging, in the latter case to
assess the locoregional and distant extension of the disease.

Each phase of the protocol required in a CTU has
advantages. The unenhanced CT scan is used to measure
the basal attenuation of the mass to compare it after
contrast enhancement and identify the presence of stones,
calcifications, hemorrhages, and clots. The corticomedullary
phase is used to evaluate suspected vascular abnormalities
or arterial enhancements. The nephrographic phase is used
to detect and characterize renal masses. The excretory phase
is used to assess the urothelium because the bladder is filled
with dense contrast material and an endoluminal soft tissue
lesion will appear as a filling defect [19].

BCa can appear as a focal region of bladder wall
thickening or as a mass protruding into the bladder lumen
or extending into adjacent tissues in advanced cases. If
the bladder distension is not adequate, the asymmetry of
the thickening must be examined. Generally, masses have
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soft tissue attenuation and may be encrusted with small
calcifications.

CTU has the highest accuracy, with a pooled sensitivity
of 92% and a pooled specificity of 95% in detection and
staging. Concerning T stages, it is limited in differentiating
NMIBC from MIBC but can distinguish T3 and T4 tumors.
Regarding N stages, it enables the assessment of lymph
node morphology and size. As regards the size, a suspect
is made when the pelvic, abdominal, and retroperitoneal
lymph nodes have a short axis, greater than 8 and 10 mm.
Regarding the morphological criterion, the presence of
confluent lymph nodes or those with a necrotic center
is considered a clear sign of lymph node metastasis.
In the study of lymph nodes, CTU is limited by potential
overstaging, detected in approximately 30% of cases with
reactive lymphadenopathies, with a short axis >10 mm,
and potential substaging when lymph nodes are malignant
but have dimensions within the limits. Concerning M
stages, BCa most frequently metastasizes to the pelvic
and retroperitoneal lymph nodes. The bone is the most
common site for distant BCa metastases; most appear
sclerotic but can also be lytic or mixed lytic sclerotic. In
solid organs, the liver and lung are the most frequent sites
of metastasis, and other organs are far less frequently
involved [11].

After the diagnostic workup, for detection requiring further
examination, an endoscopy with biopsy may be indicated to
confirm the diagnosis and determine the number, extent, and
localization of the urothelial tumors [18].

DUAL-ENERGY COMPUTED
TOMOGRAPHY

Technique

DECT is a novel imaging technology that operates two
X-ray tubes with different kilovoltages (one lower and one
higher) to images reconstructed in post-processing.

Considering the purpose of the examination such as
the detection of a suspicious BCa or its staging, the most
useful types of images are the virtual monochromatic
(VMC), virtual non-contrast (VNC), iodine map, and atomic
map.

VMC generates images similar to those of conventional
single-energy CT considering quality; however, it provides
more reliable attenuation values. The lower-energy
kilovoltage setting can increase contrast among near
structures, thanks to the high beam attenuation of iodine.
Consequently, a parietal lesion is easier to recognize.
The higher-energy kilovoltage setting can decrease noise
and artifacts. The comparison between the two different
kilovoltages settings, from VMC-acquired images, also
produces a spectral attenuation curve, which is a function
of energies. The latter is attributed to its properties, which
are useful to improve lesion characterization.
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VNC generates images “without contrast” by suppressing
the iodine material uptake from scans acquired post-contrast.
Therefore, VNC images are also known as iodine-removed
images. Accordingly, the radiation dose could be reduced
because the patient has not undergone the first unenhanced
scan.

The iodine map is a material-specific image in
opposition to the iodine-removed image, as iodine is
selected and not suppressed to show all areas with iodine
uptake. This image results in a color map that can quantify
the iodine uptake expressing it in mg/mL. Moreover, it
allows for distinguishing a vascularized lesion from a
nonvascularized lesion considering the amount of iodine
filling the aorta.

The effective atomic number map is a quantitative
method for assessing material differentiation and evaluating
attenuation variations as a function of energy [3].

Applications

DECT, a new imaging method, may help overcome
the main limitations of CT such as ionizing radiation
overexposure typical of patients with oncological
conditions who underwent repeated acquisitions and tight
follow-up.

Moreover, DECT allows for better lesion characterization,
thanks to post-processing reconstruction.

VNC images provide a true unenhanced image that
helps exclude the presence of stones, calcifications, and
fresh bleeding that appears hyperdense in the typical
basal scan and in measuring the attenuation value of
reference for the subsequent post-contrast graphic
scans.

The spectral curve, in the case of bladder wall thickening,
shows a curve tending to increase from lower values of
kilovoltage setting.

VMC images at low-energy kilovoltage settings generate
better contrast of the tumor despite the nearby regions and
increase the sensitivity in tumor detection. Moreover, by
normalizing the iodine quantification to that of the aorta,
in the nephrographic phase, this image type had increased
specificity when a threshold of =3.0 mg/mL is reached and
allows the differentiation of a vascular from a nonvascular
lesion. The formula is as follows: |I| normalized=|l| lesior]|
aorta [20, 21].

DECT advantages also concern BCa staging because iodine
maps enable easier evaluation of the tumor infiltration of
wall layers, including the muscular layer in differentiating an
NMIBC from an MIBC and evaluating lymph node involvement
and presence of metastases.

For treatment planning, the application of this
technology may be crucial because it can better assess the
relationship between the tumor and a vascular structure,
with increased contrast obtained with the VMC at a lower
kilovoltage setting, offering an important parameter
(Fig. 3 and 4) [22].
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Fig. 3. Multiplanar iodine map images showing different attenuations of multifocal masses, the main localized on the left posterior wall,
with different Av values compared with the Av endoluminal value. The spectral curve (upper left side) allowed the characterization of

materials because each material has a different attenuation curve.
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Fig. 4. Multiplanar iodine map with coloring overlap showing different attenuations of multifocal masses, the main localized on the
left posterior wall, with different Av values compared with the endoluminal Av value. The spectral curve (upper left side) allowed the
characterization of materials because each material has a different attenuation curve.
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MAGNETIC RESONANCE IMAGING
Technique

For adequate examination, the preparation of the patient
with moderate bladder distention is crucial. The patient
should urinate and start drinking 500 mL of water about 2.5 h
before MRI.

A targeted scan with the localizer can guide the technician
in starting the test when the bladder is properly distended.

Bladder distension, as mentioned before, is essential in
BCa evaluation. The bladder wall may appear thickened, and
underdistension may lead to a misdiagnosis. Conversely,
overdistension may cause discomfort in patients, who would
move during artifact detection, or interrupt the examination
if the patient could not hold more urine.

Generally, using a 1.5-T MRI scanner, the examination
is performed with the patient in a supine position, and
sequences necessary for a proper bladder evaluation are as
follows: T1-weighted (T1W) fast spin echo on the axial plane;
T2W sequences with high resolution and narrow field of view
on axial, sagittal, or coronal plane and with fat suppression;
diffusion-weighted imaging (DWI) and apparent diffusion
coefficient (ADC); and finally, DCE-MRI with T1W 3D gradient
echo and the Dixon three-point method.

In female patients, images must include not only the urinary
bladder but also the uterus, ovaries, and vagina, whereas in
male patients, the images must include the prostate [5].

Applications

In BCa evaluation, MRI is mainly applied in local tumor
staging because it allows distinguishing the presence and
absence of muscular infiltration, resulting in the differentiation
between NMIBC and MIBC, and stages ranging from T1 to >T2.

The bladder wall has multilayers, with the urothelium
and lamina propria appearing as a hyperintense line only
after contrast agent administration, in the early phase of
DCE-MRI sequences. The muscular layer appears as a
low-intensity line on T2W, medium-intensity line in DWI and
ADC sequences, and with a late and gradual enhancement in
DCE-MRI [5].

The development of the vesical imaging-reporting and data
system (VI-RADS) score helps standardize the approach to MRI
acquisition, interpretation, and reporting in patients diagnosed
with BCa through TURBT. The score ranges from 1 to 5 and
expresses the increasing risk of invasion of the detrusor muscle
[6]. For accurate examination, the sequences include T2W,
DWI/ADC, and DCE with each sequence generating a score of
1-5. TIW is not useful for differentiating MIBC from NMIBC
because the detrusor muscle shows intermediate-signal
intensity as well as a cancerous process [23].

Initially, the structural information in the T2ZW must be
analyzed, evaluating the integrity of the muscular layer in
T2W that should appear as homogeneously hypointense in
contrast with a hyperintense signal of the bladder content.
Then, the signal on DWI/ADC and DCE sequences must be
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evaluated. In tumors, the signal would appear hyperintense
on DWI and hypointense on the ADC map, and there is an early
enhancement of the inner layer. After obtaining information
from each sequence, the combination of the different scores
is compared to obtain the final VI-RADS score.

VI-RADS 1 is assigned when there is an interruption of
the intensity signal line corresponding to the muscular layer
in T2W. The maximum size reached from the lesion (sessile
or vegetating) is 1 cm. VI-RADS 1 suggests an NMIBC.

VI-RADS 2 is assigned when there is an interruption of
the intensity signal line but with a diameter >1 cm. The lesion
could be associated with edema, appearing with a thickening
line, and related to an increasing probability of invasion.
VI-RADS 3 expresses a doubt: there is no clear disruption
of the low-signal intensity of the muscular layer in T2W.
VI-RADS 4 is assigned when there is a certain invasion of the
muscular layer. VI-RADS 5 is assigned when the muscular
layer invasion is associated with the involvement of the
nearly adipose tissue.

In case of a discrepancy in results, the DWI/ADC map and
DCE will prevail to downgrade and upgrade lesions [5].

MRI also plays a role in post-therapeutic approach in BCa,
concerning patient evaluation after neoadjuvant chemotherapy
and immunotherapy, which is the last revolution in the
treatment MIBC. The purpose is to assess the lesion after
treatment under T2W, DWI/ADC, and DCE sequences and
establish the response to the therapy, which can be partial,
complete, or absent. In this context, the VI-RADS scoring
system has shown promising results [24].

In conclusion, MRl is rapidly becoming a leading imaging
modality in BCa diagnostic workup, assessment of response
to therapies, and longitudinal surveillance and plays an
important role in treatment planning for BCa surgical and
radiation therapy. Nevertheless, transurethral resection
biopsy is required for tumor grading and cannot be replaced
by MRI (Fig. 5 and 6).

RADIONUCLIDE HYBRID IMAGING:
POSITRON EMISSION TOMOGRAPHY/
COMPUTED TOMOGRAPHY AND
POSITRON EMISSION TOMOGRAPHY/

MAGNETIC RESONANCE IMAGING

PET/CT combines PET and CT into a single imaging
modality. 2-Fluorine-18-fluoro-2-deoxy-d-glucose (FDG) is
the most common radiotracer in oncology; therefore, FDG
PET/CT is widely used in the clinical management in many
cancer types [25, 26].

As an analog of glucose, 18F-FDG is taken up within
tumor cells via GLUT and other transporters where it is
phosphorylated by hexokinase but not further metabolized,
leading to intracellular accumulation. PET/CT offers a
high-sensitivity scan for metabolic activity with precise
anatomical localization [27].
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Fig. 5. (a) Multiplanar T2W sequences showing a mass on the left posterior wall, >1 cm in size, with an intermediate signal of the muscular
layer (VI-RADS 4). (b) DWI sequence and ADC maps showing a lesion with significantly limited diffusion, extending through the muscular
layer. The low ADC value of approximately 0.9 x 10~ mm?/sec denote malignancy (VI-RADS 4). (c, d) DCE sequence showing early and
heterogeneous enhancement of the lesion, extending through the muscular layer (VI-RADS 4). The VI-RADS overall score was four. Image
source: Eusebi Laura, Masino Federica, Gifuni Rossella, Fierro Davide, Michele Bertolotto, Cova Maria Assunta, Giuseppe Guglielmi. Role
of Multiparametric-MRI in Bladder Cancer. Current Radiology Reports 11, 69-80 (2023). https://doi.org/10.1007/s40134-023-00412-5.
This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license 4.0
(http://creativecommons.org/licenses/by/4.0/).

Fig. 6. (a) Multiplanar T2W sequences showing a mass, >1 cm, on the right lateral wall of the bladder dome, with an intermediate signal
extending through the muscular layer and invading the perivesical adipose tissue (VI-RADS 5). (b) DWI sequence and ¢ ADC map showing
a significantly limited diffusion lesion extending through the muscular layer and invading the perivesical adipose tissue (VI-RADS 5).
(c) DCE showing an early and heterogeneous improvement of the lesion extending through the muscular layer and the perivesical
adipose tissue (VI-RADS 5). The VI-RADS overall score was five. Image source: Eusebi Laura, Masino Federica, Gifuni Rossella, Fierro
Davide, Michele Bertolotto, Cova Maria Assunta, Giuseppe Guglielmi. Role of Multiparametric-MRI in Bladder Cancer. Current Radiology
Reports 11, 69-80 (2023). https://doi.org/10.1007/s40134-023-00412-5. This article is an open access article distributed under the terms
and conditions of the Creative Commons Attribution (CC BY) license 4.0 (http://creativecommons.org/licenses/by/4.0/).
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In BCa, in recent years, this hybrid imaging technique
is increasingly used for recurrence detection after radical
cystectomy [25, 26].

Considering that urothelial tumors have a high FDG uptake,
urinary excretion of FDG may mask tumors in all the urinary
tract extension, particularly in the bladder. Because of this
important limitation in this technique, several methods have
been investigated and tested to reduce urine FDG activities,
particularly profuse water uptake, diuretic administration,
and catheterization are helpful. However, catheterization that
involves flushing and retrograde bladder filling can increase
the risk of iatrogenic urinary tract infection and consequently
increase hospitalization times. Conversely, this limitation
consists in the application of early dynamic images that
could be useful for BCa detection before the excretion and
collection of FDG in the bladder [25].

Currently, FDG PET/CT is not recommended as the initial
diagnostic or as a primary staging tool because it is assumed
to be unable to evaluate microscopic perivesical fat invasion
and adjacent-organ involvement. Nevertheless, it may be
used to assess treatment response, detect any residual or
recurrent diseases, and differentiate scar tissue from active
tumors [26].

PET/MRI is a hybrid imaging modality that combines
the functional information provided by PET and the
detailed anatomical images obtained through MRI. The PET
component, typically using FDG as a tracer, highlights areas
with increased metabolic activity, which is often indicative of
cancerous tissue. Conversely, the MRI component provides
a great contrast of soft tissue. Considering these premises,
PET/MRI could overcome the intrinsic limitation of PET/CT in
assessing local disease extent because quality MR images
can help in assessing the spread of malignant tissue in the
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ABSTRACT

Multiple biliary hamartomas are a benign incidental finding in the liver. They are not easily detected if one has never seen them,
and if appropriate imaging tests are unavailable, and also can be challenging to differentiate from other liver lesions based on
imaging alone. Thus, this study aimed to expand the radiologist's digital image library, enabling a quick and precise differential
diagnosis. This paper also highlights the importance of thorough radiological assessment and need for a multidisciplinary
approach, involving radiologists, hepatologists, and pathologists, to ensure a precise diagnosis.

The patient presented at the hospital for a computed tomography scan and an abdominal magnetic resonance imaging
recommended by his general practitioner to assess the biliary tree (magnetic resonance cholangiopancreatography), owing to
persistent abdominal pain. The patient had never undergone an abdominal magnetic resonance imaging previously; hence, the
discovery of hepatic lesions was incidental and unexpected.

Magnetic resonance imaging revealed multiple benign lesions in both the hepatic lobes comparable to the Von Meyenburg
complex. These lesions are multiple hamartomas and behave differently in all magnetic resonance imaging sequences.
Images acquired with different magnetic resonance imaging sequences were carefully examined. Multiple lesions were
found scattered throughout the liver; however, the lesions were benign and consistent with the diagnosis of multiple biliary
hamartomas.

Medical practitioners should examine the presence of multiple biliary hamartomas and consider them in the differential
diagnosis when patients present with hepatic abnormalities. This can prevent unnecessary interventions and guide appropriate
patient management.

Keywords: liver; hamartomas; Von Meyenburg complex; magnetic resonance imaging; diagnostic imaging; magnetic
resonance cholangiography; bile duct neoplasms.
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MHo)XecTBeHHbIe 6m1uapr|e MUKporaMapToMmbl,
cnyqaﬁHo AUArHoCTUpoBaHHblie Y NOXKKUJI0ro nalUeHTa

M. Balbino', M. Montatore', G. Fascia', R. Tupputi?, F. Masino', G. Muscatella',
D. Mannatrizio', G. Guglielmi'?3

! Yumsepeutet Qopn, Gomka, Uranus;
2 Dimiccoli Hospital, bapnetra, Utanus;
3 Casa Sollievo della Sofferenza Hospital, ®oma, Uranus

AHHOTALIMA

MHoecTBeHHbIE 6UNMapHbIe raMapToMbl, TaKXKEe Ha3blBaeMble KoMnieKcamu hoH MelteHbypra — 310 LobpoKayecTBEHHbIE
HOBOODPAa30BaHUA NeYeHU, KOTOPbIE MOrYT BbiTb BbIABMEHBI CyyaiiHo. WX Henerko obHapyuTb, ecnu paHee He A0BOAY-
I0Cb C HUMM BCTPEYaThCs, a TaKKe ecniv COOTBETCTBYIOLLME MeTOAbI BU3Yann3aLmu Ha MOMEHT 00cne0BaHuUA HeLOCTYMHbI.
K ToMy 3Ke UX CIOXHO OTAMYNTB OT APYrUX NOpaXKEHWI NeYeHu Ha 0CHOBaHWUM BU3YanU3aLMOHHBIX JaHHbIX. TakuM 0bpasom,
OnMcaHWe [JaHHOr0 KIIMHMYECKOro Clyyasl HampaBneHo Ha MonosiHeHne GubnmnoTekn LMbpoBbIX M30BPaXeHUH, YTO NO3BO-
1T paguonory BbICTpo M TouHO npoBecTH AuddepeHUManbHylo aMarHocTuKy. KpoMe Toro, NofYEpKMBAETCA BaXHOCTb TLUa-
TENbHOI PEHTrEHONIOMMYECKOI OLIEHKM 3TOr0 3ab0MieBaHUs U He0HX0AMMOCTb MYNbTUANCLMIIIMHAPHOTO NOAXO0AA C Y4acTUEM
Pagmosoros, renartonoroB 1 NaTosioroB A1s NOCTAHOBKM TOYHOMO UarHo3a.

MaumeHT nocTynun B 6oNbHALY 1A NPOBELEHWSA KOMMbIOTEPHOW TOMOrpadum 1 MarHUTHO-pe30HaHCHOW ToMorpadum bproLw-
HOI MONOCTM NO PEKOMeHJALMK TepaneBTa As OLEHKM COCTOSHWSA BunnapHoro fepeBa (MarHUTHO-pe30HaAHCHas X0NlaHrno-
naHKkpeatorpadms) B CBA3M C MOCTOSHHbIMM BonsiMmM B kuBoTE. MaumeHTy HUKOrAa paHee He NPOBOAMIIM MHCTPYMEHTANIbHOE
obcnefioBaHMe BpHOLLHOM NONOCTH, NO3ITOMY HOBOOBPa30BaHMsA NeYeHW 0Ka3anuchb Cly4aliHoW U HEOXMAAHHON HaX0LKOM.
MarHuTHo-pe3oHaHcHast ToMorpadusa BbisSBUNA MHOXECTBEHHble J00pOKa4ecTBEHHbIE 00pa3oBaHUA B 06eMX MeYEHOUHBIX
L0N5IX, CONOCTaBUMBIE € KoMmieKcammn GoH MeiieHbypra. 3T nopaxeHus npeAcTaBAsioT coboil MHOXKECTBEHHbIE FaMapTOMbI
1 BedyT cebs no-pasHOMy BO BCEX NOCNE0BATeNIbHOCTAX CKAHUPOBAHHS.

B xopge uccnepnoBaHms Bbiny TLLATENBHO U3Y4YeHbl M30BpaKeHns, NOyYeHHbIE C MOMOLLBIO Pa3fUYHbIX NOC/e0BaTe/IbHOCTE
MarHWUTHO-pe30HaHCHoI ToMorpadum. B neyeHn obHapyxeHbl MHOXKECTBEHHBIE 0Yark NOPaXeHUs ¢ NpU3HaKamu Aobpokave-
CTBEHHOCTH, KOTOPbIE COOTBETCTBOBA/IM ANArHO3y «MHOXECTBEHHble DUNMapHbIe raMapTOMbl».

MpaKTUKytoLLMe CNeLmManmucTbl LOMKHBI YMETb pacno3HaTh 3T0 3aboneBaHue U yUUTLIBATL ero npu AuddepeHumnansHoi ama-
FHOCTMKE Y MALMEHTOB C NATOJIOTMAMM MeYeHU. 3T0 NMO3BOAUT NPeAOTBPATUTb HEHYXHbIE BMeLLaTeNlbCTBa U BblbpaTh npa-
BW/IbHYH0 TAKTUKY BeJEHUS NaLMEHTOB.

KnioueBblie cnoBa: neyeHs; raMapToMbl; KOMIJIEKC CI)OH MEﬁEH6pra; MarHMTHO-pe30HaHCHaA TOMOFpadJMFI; AnarHocTnyeckas
BU3yann3auua; MarHUTHO-pe30HaHCHaA xonaHrmorpadm;l; H08006p630BaHMH JKeJ14HbIX MPOTOKOB.
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INTRODUCTION

Multiple biliary hamartomas are relatively rare and often
an incidental finding during imaging studies. Identifying and
accurately diagnosing these lesions are crucial because they
can mimic other hepatic lesions, such as cysts or tumors,
leading to potentially unnecessary invasive procedures or
treatments [1-4].

DESCRIPTION OF THE CASE
Medical History

An 82-year-old male presented to the hospital with a
primary complaint of abdominal pain persisting for more
than 6 weeks. The patient has no personal/family history
significant for liver disease. A thorough medical evaluation,
including physical examination and blood tests, was
conducted. However, these initial assessments did not yield
conclusive results nor provide a clear diagnosis.

Diagnostic Assessment

The patient underwent contrast-enhanced CT (computed
tomography) and subsequently MRI [5-6].

Multiple millimetric disorganized hypodense lesions,
both subcapsular and intraparenchymal, were detected
incidentally in both hepatic lobes on CT.

Vol.5 (2) 2024
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After the administration of contrast medium, enhancement
of lesions was not observed (Fig. 1).

Subsequent MRI examination identified the same lesions
with different characteristics in various sequences. In
T2-weighted MRI images, the areas appear homogeneously
and intensely hyperintense (Fig. 2).

In T1-weighted images, all the
homogeneously hypointense.

In diffusion-weighted imaging (DWI), the lesions persist
as hyperintense at a low B-value (50 sec/mm?) but disappear
at a high B-value (800) (Fig. 3).

In T2-weighted MRI-cholangiography sequences, the liver
presents a “starry sky” appearance due to the presence of
multiple small hyperintense lesions; however, the communication
with the bile duct are usually not recognized [7] (Fig. 4).

The dynamic study after contrast administration did not show
enhancement in the arterial and venous phases (Fig. 5).

lesions were

Differential Diagnosis

Radiographic findings may be nonspecific and may not
differentiate biliary hamartomas from other lesions.

The differential diagnosis is made with polycystic
liver disease, multiple simple hepatic cysts, metastases,
micro-abscesses, and Caroli's disease [8]. A more
heterogeneous appearance of lesions and communication
with the bile duct is observed in the latter.

Fig. 2. Coronal and axial MRI images with HASTE T2 sequence: multiple small hyperintense lesions throughout the hepatic area.
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Fig. 3. Axial MRl image with DWI sequence: hyperintense lesions at low B-value (50 sec/mm?) on the right, disappearing at high B-values

on the left (800).

Fig. 4. MRI image with T2 MRI-cholangiography sequence:
multiple small hyperintense lesions; the liver with a “starry sky”
appearance.

Interventions

In the present case, the lesions were not directly related
to symptoms or complications therefore, no surgical or
pharmacological treatment was required.

If Von Meyenburg complexes are causing symptoms or
complications, treatment may include surgical removal of
the affected liver tissue or drainage of large cysts [9-11].

It is critical for individuals diagnosed with these
complexes to consult a hepatologist or liver specialist to
determine the appropriate management approach based on
their specific case.

Follow-up and Outcomes

The management of the patient’s condition was based on
observation and scheduled monitoring, allowing for the timely
assessment of any potential alterations. However, no significant
changes led to alterations in the diagnostic choices made.

DISCUSSION

Multiple biliary hamartomas, also called Von Meyenburg
complexes, are rare benign liver lesions characterized by
small disorganized cystic structures affecting both hepatic
lobes with some predilection for subcapsular regions [12-
13]. They are multiple small round, or irregular lesions and
are usually 5-30 mm in size on imaging.

Fig. 5. Axial MRl image with T1 sequence showing hypointense lesions without significant contrast enhancement in the arterial and venous

phases.
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These structures are composed of abnormal bile ducts
and are typically discovered incidentally during medical
imaging studies, such as ultrasound, CT, and MRI, which are
often performed for other reasons. Although hamartomas can
communicate with the biliary tree, but usually not. They are
believed to arise from embryonic bile duct remnants that
have failed to involute.

Von Meyenburg complexes are considered noncancerous
and are usually asymptomatic. They are generally not
associated with liver dysfunction or clinical symptoms.
Laboratory data are generally nonspecific and within normal
limits. Most individuals with these lesions do not require
treatment. In some cases, Von Meyenburg complexes
can be associated with various liver conditions, including
polycystic liver disease, Caroli's disease, and congenital
hepatic fibrosis [14].

When these conditions are present, they can lead to more
significant liver-related problems and may require medical
management.

CONCLUSION

Von Meyenburg complexes a rare medical condition
that is often detected incidentally. This study highlights
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Prospective Evaluation of the Extensibility

of the Ascending Aorta Wall and its Vascular
Prosthesis in a Patient with an Aneurysm with
Technically Flawless Surgical Correction and
Postoperative Decrease in Functional Parameters:
Description of the Case

Alexander V. Friedman', Tatiana A. Bergen', Dmitry A. Sirota', Boris N. Kozlov?,
Irina Yu. Zhuravleva', Alexandra R. Tarkova', Wladimir Yu. Ussov', Alexander M. Chernyavskiy'

1 E. Meshalkin National Medical Research Center, Novosibirsk, Russia;
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ABSTRACT

In this clinical case, a patient who had an instrumentally detected aneurysm with the lumen expanding up to 60 mm underwent
a surgically flawless prosthetic replacement of the ascending aorta. This treatment led to decreased exercise tolerance,
decreased contractile function of the left ventricular myocardium at rest, and enlarged pulmonary artery. The leading factor
was a decrease in the volume of systolic expansion of the aorta down to 5 mL (at the initial 13 mL), despite a noticeable
increase in the extensibility and a decrease in mechanical stiffness compared with initial indexes of the affected aortic wall. In
the literature review, considering mechanical extensibility and elasticity, problems in creating aortic prostheses equivalent to
those for healthy biological tissues were discussed.

Keywords: aneurysm of the ascending aorta; prosthetics of the ascending aorta; extensibility; Young's modulus; systolic
stretching of the aorta; coronary blood supply to the myocardium; case report.
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npoTtesa y NauMeHTKU C aHeBPU3MOMU NPU TEeXHUYECKU
6esynpeyHoM XMpypruyecKom KoppeKkuum u
nocseonepauuoHHOM CHMXXEHMU (PYHKLUOHANbHBIX
noKasartesiel: KJIMHUYECKUIK cnyyau
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AHHOTALMA

MpenctaBneH M 06CYKAEH KIIMHUYECKUIA CIyYald, KOTAa Y NALMEHTKW NOC/e BbIMOSIHEHUS! XUpypruyecku besynpeyHoro npo-
Te31pOBaHNUA BOCXOASALLEN a0PThl 0TMEYaNIoCh BbIPaXKEHHOE CHIKEHME TONEPaHTHOCTU K (M3MYECKON HarpysKe, CHUXEeHMe
COKPATUTESIbHON (YHKLMM MUOKapAa NIEBOTO JKENy0uYKa B MOKOE W pacluMpeHue NEFOYHOI apTepun BCNEeACTBUE ycuie-
HUA NIETOYHON apTepuanbHoit runepTeHsun. MpoTesnpoBaHue GbiN0 BLIMOIHEHO B CBA3M C MHCTPYMEHTANIbHO BbIAB/IEHHOM
MpY PacLUMPEHHOM MarHUTHO-PE30HAHCHOM TOMOTpatMYECKOM UCCIeA0BaHUM aHEBPU3MON BOCXOASLLEN aopThl C yBENYe-
HMEM MpOCBeTa B MOMEPEYHOM CeyeHUn aopTbl A0 60 MM. MoKasaHo, YTO eAMHCTBEHHBIM U BeAyLUMM (aKTOpPOM K pasBu-
TUIO HEraTMBHbIX MOCNEACTBUIA MPOTE3VUPOBaHNS SBUNOCh CHUMEHWE 06BbEMA CUCTOIMYECKOTO PaclLMpeHns aopTbl 40 5 M,
MpY UCXOAHBIX 13 M/, HECMOTpA Ha 3aMeTHOe YBEJIMYEHMe NOKa3aTesel PaCTAKMUMOCTU U CHUKEHUS MeXaHUYECKON KECTKO-
CTW N0 CPaBHEHMIO C NOKa3aTesIAMU NOPaXKEHHOI CTeHKY aopTbl. [peacTaBneH 0630p NMTepaTypbl U 06CYXKAEHbI B 3TO CBA3M
HacToATeNbHasA Heo6X0AMMOCTb M Npo6ieMbl CO3AaHMA NPOTE30B a0PTbl, IKBUBANEHTHbIX MO MOKA3aTeNAM MeXaHWYecKom
PacTSXKMMOCTM W YNpYrocTU TaKoBbIM [151 30,0POBbIX BMONOMMYECKUX TKAHEN.
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INTRODUCTION

Surgical treatment of ascending aortic aneurysms with a
>5 cm lumen expansion [1] has been the technique of choice
in preventing the risk of aneurysm rupture, with a mortality
rate of up to 100% in acute cases [2-4].

Several cardiac surgery techniques, involving complete or
partial arch replacement, have been developed [5].

The outcomes of such replacement are assessed based
on the significant decrease in the risk of mortality in such
patients [2]. The quantitative assessment of physiological
and biomechanical parameters of the ascending aorta,
quality of life, and the presence and severity of angina and
other coronary ischemia markers is often regarded as less
significant [3]. This may be justified, as saving the patient’s
life is always the top concern.

However, a sustained decrease in the mortality rate with
the surgical treatment of ascending aortic aneurysm requires
further clarification of pathophysiological criteria determining
the functional status of patients, possibility of recovery and
vocational rehabilitation, state of the cardiac muscle, and
factors affecting coronary blood supply.

The ascending aorta is a crucial anatomical and
functional component of the vascular system. It provides
blood supply to the cardiac muscle, which invariably
occurs during diastole, within the systolic expansion
volume of the ascending aorta [6]. Physiologists and
sports medicine specialists [6], as well as prosthetic valve
and vessel manufacturers [7], have long been interested
in the elastic properties of the ascending aorta in the
context of adequate blood supply to the cardiac muscle,
when the aorta, which stretches during systole, collapses
during diastole. However, single-center and multicenter
studies of the clinical use of biophysical and biomechanical
assessments of aortic elasticity are limited [4]. It has been
previously demonstrated that decreased elasticity and
distensibility and increased stiffness of the ascending aorta
are significant pathological factors contributing to the risk
of acute myocardial infarction [8, 9]. Studies of ascending
aortic elasticity in cardiac surgery patients with aneurysms
are equally clinically significant. Insufficient graft elasticity
can be a limiting and pathological factor.

Thus, this study presents a clinical case of a
female patient who failed to reach the target p0, level
post-surgery, as well as other parameters required for a
good performance status (e.g., exercise tolerance), despite
uncomplicated ascending aortic replacement. These metrics
did not improve, but rather worsened, and the patient has
been dependent on an oxygen concentrator for breathing
several months after surgery.

DESCRIPTION OF THE CASE

We present a clinical case of prospective follow-up of
changes in biomechanical parameters of aortic aneurysm
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during surgical treatment of a 65-year-old female (patient
B-k). The patient has a history of hypertension for 10 years
(with full pharmacological blood pressure control).
Additionally, she has type 2 diabetes mellitus, with glucose
and glycated hemoglobin levels controlled to the limit of
normal with oral antidiabetic drugs. She was otherwise
healthy for the last 15 years.

The patient initially presented to a neurologist with
increasingly frequent episodes of dizziness and weakness
with fatigue, and transient, short-term episodes of loss of
speech. Critical stenosis of the internal carotid artery or its
branches was suspected, and the patient was referred for
ultrasound examination and carotid magnetic resonance
(MR) angiography. These examinations did not confirm the
carotid artery pathology. Narrowing of the internal carotid
arteries or their branches by more than 15%-20% was
not observed. However, carotid MR angiography showed a
pathological radial expansion of the ascending aorta lumen
of up to 57-60 mm. This was confirmed by MR aortography
(Fig. 2a), and the patient was referred to the Research
Institute of Cardiology of the Tomsk National Medical
Research Center for consultation and cardiac surgery.

Further, the patient had preoperative coronary
angiography and aortography, which confirmed the nature
and extent of the aortic lesion and ruled out coronary
stenosis. The proximal right coronary artery showed the
most severe stenosis, of up to 35% of the lumen. Stenoses
in the left coronary artery did not exceed 25% in any of its
branches.

Prior to aortic replacement, the exercise tolerance
threshold according to a cycle ergometer exercise test with
electrocardiography (ECG) monitoring was 25 W. The test
was stopped because of shortness of breath and muscular
weakness. The test did not reveal ECG signs of coronary
insufficiency.

As previously mentioned, the patient had magnetic
resonance imaging (MRI) of the heart and aortic wall with ECG
gating [8], including the thoracic aorta up to the diaphragm.
In particular, heart MRI along its short and long axes was
performed, which included the following:

« T1 weighted images (WI): time of repetition (TR),

500 msec; time of echo (TE), 12 msec

« T2WI: TR, 4,000 msec; TE, 25 msec

« Steady-state free precession (SSFP) images

Slice thickness: 5—8 mm; matrix: 256 x 392 or 256 x 256.
Axial TIWI chest MRI with respiration and ECG gating, with
increased TR of 1,850-1,900 ms and TE of 32 ms, was
performed as a component of cardiac and chest MRI with
ECG gating (Fig. 1). This mode provides visualization of
large thoracic vessels, including their walls. Owing to the
borderline glomerular filtration rate (<30 mL/min x 1.73 m?),
additional paramagnetic contrast enhancement was not used.

Following cardiac MRI, the patient underwent MRI of the
ascending aorta with ECG gating, at the level of crossover
with the pulmonary artery bifurcation level, in axial plane,
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im: 30/64

/ 5.69 cm

Fig.1. Transverse slices of T1-weighted images of the chest organs, including the thoracic aorta, at the pulmonary artery bifurcation
level in patient B-k: (a) before prosthetic replacement of the thoracic aorta expanded due to aneurysm; critical ascending aortic
aneurysm with a >6 cm lumen expansion; (b) after prosthetic replacement of the thoracic aorta expanded due to aneurysm; normal
lumen of the ascending aorta. The descending aorta was normal before and after surgery. The pulmonary artery expanded to 27 mm
after surgery, compared to 23 mm at admission. Postoperative tomography revealed an artifact in the chest area due to a wire fixator.

Cor + a0Ra
ortic Arch(Resp. +ECG)

Fig. 2. Magnetic resonance imaging with ECG gating in patient B-k: (a) magnetic resonance angiography of the thoracic aorta. The
lumen at the supravalvular and aortic arch levels and the distances between them, which are used to calculate the ascending aorta
volume during systole and diastole and the systolic expansion volume, are shown. The turquoise horizontal line with arrows at the
ends represents the tomographic slice level; (b) transverse tomographic slice of the ascending aorta in the wall area, with thickness
measurements for the subsequent calculations of Young’s modulus parameters. The measurements are marked by thin green lines,
with respective values.

in the cine mode (24 cine frames per cardiac cycle), with the

Distensibility ,;; = S5t = Saiast/ Saias (1)
assessment of changes in the aortic wall thickness during Vo = Osyst = dost/ Valast

a cardiac cycle (Fig. 2b) and diameter and cross-sectional
area of the lumen at the study level (marked with an arrow
in Fig. 2a). The cardiac MRI findings were processed using a
standard method; the left ventricular end-diastolic volume,
left ventricular end-systolic volume, and left ventricular
ejection fraction were calculated. Moreover, biomechanical
parameters of aortic distensibility were obtained based on
non-contrast-enhanced cine mode MRI findings.

These measurements and a linear biophysical model
[10, 11] were used to calculate the distensibility (radial
expansion) of the aorta [12]:

DOI: https://doiorg/1017816/DD568070

Moreover, the distensibility adjusted for pulse pressure
was calculated:

Ssyst - Sdiast / Sdiast
BPp

(2),

Distensibility ,;=

ulse

where S, and Sy, are the cross-sectional areas of the
aorta during systole and diastole, respectively, and BP,,, is
the pulse pressure (Fig. 3).

The transverse Young's modulus for the ascending
aorta wall was calculated based on the findings of MR
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Area=24.4 cm?
P=17.59 cm

R

29.07.2020

Area=10.59 cm?
P=11.64 cm

TR 3.7 TE: 1.9
IRS10.2021 12:32:43

Digital Diagnostics

Area=25.48 cm?
P=18.06 cm

29.07.2020

Area=10.76 cm?
P=11.83 cm

T: 8.0mm L: 150.2mmy

Fig. 3. Cross-sectional dimensions and areas of the ascending aorta during systole and diastole: top row: baseline (at admission;
before replacement of the aorta that expanded due to aneurysm); bottom row: after replacement with a synthetic graft; (g, c) diastole;
(b, d) systole. Of note is a considerable lumen narrowing after surgery, with a relatively small distensibility of the ascending aorta.

aortography with ECG gating, according to the method
well-studied in biomechanical experiments [10, 11]:
ddiast2 x(1-0,25) x B’Dpulse
E 2 hx 0d, x 1333 (),
where E = Young's modulus (Pa),

d;, = transverse aortic diameter during diastole,

Ad,,,, = increase in the aortic diameter during systole,

0.25 = squared Poisson'’s ratio for the aortic wall, which
is known to be 0.5 [11],

h = aortic wall thickness during diastole (Fig. 2b),

BP, s = pulse pressure, and

133.3 = conversion factor (mmHg to Pa).

The ascending aortic volume was calculated, from the
supravalvular level to the middle of the aortic arch (between
the brachiocephalic trunk and opening of the left common
carotid artery), during systole and diastole. The ascending
aorta was visualized as a deformed, incompressibly curved,
truncated cone with the length [ (length of the aortic
valve-middle of the aortic arch area; Fig. 1a), with the base
radius determined by transverse slices in the cine mode:

ulse

DOI: https://doiorg/1017816/DD568070

lower base radius, R, and upper base radius, r. In this case,
the volume of the deformed truncated cone (the ascending
aorta) can be with high accuracy estimated as follows [13]:

V="Vl (R%+ Rr + r?) (&)

The systolic expansion volume of the aorta AV, was
determined by the difference between systolic and diastolic
volumes of the ascending aorta. This parameter determines
the blood volume available for the coronary blood supply to
the cardiac muscle during diastole, when the primary blood
supply to the cardiac muscle occurs [6, 14].

The patient underwent replacement of the ascending aorta
and partial arch replacement with assisted circulation, using
a 35 mm synthetic graft GORE-TEX (W.L. Gore & Associates,
USA). Aortic valve replacement was not performed, as no
significant aortic valve insufficiency was noted, and the area
of the effective hemodynamic lumen during systole was
>2.0 cm?. The brachiocephalic trunk ostium was implanted in
the respective branch of the graft; postoperatively, no blood
supply disturbances in the right common carotid artery and
subclavian artery territories were observed.
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No postoperative surgical complications, including
inflammation, and signs of vital organ blood supply
disturbances were noted. Sinus tachycardia at rest was
reported (82-92 bpm), which worsened significantly on
mild exertion. The preoperative glomerular filtration rate
was 57-65 mL/min x 1.73 m?, which was maintained after
surgery. The patient required long-term oxygen support,
because only with then her condition was subjectively close
to normal. Imaging and clinical biochemistry studies revealed
no signs of postoperative myocardial infarction. Without
oxygen support using a membrane oxygen concentrator, the
p0, level was 81%-83%; when a concentrator was used, this
parameter increased to 93%-95% or higher (occasionally,
at rest). Perfusion single-photon computed tomography with
#mTc-labeled beads revealed no signs of thrombosis or
pulmonary embolism.

Following the surgery, the exercise tolerance decreased
significantly compared to baseline and remained minimal
during the inpatient postoperative period and after discharge.
The patient resides on the second floor and can only get there
by elevator; an outpatient MRI required the use of an oxygen
concentrator.

A follow-up examination (cardiac MRI and MR
elastography of the aortic wall) was performed 4 months
after surgery; the findings compared to baseline are
presented in Tables 1 and 2.

Aortic elasticity parameters improved dramatically
following surgery; however, they still exceeded the normal
value [8]. However, the systolic expansion volume of the
ascending aorta (AV,) decreased significantly due to a
decrease in the aortic diameter by 2 cm.

The postoperative Young's modulus for the aortic wall
(specifically, for the ascending aortic graft) decreased,
whereas the elasticity increased. However, generally,

Vol.5 (2) 2024
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the systolic expansion volume of the aorta decreased to
approximately 5 mL (Table 2), which is insufficient for
adequate coronary blood supply [8]. The physical dimensions
of the graft corresponded to those specified in the documents.
Thus, even in the absence of significant coronary stenoses
and with an ideal surgical technique of ascending aortic
replacement, insufficient distensibility of the aortic wall
became a critical factor, limiting exercise tolerance after
surgery and contributing to left ventricular failure, although
without acute myocardial infarction.

DISCUSSION

When assessing aortic stiffness, methods initially tested
in animal studies are used [15, 16, 17], such as external
transmission of a high-frequency mechanical wave to the
aorta, using a special MRI-compatible vibration generator,
followed by an MRI recording of wave transmission along
the aortic wall [15, 18, 19]. This method, adapted from
solid-organ elasticity studies, is commonly used [18, 19, 20].

The high-frequency method of mechanical aortic elasticity
assessment allows for the calculation of this parameter
throughout the anatomical study area (along the length of
the aorta) [19]. However, the aortic volume at a specific
level, particularly at the level of the ascending aorta, is not
considered [2]. The volume of various parts of the aorta in
the case of pathologies has recently become a subject of
interest [15].

In this context, the distensibility of the aortic lumen during
a cardiac cycle following changes in aortic pressure is a more
physiological parameter [12]. Regarding the ascending aorta,
it allows for direct assessment of the blood volume available
for pumping into the coronary bed during diastole [12]. In
the present case, this parameter allowed determining the

Table 1. Cardiac magnetic resonance imaging findings in patient B-k before and after aortic replacement

Left ventricular LVEDV, | LVEF, Left atrial Pulmpnary
; 0 LVESY, g artery diameter,
myocardium mass, g mL % volume, mL mm
Baseline (at admission) 165 79.4 83 165 55.7 23
After ascending aortic 161 94.2 73 161 69.4 28

replacement

Note: LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume. Parameters
indicating the progression of heart failure (increased LVEDV, decreased LVEF, increased left atrial volume, and pulmonary artery expansion by 4 mm)

are in bold text.

Table 2. Magnetic resonance elastometry of the ascending aortic wall in patient B-k before and after aortic replacement

Young's modulus for Ascending aortic distensibility AV
the ascending aortic SYLS"
wall, Pa Absolute Adjusted = absolute/pulse pressure m
Baseline (at admission) 0,58x10¢ 0.0043 0.0043/25 = 1.72x10°% 13.28
After ascending aortic 0,260x10¢ 0.0161 0.0161/20 = 8.05x10" 495

replacement

DOI: https://doiorg/10.17816/DD568070
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exact cause of the patient’s postoperative condition, which
was initially attributed to undetected flaws of the surgical
technique; however, the existence of these flaws was later
disproved.

This demonstrates that the aorta is crucial for adequate
coronary blood supply to the cardiac muscle [6, 12]. In the
case of ascending aortic replacement, the graft elasticity
plays a critical role [7]. It is even more relevant considering
that aortic wall inflammation [24] and stiffness [25] are
associated with the incidence and severity of cerebrovascular
accidents. Single-center [12] and multicenter studies [8, 26]
confirmed that increased aortic wall stiffness is a predictor
of increased incidence of coronary disorders in patients
with myocardial infarction. In patients with cardiovascular
diseases that do not require cardiac surgery, drug therapy
can significantly improve aortic distensibility and elasticity
[27].

As previously stated, further development of ascending
aortic grafts is focused on the use of synthetic and
multicomponent materials with preserved elasticity, which
ensure adequate diastolic blood supply to the cardiac muscle
and exercise tolerance [7]. Manufacturers are aware of this
issue [28, 29], which is shown in the present case: the
mechanical aortic wall stiffness after surgery decreased
more than twofold compared to the aorta with aneurysm
before surgery, whereas the distensibility increased more
than threefold (Table 2). However, considering the graft
diameter, which is decreased compared to the baseline
aneurysm, modern synthetic materials cannot maintain the
systolic expansion volume of the ascending aorta (AV ).

In this regard, biological aortic grafts [29, 30] produced
using special technologies from major vessels of cattle, with
preserved structure of collagen and elastin fibers, provide an
advantage regarding mechanical distensibility and elasticity.
Currently, these are the only grafts capable of maintaining
the wall distensibility of a complex hemodynamic structure
such as the aorta [30]. MR elastometry can be used for
aortic elasticity monitoring after replacement, with the
desired frequency and duration of follow-up [8]. It can be
used to assess the aortic wall and mechanical distensibility
parameters in patients with ascending aortic replacement
and in experimental settings.

CONCLUSION

MR elastometry provides therapeutically valuable
information when used for the quantitative assessment of
the biomechanical state of the ascending aorta. This should
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Idiopathic Enterocolic Intussusception:
Imaging Findings in an Abdominal Emergency
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2 Foggia University, Foggia, Italy;
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ABSTRACT

Adult intussusceptions are a rare cause of abdominal obstruction and are usually associated with a neoplastic disease; idiopathic
forms are extremely rare. We report a case of enterocolic intussusception in a young woman who experienced symptoms of
abdominal obstruction. Imaging findings were reported. On histological examination, no underlying diseases were found. The
patient presented at the hospital for computed tomography because of persistent abdominal pain. Computed tomography
revealed an enterocolic invagination involving the ileocecal valve and cecum and widespread edematous thickening of the
colonic parietal walls.

Idiopathic enterocolic intussusception is an uncommon abdominal urgency in adults. Symptoms can be vague and persistent,
delaying an accurate diagnosis. Imaging is crucial in these circumstances to make a diagnosis. Some computed tomography
findings, such as a target-like bulk, may be suggestive.
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UavnonaTuuyeckas MHBarMHauus KuLeYHUKa:
pe3ynbTaTbl BU3ya/Iu3aLlUuu HEOT/IOXKHOM
abaoMMHaNbHOM NaTonorumn
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AHHOTALIMA

WHBarMHaLma KuLLeYHWKa Y B3POCNbIX — PefKan NPUYMHA KULLEYHON HEMPOXOAMMOCTU 1 06bIYHO CBA3aHa C HeonnacTuye-
cKuMK 3abonesaHuamu. Manonatnyeckue opMbl BCTpeyaloTcs KpanHe peako. B cTatbe onucbiBaeTca cnyyai MHBarMHaLmm
KULLIEYHMKA Y MONOA0N JKEHLUMHBI, KOTOPas UCMbITbIBaNA CUMMTOMBI KULLEYHON HenpoxoauMocTy. lpeacTaBneHbl pesynbra-
Tbl BU3yanMU3aLMu.

MepBUYHbIX 3aboNieBaHUA NPW TUCTONOMMYECKOM MCCefi0BaHUM BbisBlIEHO He 6bino. [laumeHTka moctynuna B 6ombHULY
ANA NPOBefieHUA KOMMbOTePHON ToMorpadum 13-3a NoCToAHHbLIX 6oneit B xuBoTe. KoMmbloTepHas ToMorpadus BbisBUNa
WHBArMHAaLMIO KWLLEYHWUKA C BOB/IEYEHWEM WeOLIeKalbHOr0 KianaHa U Kynona Cnemon KULLKKW, a TakKe 0TEYHOCTb U yToN-
LLeHMe CTEHOK MapueTanbHOM BpiolmnHbl. Manonatnieckas MHBarMHauUMs KULEYHMKAa — PeAKoe HeOT/IOMHOe COCTOSHWe
OpraHoB BpIOLLHOM NOMOCTU Y B3pOCbIX. CUMMTOMBI MOTYT BbITb NEPCUCTUPYIOLLMMM, CTEPTBIMU U HEACHBIMM, YTO 3aTPYAHSAET
MOCTaHOBKY TOYHOrO AMarHo3a. B Takux cnyyasx peluaiowlee 3HauyeHUe MMeeT AMarHoCTUYeCKas Bu3yanusaums. Hekotopble
pe3y/bTaTbl KOMMbIOTEPHON TOMOTpaduK, Takne Kak MULLEHEBUHOE COAEPIKMMOE KULLIEYHUKA, MOTYT YKa3blBaTb Ha AaHHOe
3abonesaHue.

KnioueBble cnoBa: MHBarnHauus, NlanapocKonua; KOJISKTOMUA; KOMNbOTEPHAaA TOMOFpad)VIﬂ; 6plOLIJHaFI nonocTb.
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INTRODUCTION

Adult intussusception is an uncommon abdominal
emergency [1]. Intussusception consists of the invagination
of a bowel segment (intussusceptum) and its mesentery into
the lumen of a distal portion (intussuscipiens) because of
the abnormal mobility of the peristalsis [1, 2]. It can involve
any part of the intestine; however, it usually occurs at the
coupling between a mobile loop and a fixed retroperitoneal
segment [1, 3]. Among adults, intussusceptions are
frequently associated with an organic lesion common in
children, whereas they are less frequently encountered
in adults; symptoms tend to be nonspecific, making the
diagnosis more challenging [4, 5].

DESCRIPTION OF THE CASE
Medical History

A 37-year-old woman was admitted to the emergency
room complaining of 4-day abdominal pain that had
increased in the last few hours. She reported no fever but
noticed changes in her bowel habits, alternating diarrhea,
and constipation.

Vol.5 (2) 2024
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Diagnostic Assessment and Differential Diagnosis

To exclude any possible causes of intestinal obstruction,
computed tomography (CT) was performed before and after
the administration of intravenous iodinated contrast medium.
CT revealed an enterocolic invagination involving the ileocecal
valve and the cecum with diffuse edematous thickening of
the colonic parietal walls. Edematous strains in the adjacent
peritoneal fat, satellite lymphadenopathy levels, and a small
amount of fluid collection in the right iliac fossa were also
present (Fig. 1).

Multiplanar reconstruction (MPR) revealed the “target”
appearance of the intestinal walls (Fig. 2).

Interventions

Owing to the rapid progression of the clinical signs,
surgical treatment was suggested, and a laparoscopic right
colectomy was performed. Oral intake was initiated with
fluids on the second postoperative day and solid food on the
third postoperative day.

Follow-up and Outcomes

The patient was discharged on the sixth postoperative
day. No complications were observed. Histology revealed

Fig. 1. Abdominal computed tomography, portal phase. Sagittal multiplanar reconstruction: (a) enterocolic invagination with the involvement
of the mesenteric fat and vascular structures. Thick edematous walls, stranding of the surrounding fatty tissue (b), and satellite nodes

(11 mmiin c).

DOl https://doi.org/10.17816/DD623376



https://doi.org/10.17816/DD623376

CASE REPORTS

Fig. 2. Oblique sagittal multiplanar reconstruction, orthogonal to
the intussusception, shows the “target sign” due to the alternating
of edematous walls and mesenteric fat.

inflammatory changes in the intestinal walls with reactive
satellite nodes; no other diseases were associated with
intussusception.

DISCUSSION

Adult intussusception is an uncommon cause of
intestinal blockage. In contrast to pediatric patients in whom
intussusception is primary and benign, adult intussusception,
particularly of the colon, has a high probability of neoplasia;
therefore, operative management is often necessary.

In some patients, conservative treatment by reduction is
also recommended provided that the bowel appears viable.
In the remaining cases, reduction should not be attempted
if signs of inflammation or ischemia of the bowel wall are
present.

In this case, we performed a laparoscopic right colectomy.

Oral intake was initiated with fluid on the second
postoperative day and solid food on the third postoperative
day. The patient was discharged on the sixth postoperative
day. No complications were observed. According to the
location, intussusception can be classified as enterocolic,
when limited to the small bowel; colonocolonic, if it involves
the colon; and enterocolonic, which can be ileocecal and
ileacolic [1, 2]. The obstruction of venous blood flow can lead
to edema and ischemia of the involved intestinal loop, and
necrosis may eventually develop [6].

Intussusceptions are more common in children; they
are mostly idiopathic and classically present with a triad

Vol.5 (2) 2024
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of cramping abdominal pain, currant jelly-like faces, and a
palpable sausage-like abdominal mass [6, 7].

Conversely, adult intussusceptions are very rare,
accounting for approximately 5% of all cases [5, 8]; they
may manifest with long-standing nonspecific abdominal
symptoms (such as nausea, vomiting, bowel habit changes,
abdominal distension, and gastrointestinal bleeding), which
make the diagnosis more challenging [4, 6]. In children,
intussusceptions are mostly idiopathic [6].

In adults, intussusceptions are generally associated with
both benign and malignant diseases in most cases; however,
idiopathic forms are less common and generally involve the
small bowel, contrary to our case. Imaging is fundamental
for diagnosis, particularly in the most problematic cases [9].
Abdominal CT is considered the modality of choice because
it can evaluate the intussusception site, its extension, and the
bowel segment involved [10]. In addition, it can demonstrate
the presence of a leading point and is important to exclude
possible complications, such as bowel wall ischemia and
perforation. The invagination the intussusceptum into the
intussuscipiens appears on CT as a “target” because of
the alternating of intestinal walls and mesentery fat when
observed on a plane perpendicular to the main axis of the
involved segment [1].

In contrast to pediatric intussusception, which is primary
and benign, adult intussusception (particularly of the colon) is
associated with neoplastic disorders [6]. Therefore, a surgical
approach is often necessary.

In some patients, conservative treatment by reduction is
also recommended after the bowel appears viable. In the
remaining cases, reduction should not be attempted if signs
of inflammation or ischemia of the bowel walls are present.

CONCLUSION

Idiopathic enterocolic intussusception is a rare
abdominal urgency in adults. Symptoms can be
nonspecific and long-standing, which may delay the
correct diagnosis. In these cases, imaging plays a
central role in the diagnosis. Some CT findings, such as
a mass with a target appearance, can be suggestive.
Laparoscopic surgery is comparable to open surgery in
the setting of right colectomy. The obvious advantages of
laparoscopic surgery are the lower surgical site infection
rates, shorter nasogastric tube duration, less postoperative
pain, and better esthetic results. The safety and efficacy of
laparoscopic right colectomy in an emergency with bowel
occlusion is possible in the hands of expert surgeons.
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Unilateral Pulmonary Vein Atresia:
Difficulties of Radiological Diagnosis
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ABSTRACT

Pulmonary vein atresia is a rare congenital abnormality that could manifest in isolation or in association with other congenital
abnormalities in the cardiovascular system such as pulmonary vein hypoplasia. Pulmonary vein atresia leads to changes
in cardiovascular functioning. This abnormality is often diagnosed in children with recurrent pneumonia and hemoptysis. In
adulthood, pulmonary vein atresia is much less common, with clinical symptoms such as dyspnea during physical exercises
and hemoptysis. However, some patients are asymptomatic. Owing to the nonspecific imaging findings, lung parenchymal
changes are often misdiagnosed as another lung disease, including inflammatory genesis disease. In this article, a case of a
young man with asymptomatic unilateral pulmonary vein atresia combined with pulmonary artery hypoplasia and interstitial
lung changes in a lung with hypoplasia was presented. These pathologies were first identified in a 21-year-old patient by
contrast-enhanced computed tomography.

Keywords: pulmonary vein; atresia; pulmonary artery; hypoplasia; inferior vena cava; case report; computed tomography.
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OAHOCTOPOHHAA aTpe3ns NEroYHbIX BeH:
CJI0XXHOCTH Jly4eBOM AUArHOCTUKM

B.B. ¥{apurosa', B.A. Heuaes', E.A. Kynukosa', AJ1. 10aun?
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AHHOTALMA

ATpe3usi NEroyHbIX BeH — PEeAKWUiA MOPOK Pa3BUTMA, KOTOPLIA MOXKET BO3HWMKATb KaK M30JIMPOBaHHO, TakK M B COYETaHUM
C ApYrYMU BPOKAEHHLIMWA MOPOKaMU Pa3BUTMA CEpPAEYHO-COCYAMCTON CUCTEMBI, HaNpUMep, C TaKUM KaK runonnasua ne-
rO4HOM apTepuun. ATpesns NEroYHbIX BeH NPUBOLMT K U3MEHEHMAM B paboTe cepAeyH0-cocyamucTon cucTeMbl. [laHHbIA no-
POK pasBMTUS Yallle AMArHOCTUPYeTCSA B MNIAZEHYECKOM M paHHEM [ETCKOM BO3pacTeM BBUAY PELMAMBMPYIOLLMX 3MU30L0B
MHEBMOHWM M KPOBOXapKaHbsi. Bo B3pociioM Bo3pacTe aTpesuns NIEFOYHbIX BEH BCTPEYAETCS HAMHOTO PEXKE, KIMHUYECKH Xa-
PaKTEPU3YETCA TaKUMU NPOABSIEHNSMM, KaK 0AbILLUKA NPY GU3NYECKON Harpy3Ke U KpoBoXapKaHbe. OfHaKO B pefiKuX Cyqasnx
KIIMHUYECKUE CUMMTOMBI OTCYTCTBYIOT, MPW 3TOM M3MEHEHWUA B NapeHXUMe NIEMKMUX HOCAT HecneunpuIecKuii XapaKTep, BBUAY
Yero MoryT ObiTb OLLIMOOYHO pacLeHeHbl KaK NPOSIBEHUS Pa3fMYHbIX IEFOYHbIX 3aD01IeBaHUIA B TOM YKCIe BOCMANMTESNBbHO-
ro reHesa. B npefcTaBneHHoON cTaTbe OMMCAHO KIMHMYECKOEe HabMlofeHue COYeTaHUs OLHOCTOPOHHEN aTpe3nuy NErOYHbIX
BEH C rWMoniasuen NEro4HON apTepun U UHTEPCTULMANBHBIMU U3MEHEHUSMW B TUMOMN/Aa3MPOBAaHHOM JIETKOM Y MOMOAOro
MY)X4YMHbI Be3 anob co CTOpoHbI opraHoB AblxaHus. latonorun Bnepsoie BbisBNeHbI B 21 rof N0 AaHHLIM KOMMbHOTEPHOM
TOMOrpaduu C KOHTPACTHLIM YCUIIEHUEM.

KnioueBble cioBa: aTpesus; NEroyHble BeHbI; TMNONa3ns; NEFOYHbIE apTEPUM; HUXKHSAA N0NAs BEHA; KIIMHUYECKUIA ClyYai;
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INTRODUCTION

Pulmonary vein atresia is a congenital malformation
that commonly manifests in infants and young children with
recurrent hemoptysis and pneumonia [1]. It is extremely
rare in adults, with less than 40 cases of asymptomatic
unilateral pulmonary vein atresia newly diagnosed in adults
reported in foreign studies [2]. No such cases have been
described in Russian studies. This study presents a case of a
21-year-old male with right pulmonary vein atresia
associated with hypoplasia of the right pulmonary artery
and interstitial lesions in the right lung first identified with
computed tomography (CT).

DESCRIPTION OF THE CASE

Patient V, 21 years old, was referred to the City Clinical
Oncology Hospital No. 1 of the Moscow City Health Department
for a routine examination because of a history of left kidney
cancer (pT3NOMO) and status post left nephrectomy for
nephroblastoma in 2003.

Medical History

In 2020, a tumor was found in the solitary right
kidney. However, immunohistochemistry performed at
another healthcare facility showed no evidence of cancer.
The patient was followed up by an endocrinologist for
Denys—Drash syndrome (karyotype 46, XY; gonadectomy
for gonadal dysgenesis), hypergonadotropic hypogonadism,
gynecomastia, and short stature. The patient reported a
history of heart surgery in childhood. No additional data on
examinations and diagnostic and therapeutic interventions
performed before 2020 were available.

Physical Examination, Laboratory Tests,
and Investigations

In 2020, a routine chest X-ray showed decreased right
lung volume and a shaded, ill-defined lesion in the lower
part of the right lung (Fig. 1). During examination, the patient
presented no complaints.

Chest CT without contrast was performed to further
diagnose the abnormalities. The scan showed interstitial
lesions in the right lung, presenting as thickened intra- and
interlobular septa, mainly in the middle and lower parts of
the right lung, and thickened bronchial walls. Moreover, in
the mediastinum, an irregular soft tissue conglomerate was
detected in the right tracheobronchial and subcarinal lymph
nodes, with a homogeneous structure and density of +40 HU.
The findings indicated intrathoracic lymphadenopathy and
interstitial disease of the right lung with evidence of bullous
emphysema (Fig. 2).

Owing to the lung CT findings, the patient was referred
to a pulmonologist for further consultation, and a pulmonary
function test was conducted. Decreased respiratory function
of the lungs and restrictive and obstructive defects (forced
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expiratory volume in 1 second was 53%) were detected. In
the absence of clinical manifestations, watchful waiting and
consultation with an oncologist regarding the right kidney
mass and mediastinal lymphadenopathy were recommended.

In 2023, after consultation with an oncologist, the patient
was referred for laboratory tests (results within reference
limits). As part of watchful waiting, chest, abdominal, and
pelvic CT was performed with intravenous contrast. The scan
showed persisting decreased volume of the right lung with
significant interstitial abnormalities, ground-glass opacity,
and cysts in the affected lung. No changes from the previous
scan dated 2020 were noted.

Arterial and venous phase scanning along the margins
of the right main bronchus revealed multiple dilated,
tortuous arterial and venous vessels (bronchial and
intercostal) in the intrathoracic lymph nodes; without
contrast enhancement, they were previously interpreted as
manifestations of intrathoracic lymphadenopathy (Fig. 3).
The decreased diameter of the right pulmonary artery to
7 mm (vs. 14 mm on the contralateral side) and absence
of contrast enhancement in the right pulmonary veins were
clearly visualized in the three-dimensional reconstruction
of the heart (Fig. 4).

DISCUSSION

Pulmonary vein atresia is a rare congenital malformation,
with an incidence of 1.7 cases per 100,000 children aged
>2 years [3]. It is believed to occur during intrauterine

L

Fig. 1. Lung X-ray. Decreased volume of the right lung; a shaded
ill-defined lesion in the lower part of the right lung field (white
arrow).
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development when the common pulmonary vein fails to
incorporate into the left atrium [4—6]. In most cases, this
abnormality is diagnosed in infants and young children with
recurrent pneumonia and/or hemoptysis [1, 7, 11]. This
malformation can occur on either side, without left or right
predominance, and is often associated with a cardiovascular
disease, as in our patient with a history of heart surgery in
childhood. Additionally, in our case, indirect signs of tricuspid
regurgitation were detected, such as blood reflux into the
hepatic portion of the inferior vena cava and hepatic veins.

In adults, the main complaints include shortness of breath
on exertion and hemoptysis, often associated with pulmonary
hypertension [5]. However, in rare cases, the disease may be
asymptomatic [3, 8].

Vol.5 (2) 2024
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In 50% of cases, pulmonary vein atresia is isolated;
in the remaining cases, it is associated with other
malformations, such as pulmonary artery hypoplasia,
resulting in hypoperfusion and decreased size of the
affected lung [9, 12]. Pulmonary vascular malformations
cause vascular collaterals to form, characterized by
dilated intercostal and bronchial arteries and veins. They
fuse with newly formed vessels, resulting in thickened
interlobular septa, perifissural lesions, and ground-glass
opacity as a manifestation of lymphostasis and venous
congestion [2, 91. When blood flow in individual capillaries,
small arteries, and veins stops and the vascular network
is dilated and blood overflows into these vessels due to
impaired normal outflow, the affected lung parenchyma is

Fig. 2. Computed tomography of the lungs; (g, b) axial plane; (c) sagittal plane; (d) coronal plane. The volume of the right lung is decreased.
White arrows: thickened interlobular interstitium. Yellow arrows: lung cyst. Green arrow: homogeneous soft tissue conglomerate with a
density of +40 HU in the mediastinum. Computed tomography in 2023 showed no changes over time.
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Fig. 3. Computed tomography of the lungs; (a, b) axial
plane; c: coronal plane. White arrows: multiple vascular
collaterals along the bronchial contour. Black arrow:
hypoplasia of the right pulmonary artery.

Fig. 4. Absence of the right pulmonary veins (white arrows);
(a) computed tomography of the lung in the coronal plane;
(b) computed tomography of the lung in the axial plane;
(c) three-dimensional reconstruction of the heart.

DOl https://doiorg/1017616/DD619643
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inadequately supplied with blood. Consequently, the lung
tissue is compacted, and the alveolar capillary membrane
and interalveolar septa thicken due to increased connective
tissue proliferation. This leads to impaired pulmonary gas
exchange and hypoxemia [10].

In the present case, cysts were found in the affected
lung. This was not an incidental finding, but a consequence
of the destruction or underdevelopment of capillary
networks at the alveolar level due to insufficient blood
supply (2, 7].

Among the primary noninvasive diagnostic methods for
congenital cardiovascular abnormalities, echocardiography
is crucial for determining anatomical variability, size of the
main pulmonary vessels, and blood supply parameters. In the
present case, this examination was scheduled; however, the
patient did not show up.

A standard chest X-ray may show the decreased
volume of the affected lung and increased pulmonary
vascularity due to the reticular component. Follow-up
noninvasive diagnostics may include CT angiography and
heart magnetic resonance imaging (MRI) [9]. In our case,
heart MRI was not performed because CT visualized both
venous and arterial abnormalities, allowing the diagnosis
of venous insufficiency without using other modalities.
Moreover, contrast-enhanced CT showed the absence of
pulmonary veins, pulmonary artery hypoplasia, decreased
size of the right lung, and interlobular septa thickening due
to venous congestion.

Unilateral pulmonary venous atresia is a rare congenital
malformation often confused with secondary malignancy,
pneumonia, and pulmonary tuberculosis [3, 9]. In case of
clinical symptoms, pneumonectomy or lung transplantation
is recommended [9].
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CONCLUSION

Unilateral pulmonary vein atresia is a rare congenital
malformation that is often associated with other
cardiovascular abnormalities. A rare case of combined
asymptomatic congenital malformations of the pulmonary
vessels in a young man is presented. In some cases,
mediastinal and pulmonary lesions found in such patients
may be misinterpreted as a manifestation of pneumonia,
pulmonary tuberculosis, or cancer. However, a combination
of radiologic signs on contrast-enhanced chest CT may be
beneficial in the early diagnosis of this malformation.

ADDITIONAL INFORMATION

Funding source. This article was not supported by any external
sources of funding.

Competing interests. The authors declare that they have no
competing interests.

Authors’ contribution. All authors made a substantial contribution
to the conception of the work, acquisition, analysis, interpretation of
data for the work, drafting and revising the work, final approval of the
version to be published and agree to be accountable for all aspects
of the work. V.V. Zharikova — clinical evaluation of CT results, data
processing, writing text, text editing, preparing illustrations for the
article; V.A. Nechaev — clinical evaluation of CT results, text editing,
preparing illustrations for the article, advisory support, approval of
the final version of the text; E.A. Kulikova — clinical evaluation of CT
results, advisory support; A.L. Yudin — text editing, advisory support,
advisory support, approval of the final version of the text.

Consent for publication. Written consent was obtained from the patient
for publication of relevant medical information and all of accompanying
images within the manuscript Digital Diagnostics Journal.

7. Lee SC, Yi JG, Park JH. Cystic lung changes in a thin section
CT in an asymptomatic young adult with unilateral pulmanary vein
atresia: a case report. J. Korean Soc. Radiol. 2012;67(1):45—-48.
doi: 10.3348/jksr.2012.67.1.45

8. Park S, Cha YK, Kim JS, et al. Isolated Unilateral Pulmaonary
Artery Hypoplasia with Accompanying Pulmonary Parenchymal
Findings on CT: A Case Report. J. Korean Soc. Radliol. 2017;76(5):369—
373. doi: 10.3348/jksr.2017.76.5.369

9. Cong C-V, Ly T-T, Duc NM. Unilateral pulmonary vein
atresia: Literature overview and case report. Radiol Case Rep.
2022;17(4):1313-1317. doi: 10.1016/j.radcr.2022.01.057

10. Pavlenko SM. Pathological physiology. Moscow: Medgiz; 1940.
(In Russ).

11. Basavarai B, Arun S, Amarinder SM, et al. Unilateral pulmonary
vein atresia: diagnostic dilemma unfolded on imaging. BM.J Case Rep.
2018. doi: 10.1136/bcr-2017-224154

12. Narayanan R, Shankar B, Paruthikunnan S. Isolated unilateral
pulmonary vein atresia. Lung India. 2016;33(5):571-572.
doi: 10.4103/0970-2113.188990

367


https://doi.org/10.17816/DD619643
https://doi.org/10.7860/JCDR/2017/25670.10596
https://doi.org/10.1259/bjr/51344661
https://doi.org/10.1002/ccr3.2982
https://doi.org/10.1016/s0894-7317(14)80388-x
https://doi.org/10.2214/ajr.177.3.1770681
https://doi.org/10.4103/0971-3026.90681
https://doi.org/10.3348/jksr.2012.67.1.45
https://doi.org/10.3348/jksr.2017.76.5.369
https://doi.org/10.1016/j.radcr.2022.01.057
https://doi.org/10.1136/bcr-2017-224154
https://doi.org/10.4103/0970-2113.188990

368

CASE REPORTS

CMUCOK JIUTEPATYPbI

1. Patil P.P. Right pulmonary venous atresia: a rare cause for
recurrent unilateral pneumonia // J. Clin. Diagn. Res. 2017. Vol. 11,
N 9. P. SD01-SD02. doi: 10.7860/JCDR/2017/25670.10596

2. KimY, Yoo lR, Ahn M., Han D.H. Asymptomatic adults with isolated,
unilateral right pulmonary vein atresia: multidetector CT findings // Br.
J. Radiol. 2011. Vol. 84, N 1002. P. 109-113. doi: 10.1259/bjr/51344661
3. CohnH.-ER, Hicks M., Lacson A, Hicks A. Left hypoplastic lung and
hemoptysis — rare familial unilateral pulmonary vein atresia // Clin.
Case Rep. 2020. Vol. 8, N 9. P. 1698-1703. doi: 10.1002/ccr3.2982

4. Reller M.D., McDonald RW., Thornburg K., et al. Cardiac embryology:
basic review and clinical correlations // J. Am. Soc. Echocardiogr. 1991.
Vol. 4, N 5. P. 519-532. doi: 10.1016/s0894-7317(14)80388-x

5. Heyneman LE., Nolan RL., Harrison J.K, McAdams H.P.
Congenital unilateral pulmonary vein atresia: radiologic findings
in three adult patients // Am. J. Roentgenol. 2001. Vol. 177, N 3.
P. 681-685. doi: 10.2214/ajr.177.3.1770681

6. Dixit R., Kumar J., Chowdhury K., et al. Case report: isolated
pulmonary vein atresia diagnosted on 128-slice multidetector
CT // Indian J. Radiol. Imaging. 2011. Vol. 21, N 4. P. 253-256.
doi: 10.4103/0971-3026.90681

AUTHORS’ INFO

* Veronika V. Zharikova;

address: 18A, Zagorodnoe shosse, 117152, Moscow, Russia;
ORCID: 0009-0007-1659-8325;

e-mail: ZharikovaVV@zdrav.mos.ru

Valentin A. Nechaev, MD, Cand. Sci. (Medicine);
ORCID: 0000-0002-6716-5593;

eLibrary SPIN: 2527-0130;

e-mail: NechaevWA1@zdrav.mos.ru

Evgenia A. Kulikova;

ORCID: 0000-0002-0319-4934;

eLibrary SPIN: 2884-4803;

e-mail: kulikovaEA14@zdrav.mos.ru

Andrey L. Yudin, MD, Dr. Sci. (Medicine), Professor;
ORCID: 0000-0002-0310-0889;

eLibrary SPIN: 6184-8284;

e-mail: prof_yudin@mail.ru

* Corresponding author / ABTop, 0TBETCTBEHHBIN 3@ NEpenmucky

Vol.5 (2) 2024

DOl https://doiorg/1017616/DD619643

Digital Diagnostics

7. Lee S.C,YiJG., Park J.H. Cystic lung changes in a thin section
CT in an asymptomatic young adult with unilateral pulmonary vein
atresia: a case report // J. Korean Soc. Radiol. 2012. Vol. 67, N 1.
P. 45-48. doi: 10.3348/jksr.2012.67.1.45

8. Park S, Cha YK, Kim JS.,, et al. Isolated Unilateral Pulmonary
Artery Hypoplasia with Accompanying Pulmonary Parenchymal
Findings on CT: A Case Report // J. Korean Soc. Radiol. 2017. Vol. 76,
N 5. P. 369-373. doi: 10.3348/jksr.2017.76.5.369

9. CongC.-V, Ly T-T., Duc N.M. Unilateral pulmonary vein atresia:
Literature overview and case report // Radiol. Case Rep. 2022.
Vol. 17, N 4. P. 1313-1317. doi: 10.1016/j.radcr.2022.01.057

10. MaeneHko C.M. Matonormyeckas ¢uanonorms. Mockea :
Menrus, 1940.

11. Basavarai B, Arun S., Amarinder S.M,, et al. Unilateral pulmonary
vein atresia: diagnostic dilemma unfolded on imaging // BMJ Case
Rep. 2018. doi: 10.1136/bcr-2017-224154

12. Narayanan R., Shankar B., Paruthikunnan S. Isolated unilateral
pulmonary vein atresia // Lung India. 2016. Vol. 33, N 5. P. 571-572.
doi: 10.4103/0970-2113.188990

0b ABTOPAX

* ¥apukoBa Beponuka BanepbeBHa;

agpec: Poccus, 117152, r. Mocksa, yn. 3aropogHoe Locce, 18A;
ORCID: 0009-0007-1659-8325;

e-mail: ZharikovaVV@zdrav.mos.ru

Hevyaes BaneHTuH AnekcaHApoOBUY, KaHA. Me[. Hayk;
ORCID: 0000-0002-6716-5593;

eLibrary SPIN: 2527-0130;

e-mail: NechaevVA1@zdrav.mos.ru

Kynukosa EBreHus AnekcaHapoBHa;

ORCID: 0000-0002-0319-4934;

eLibrary SPIN: 2884-4803;

e-mail: kulikovaEA14@zdrav.mos.ru

10auH AHppeit JleoHnaoBuy, [-p Me[. HayK, Npodeccop;
ORCID: 0000-0002-0310-0889;

eLibrary SPIN: 6184-8284;

e-mail: prof_yudin@mail.ru



https://doi.org/10.7860/JCDR/2017/25670.10596
https://doi.org/10.1259/bjr/51344661
https://doi.org/10.1002/ccr3.2982
https://doi.org/10.1016/s0894-7317(14)80388-x
https://doi.org/10.2214/ajr.177.3.1770681
https://doi.org/10.4103/0971-3026.90681
https://doi.org/10.3348/jksr.2012.67.1.45
https://doi.org/10.3348/jksr.2017.76.5.369
https://doi.org/10.1016/j.radcr.2022.01.057
https://doi.org/10.1136/bcr-2017-224154
https://doi.org/10.4103/0970-2113.188990
https://doi.org/10.17816/DD619643
https://orcid.org/0009-0007-1659-8325
mailto:ZharikovaVV@zdrav.mos.ru
https://orcid.org/0000-0002-6716-5593
https://www.elibrary.ru/author_profile.asp?spin=2527-0130
mailto:NechaevVA1@zdrav.mos.ru
https://orcid.org/0000-0002-0319-4934
https://www.elibrary.ru/author_profile.asp?spin=2884-4803
mailto:kulikovaEA14@zdrav.mos.ru
mailto:prof_yudin@mail.ru
https://orcid.org/0009-0007-1659-8325
mailto:ZharikovaVV@zdrav.mos.ru
https://orcid.org/0000-0002-6716-5593
https://www.elibrary.ru/author_profile.asp?spin=2527-0130
mailto:NechaevVA1@zdrav.mos.ru
https://orcid.org/0000-0002-0319-4934
https://www.elibrary.ru/author_profile.asp?spin=2884-4803
mailto:kulikovaEA14@zdrav.mos.ru
mailto:prof_yudin@mail.ru

CASE REPORTS Vol. 5 (2) 2024 Digital Diagnostics 70
7

DOI: https://doi.org/10.17816/DD625432

An Unknown Situs Viscerum Inversus Totalis,
Accidentally Discovered After Computed Tomography
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ABSTRACT

Benign situs inversus totalis of the viscerum is often diagnosed accidentally, rarely in adults, and more frequently in children
and neonates, affecting both sexes. In this report, a young female patient accidentally discovered a situs inversus totalis after
computed tomography for acute abdominal pain. In this uncommon anatomical abnormality, the major visceral organs are
reversed in the opposite direction. This report highlights the importance of being aware of and considering situs inversus in
clinical practice, particularly when interpreting imaging findings and planning medical procedures. This is critical for differential
diagnosis and comorbidities that may affect those patients.

The cause of situs inversus totalis is still unknown; however, this condition is frequently asymptomatic, particularly in infants,
and is sometimes associated with other syndromes. The patient arrived at the emergency department with left flank pain,
nausea, and fever. In the first ultrasonography, a strange anatomy was suspected; thus, a contrasted computed tomography
was performed. The patient had never had a computed tomography scan before. The identification of situs inversus totalis was
unexpected and coincidental; the computed tomography images were carefully examined. In patients with chest or abdominal
pain, clinicians may consider situs inversus totalis based on computed tomography, particularly if without clinical and imaging
history. This knowledge can help in the differential diagnosis, avoiding unneeded interventions. Moreover, comorbidities that
affect several systems, particularly cardiovascular and pulmonary systems, affect quite a few patients with situs inversus totalis,
who require careful examination and lifelong monitoring.

Keywords: computed tomography; diagnostic imaging; situs inversus totalis; viscerum inversus; anatomic variation;
dextrocardia; left-sided gallbladder; left-right asymmetry; mirror-image transposition.
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Monnas TpaHcno3uumsa BHYTPEeHHUX OpraHoB
HeACHOW 3TMONOrUM, Cy4alHO BbisIBJIEHHas
NpyU KOMMbIOTEPHOU TOMOrpaguu

M. Montatore', M. Balbino', F. Masino', T. Ruggiero?, G. Guglielmi" %3

! University of Foggia, ®oma, Utanms;
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AHHOTALINA

[lobpokayecTBeHHas TpaHCNO3ULMA BHYTPEHHUX OpraHoB (situs inversus totalis) yacTo AuarHoCTMpyeTcs Cy4anHo, peaKo
Yy B3pOC/ibIX M Yallle Y AeTer U HOBOPOXAEHHBIX, KaK NpaBuio, y npeActaButenen obonx nonos. B aaHHol cTaTbe onucaH
Cny4ad MONOLOW MALMEHTKM, Y KOTOPOI cryyalHo obHapyxwunm situs inversus totalis npu KoMnbloTepHoW ToMorpadum
no nosogy ocTpoit 6onm B xuBoTe. Mpu 3TOM peaKoit aHOManuu OCHOBHbIE BHYTPEHHME OpraHbl UMEIOT 3epKanbHOe pacno-
noxeHue. [laHHbIA cnyyaii NoAYEPKMBAET BaXKHOCTb MHGOPMMPOBAHHOCTY BPayYen U Y4ETa Situs inversus B KIIMHUYECKOM
MpaKT1Ke, 0COOEHHO NpY UHTEpNpeTaLMM pe3ynbTaToB BU3yann3auum U NIaHWPOBaHWN MeLMLMHCKUX Npouenyp. 3HaHusA
0 NOJ0BHBIX aHOManMAX 04eHb BaHbl A8 AuddepeHUManbHON SUArHOCTUKM W BbISIBNIEHWS CONYTCTBYIOLLMX 3aboneBaHuii
Yy TakuX NaLMEHTOB.

3monorus situs inversus totalis 0o cux Mop He SicHa, 0JHaKO 3TO COCTOSHME YacTo NpoTeKaeT 6eccMMNTOMHO, 0COBEHHO
Y MNIafeHLEB, U MHOTAA accoLMMpYeTCs € APYrMMUM CMHApOMaMu. Halla nauueHTKa NocTynuna B OTAENEHUE HEOT/IOMHOM
nomoLm ¢ 6onblo B NeBOM 60Ky, TOLWHOTOW M NIUXOpPaaKoi. [pu nepBoM ynbTpa3ByKOBOM MCCNEA0BaHWM Bbiio BbISBNEHO
HETUMUYHOE PacnosioXeHUe BHYTPEHHWX OpraHoB. 10 3ToW NpuunHe Bbina Ha3HayeHa KOMMbIOTEPHas TOMOrpadus C KOH-
TpacTMpOBaHUeEM, NOCNE Yero CHUMKM Bbin TLLaTebHO U3ydeHbl. PaHee nauMeHTKa HUKOr4a He NpoXoauna KOMMbIOTEPHYHo
ToMorpacmio, noatoMy situs inversus totalis okazanacb HeOXULAHHOM W ClyyaiiHOW HaxoaKoM. [pu bonsx B rpyan unn xu-
BOTE Bpayu MOryT MpeLnonoXuUTb Hanuuue situs inversus totalis no pesynbTataM KOMMblOTEpHOH ToMorpadmm, ocobeHHo
€CNM HET APYrvX KIMHUYECKUX M BU3YalM3aLMOHHBIX AaHHbIX B aHaMHe3e. 3TW 3HaHus MoryT noModb B AuddepeHumanb-
HOW AMarHOCTMKe, No3BoNAs M3bexaTb HeHYXHbIX BMellaTenscTB. bonee Toro, conytcTByowme 3aboneBaHus, 3aTparu-
BaloOLLiMe HECKOSIbKO CUCTEM OpraHoB, B YaCTHOCTU CepAEYHO-COCYAUCTYIO M NIErOYHYI0, BCTPEYAIOTCA Y MHOMMX MauuMeHToB
c situs inversus totalis, 4to TpebyeT TiwaTenbHOro 0bcnesoBaHNs U HAbNIOAEHNS 32 HUMK B TEYEHWUE BCEW JKU3HMU.

KntoueBble cyioBa: KoMnbloTepHas ToMorpadus; AMarHocTUYecKas Busyanusauus; situs inversus totalis; viscerum inversus;
aHaTOMWYECKUIN BapWaHT; QEKCTPOKApAMS; NIEBOCTOPOHHMUIA XEeNYHbIA My3bipb; JIEBO-MPaBas aCUMMETPUS; 3epKasibHas
TpaHCno3uuus.
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INTRODUCTION

Situs viscerum inversus (SI) is a congenital anatomical
disorder characterized by a mirror-image reversal of the major
visceral organs (complete or incomplete), and the organs are
arranged as opposed to the typical arrangement [1-6].

The term “situs” refers to the visceral pattern and individual
asymmetric internal organs, which include the gastrointestinal
tract, liver, spleen, and lung [7]. Sl is classified into solitus
(normal), inversus (mirror-image of normal), and situs
ambiguous. Thus, situs solitus means normal anatomy, situs
inversus describes total reversal, and situs ambiguous denotes
any other anomalies of left-right development.

Sl could be divided into totalis (SIT) or incomplete; this
second condition is also known as “partial,” in which only
some visceral organs are transposed, whereas others remain
normal. The extent of organ reversal varies; usually, the
patient has a normal left-side heart and abdominal organ
transposition [8—10]. The origin of these conditions is still
unknown; however, they are frequently asymptomatic,
particularly in infants. This clinical condition could create
several thoracic problems, particularly in the heart level, and
abdominal complications [11]. SIT could also complicate the
diagnostic assessment and future treatment.

DESCRIPTION OF THE CASE
Medical History

A 56-year-old female patient presented to the emergency
department with recurrent and colic left flank pain, particularly
on the left side of the abdomen. She experienced intermittent
pain migrating upward, to the back, under the shoulder blade
and left shoulder [7-12].

She also reported nausea and vomiting, and the first
hypothesis of the physician was biliary colic. Thus, some
blood test was required, and ultrasonography (US) was
initially performed. Due to precarious social conditions, the
patient had never had any imaging tests until that moment.
The US results were suspicious of something strange in the

Vol.5 (2) 2024
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abdominal anatomy; thus, a contrasted CT was performed
(Fig. 1).

The patient had not experienced any other significant
cardiac or respiratory symptoms or previous CT. The first
CT image of the thorax showed dextrocardia and a new
diagnostic hypothesis was created. Further imaging studies
of the thorax and abdomen confirmed the diagnosis of an
unknown SIT (Fig. 2 and 3 ).

Diagnostic Assessment

The contrasted CT confirmed the SIT: an asymptomatic
situs viscerum inversus totalis (Fig. 4).

In addition, the images from the high abdomen show a
left-sided gallbladder with some micro-calculi, which could
explain the clinical condition of recurrent flank pain on the
left [1-7]. For the most part, this unsuspected discovery
appeared completely innocuous for the patient’s health [9].

Differential Diagnosis

was a crucial point in this case. The first problem was to
know the causes of the acute flank pain on the left [11-13].
The patient has opposing anatomy; thus, the causes of this
pain differ from the normal: biliary colic on the left, which is
normally localized on the right [9]. This clinical condition was
also confirmed by laboratory tests, which revealed a small
increase in C-reactive protein level, white blood cell count,
and transaminase levels.

Interventions

This case is not directly related to significant symptoms
or acute problems due to SIT; instead, the interventions were
focused on critical symptoms and the management and
prevention of complications [12-16]. Biliary colic treatment
aims to reduce pain with painkillers and antispasmodics to
relieve symptoms (Fig. 5).

The future treatment regimen and follow-up for SIT are
frequently interdisciplinary, comprising pulmonologists,
cardiologists, and gastroenterologists. The management plan
is adapted to the needs of each patient.

Fig. 1. Axial-computer CT images of the chest without (a) and with contrast medium (b) that show dextrocardia. In this case of situs
inversus, the left lung has three lobes, the right lung has two lobes, and the heart apex is on the right.
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Fig. 2. Axial CT images of the abdomen without (a) and with contrast medium (b) show SIT and some calcific calculi in the gallbladder.
The stomach and spleen are on the left, and the bigger lobe of the liver is on the right.

Fig. 4. The SIT is in a coronal plane of the CT (a) and two volume rendering (VR) VR images: (b) from the front and (c) behind.
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Fig. 5. The gallbladder appears with multiple calcific calculi. These CT images without (a) and with (b) contrast medium justify the

left-sided abdominal pain.

Follow-up and Outcomes

To optimize care and maintain the best possible quality
of life, regular follow-up and communication between
physicians and patients are essential in the present and
future conditions [15-17].

DISCUSSION

Sl refers to a reversal positioning of the heart and major
internal organs [1-4]. It is an uncommon congenital anomaly
that manifests as a mirror-image transposition of both
the abdominal and thoracic organs [5]. Dextrocardia (true
mirror-image) is commonly related to Sl, and the aorta is
up-directed on the opposite side (Fig. 6).

This condition could affect the chest, particularly
the heart and large blood vessels because each cardiac
chamber is asymmetrical; situs also applies to the heart.

In addition, the anatomy of the arteries and the abdomen is
mirrored (Fig. 7).

Currently, SIT still has no clear and recognized causes.
Given the frequent relationship between aberrant situs and other
unusual congenital abnormalities, a study proposed an acquired
etiology originating from an in-utero insult that disrupts the
normal process of differentiation and orientation [8].

This anatomical condition could complicate the diagnostic
process and diagnostic/treatment procedures, particularly
invasive ones. Because of their rarity, practicing doctors,
such as gastroenterologists, radiologists, and surgeons,
typically have little experience with these patients [14-17].

CONCLUSION

Many people with SI are unaware of this condition until
they experience some symptoms that require treatment or

Fig. 6. A series of VR images of the mediastinum that show the heart and aorta directed on the right from different perspectives (a in

front) (b behind, on the left) (c behind, on the right) on rotation.
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Fig. 7. The artery’s anatomy of the abdomen in the case of SIT: on the left, there is the liver, and the spleen is on the opposite side. The

first is an angio-map (a) while the second is a VR image (b).

until they undergo clinical examinations, for example, chest
auscultation or US of the abdomen. However, follow-up is
required because mirrored architecture can make future
disorders more difficult to detect. Thus, regular evaluations
and communication between doctors and patients with SIT
are critical for optimizing care and preserving the highest
possible quality of life, against the resolution of future
pathologies and syndromes.
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Difficulties in the Radiological Diagnosis
of Mature Adrenal Teratoma Mimicking
Neuroblastoma in a Child

Ekaterina S. Shchelkanova, Galina V. Tereshchenko, Alexey S. Krasnov

Dmitry Rogachev National Medical Research Center of Pediatric Hematology, Oncology and Immunology, Moscow, Russia

ABSTRACT

The most common adrenal tumor in young children is neuroblastoma, which can be difficult to differentiate from other conditions
such as nephroblastoma, adrenal hemorrhage, angiomyolipoma, myelolipoma, and adenoma. This article describes a case of
teratoma, one of the rarest adrenal tumors in children. Initially, despite its large size, it demonstrated all the radiological and
histological signs of neuroblastoma. Teratomas are germ cell tumors usually found in the gonads. Adrenal teratomas are
extremely rare, accounting for approximately 0.13% of all adrenal tumors. Typically, adrenal teratomas are asymptomatic, as
the retroperitoneal space is large enough to accommodate the growth of the tumor without causing symptoms. For the first
time in domestic literature, we present a clinical case of adrenal teratoma in a 3-month-old child. The article also presents a
detailed description of the diagnostic process and challenges that radiologists and clinicians face when encountering a common
tumor in a very rare location for children. This report aimed to help physicians increase awareness of this rare condition and
include adrenal teratomas in the potential differential diagnosis of adrenal neoplasms.
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TpyaHOCTH Ny4eBOW AUArHOCTUKM 3pesiod TepaToMbl
HapNo4YeYHUKa, UMUTUpYIOLLEH HeiipobnacToMy,
y pe6éHka

E.C. WenkaHosa, I'.B. Tepewuenko, A.C. KpacHos

HaumoHanbHbIA MeaNLMHCKMIA CCNeL0BaTeNIbCKUI LIEHTP AETCKON reMaToNorii, OHKONOrM U UMMYHOJOM MU
umenmn [IMutpus Porauesa, Mocksa, Poccust

AHHOTALIMA

Haubonee yactoe 0bpa3oBaHMe HagnO4YEHHUKOB Y AETEN paHHEro Bo3pacta — 3T0 HelpobnacToMa, B AnddepeHLmManbHbIN
PSA KOTOPOW BKITIOYEHDI Takue 0bpa3oBaHms, Kak HedpobnacToMa, KpOBOU3NIUAHKUE B HAAMOYEYHMK, aHTUOMUONUMOMA, MUe-
nonunoma u afieHoMa. B naHHou cTaTbe onucaH cnyyal 0fHOM U3 CaMblX PeKUX OMyXosiel HaANOYeYHUKOB Y AeTen — Te-
paToMbl, KOTOpas Ha HauasbHbIX 3Tanax AMarHoCTUKK, HECMOTPSA Ha KPYNMHbIW pa3Mep, LEMOHCTPUPOBaNa BCe PEHTTEHOMOMM-
YECKWe W MUCTONOrMYecKUe NpPU3HaKKU HeWpobnacToMbl.

TepaToMbl — 3T0 repMUHOrEHHO-KNIETOYHbIE ONYX0/W, 0BbINHO 0BHapyKMBaeMble B 0651acTM roHaf. TepaToMbl Hagnouyey-
HWKOB BCTPeYaloTCs KpaHe pefko u coctasnsioT okoso 0,13% Bcex obpa3oBaHui HapnoyeyHukoB. Kak npaBuio, TepaToMbl
HaANoYeYHMKOB MPOTEKAKT HECCMMNTOMHO 3a CYET TOro, YTO 3abpIOLLIMHHOE NPOCTPAHCTBO LOCTAaTOMHO 0BLWMPHO ANs CBO-
boaHoro pocTa 06pa3oBaHms.

BrepBble B 0TeYeCTBEHHOI NMTEpaType HaMM NPEeLCTaB/IEH KITMHUYECKUA Cy4aii TepaToMbl HAaNOYeYHUKa y pebEHKa B BO3-
pacTe 3 MecsiueB. B cTatbe Takke nofpobHO ONUCAH X0, AWMArHOCTUYECKUX UCCNEAO0BaHUA U Te COMHOCTHM, C KOTOpbIMM
PEHTFEHOMOMM U KJIMHULMCTBI CTOJIKHYNIMCb, BCTPETMB PacnpoCTpaHEHHYI0 B LETCKOM BO3pacTe ONyXojib B OYEHb PeLKOM
ANS HeE NIoKanu3aumm.

[laHHas cTaTbsl MOXET NOMOYb BpayaM MOBbICUTb OCBEJOMJIEHHOCTb O TaKOM pefKoM 3aboneBaHWM W BKIOUMTbL TepaToMy
HaANoYeYHMKOB B NOTEHLMaNbHbIA auddepeHUmManbHbii pas HoBoobpa3oBaHMiA HaANOYeYHUKOB.

KnioueBble cnoBa: TepaTtoMa Haano4yevyHnKa; KJIMHUYECKUM CJ'Iy’-IBVI; neguatpua; ny4yesad oUarHOCTUKa.
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INTRODUCTION

Primary adrenal tumors are a critical area of clinical
oncology that presents diagnostic and therapeutic challenges.
Based on the fourth edition of Classification of Tumors of
Endocrine Organs by the World Health Organization published
in 2017, all adrenal tumors can be classified into two large
groups [11:
1) Tumors of the adrenal cortex;
2) Tumors of the adrenal medulla and extra-adrenal
paraganglia.

The first group comprises tumors that originate from
the adrenal cortex or predominantly affect it, including
adenocarcinoma, adenoma, sex cord stromal tumors,
adenomatoid tumors, mesenchymal and stromal tumors
(myelolipoma and schwannoma), and hematolymphoid
tumors.

The second group encompasses pheochromocytoma,
paraganglioma, and neuroblastic adrenal tumors
(neuroblastoma, ganglioneuroblastoma, and ganglioneuroma).

Currently, neuroblastoma is the most prevalent adrenal
tumor in children and incorporates such differential diagnosis
categories as nephroblastoma, adrenal hemorrhage,
angiomyolipoma, myelolipoma, and adenoma [2-4].

This article details a case report of primary mature
teratoma of the left adrenal gland in a child. The tumor
was initially diagnosed as neuroblastoma. The article also
provides differential diagnosis categories for this condition.

As per the literature review, approximately 20 comparable
cases in children have been reported worldwide [3, 5, 6].
However, we were unable to locate relevant case reports in
Russian literature.

DESCRIPTION OF THE CASE
Medical History

The patient has been unwell since August 2020 (age
of 2 months), when a routine abdominal ultrasound (US)
revealed a left kidney space-occupying mass (197 cm®). The
patient’s previous medical history was unremarkable.

According to the medical history:

On September 21, 2020, the patient was admitted to
the Urology Department. The tumor markers assessed as of
September 22, 2020 were:

» Neuron-specific enolase (NSE) elevated to 24.7 ng/mL

(normal range: 0-16.3 ng/mL);

+ Alpha-fetoprotein (AFP) elevated to 971 ng/mL (normal

range: 323 + 278 ng/mL).

September 23, 2020: A contrast-enhanced abdominal
multislice computed tomography (MSCT) revealed a
retroperitoneal space-occupying mass on the left, measuring
81 x 71 x 87 mm (volume: 260 cm®), with a heterogeneous
structure incorporating areas of calcification and inclusion
cysts; the contrast uptake was weak. The neoplasm extended
to the renal sinus area, without discernible signs of extension
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into the renal parenchyma. The adrenal gland extended
across the lateral contour. The renal vessels on the left
side followed the tumor contour; the superior mesenteric
artery was displaced to the right, while the celiac artery was
displaced upward (Fig. 1).

September 29, 2020: No tumor cells were detected in
myelogram findings.

The surgery, which involved laparotomy and
retroperitoneal tumor biopsy, was conducted in early
October. The histological examination revealed the tumor to
be a high-grade neuroblastoma. The diagnosis was further
corroborated by the examination of histologic specimens
at the Dmitry Rogachev National Medical Research Center
of Pediatric Hematology, Oncology, and Immunology. A
cytogenetic test was not performed because of insufficient
sample size.

Following the examination, a clinical diagnosis of
left-sided retroperitoneal neuroblastoma extending to the
abdominal cavity was established. Therapy was initiated in
accordance with the NB-2004 protocol.

October 16, 2020: The patient was referred for follow-up
magnetic resonance imaging (MRI) at their place of residence.
The MRI revealed disease progression, with a tumor size
increase to 104 x 77 x 118 mm (volume: 491 cm®). The
tumor exhibited a cystic and solid structure, with areas of
hemorrhage and signs of active contrast uptake. The adrenal
gland was spread along the lateral contour of the tumor. The
tumor contour was followed by the renal vessels on the left;
the superior mesenteric artery was displaced to the right,
and the celiac artery was displaced upward. The study did
not incorporate contrast sequences or weighted sequences
with fat suppression (Fig. 2).

Hospitalization

Because of the disease progression, the patient was
admitted to the Clinical Oncology Department of the Dmitry
Rogachev National Medical Research Center for further
examination and determining the suitable treatment strategy.

Upon admission, the test for NSE was repeated, revealing
elevated levels of 19.64 ng/mL (normal range: 0—16.3 ng/mL). A
blood test for cortisol was conducted to exclude a hormone-
producing tumor, yielding a value of 17.3 pg/dL (normal
range: 3.7-19.4 yug/dL).

October 30, 2020: A metaiodobenzylguanidine scintigraphy
demonstrated no reliable signs of radiopharmaceutical uptake
(Fig. 3).

November 1, 2020: A contrast-enhanced MRI was
conducted as a follow-up to ascertain the type of the tumor. A
series of abdominal scans revealed persistent signs of a cystic
and solid retroperitoneal mass lesion on the left, which was
irregularly shaped had relatively clear and smooth contours
with areas of intratumor hemorrhage (restricted diffusion
areas in diffusion-weighted images) and fat deposits (signal
dropout in the spectral pre-saturation with inversion recovery
(SPIR) mode). The total dimensions of the lesion were up to
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Fig. 1. Initial abdominal computed tomography using intravenous contrast dated September 23, 2020, a pattern of a space-occupying
retroperitoneal mass on the left: (a) axial plane; the arrow indicates the displacement of the superior mesenteric artery to the right;
(b) axial plane; (c) sagittal plane; the arrow indicates the upward displacement of the celiac artery; (d) coronal plane; the arrow indicates
the tumor extension into the renal sinus.

Fig. 2. Abdominal magnetic resonance imaging dated November 16, 2020: (a) T1-weighted image, sagittal plane; (b) T2-weighted image,
sagittal plane; (c, d) T1-weighted images, axial plane; a space-occupying mass of the left adrenal gland, with an increase in the size over
time. Orange arrows indicate an attenuated signal from the cystic tumor component; the blue arrow indicates an enhanced signal from

the solid tumor component.
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Fig. 3. Metaiodobenzylguanidine scintigraphy dated October 30,
2020. There was no indication of radiopharmaceutical uptake.
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89 x 112 x 141 mm (volume: 731 cm?). The tumor volume
increased by 49% in comparison to the previous investigation.
A focal MRI contrast absorption in solid components was
observed because of intravenous contrast enhancement. The
tumor caused caudal displacement of the left kidney to the
small pelvic area. The left adrenal gland was not visualized.
The spleen was displaced forward, and the tumor margin
was clearly visible. The celiac artery followed the medial
contour, while the spleen vessels followed the anterior tumor
contour. The pancreas extended across the anterior tumor
contour and was in close proximity to the tumor. The caudal
misplacement of the left hemidiaphragm was a result of the
tumor’s upper margin being contiguous to it, which in turn
reduced the volume of the left lung (Fig. 4).

The MRI revealed fat deposits (signal dropout in the SPIR
mode) that are atypical for neuroblastoma. Hence, for the
first time, a germ cell tumor, i.e., retroperitoneal teratoma
(possibly, left adrenal gland teratoma) or a mesenchymal
tumor, was suspected.

The following day, abdominal computed tomography was
conducted, which verified calcification and fat deposits in the
mass with the cystic and solid components, with a weak
contrast uptake (Fig. 5).

Considering an increase in the tumor size during the initial
chemotherapy course, tumor characteristics with signs of fat
deposits and tumor infiltration of the renal sinus area, as
well as the absence of cytogenetic test findings, surgery was
recommended. This procedure included repeated laparotomy

Fig. 4. Contrast-enhanced abdominal magnetic resonance imaging dated November 11, 2020, coronal (a) and axial (b—e) planes:
(a) T2-weighted image; diminished volume of the left lung caused by the tumor pressing on the left hemidiaphragm (double orange
arrow), displacement of the left kidney to the pelvic area (orange arrow); (b) T2-weighted image; multiple cysts in the tumor (orange
arrow); (c) T1-weighted image +C; focal contrast uptake in solid components (orange arrow); (d) T2 SPIR; signal dropout because
of fat deposits in the tumor (orange circle); (e) diffusion-weighted image; restricted diffusion areas due to intratumor hemorrhages

(orange arrows).
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Fig. 5. Contrast-enhanced abdominal computed tomography dated November 1, 2020: (a, b) axial plane; (c) sagittal plane; (d) coronal
plane. Orange arrows indicate the hypodense areas (fat deposits) of the tumor, with a density of —80 HU; blue arrows indicate calcification.

and retroperitoneal tumor resection to conduct routine
histopathological examination and cytogenetic testing.

November 4, 2020: Laparotomy, retroperitoneal tumor
resection, and left ureter stenting were performed as part of
surgical treatment.

November 9, 2020: The laboratory findings revealed that
the AFP levels returned to normal (51 ng/mL).

Histopathological findings: the morphological pattern was
consistent with mature teratoma of the left adrenal gland.
The tumor originated from the adrenal medulla.

Thus, the final diagnosis of ature teratoma of the left
adrenal gland was established.

The patient was discharged in stable condition at the
age of 5 months to be dynamically observed by a pediatric
oncologist at their place of residence. There were no
indications to continue any particular therapy.

DISCUSSION

Teratomas are germ cell tumors that develop from
totipotent cells [5]. They comprise well-differentiated or not
fully differentiated elements of at least two germ cell layers
(endoderm, ectoderm, and/or mesoderm).

It is hypothesized that the initial involvement of the
retroperitoneal space is a consequence of the disruption of
normal embryological migration of primary germ cells at
various points between their development in the yolk sack
and their “final destination” in the labioscrotal swellings [7].

DOI: https://doiorg/10.17816/DDé622768

There are four histological variants of teratomas: mature,
immature, with malignant transformation, and monodermal
[7]1. Mature teratomas are well-differentiated relative to
germ cell layers. Immature teratomas are not completely
differentiated and are comparable to fetal or embryonic tissue
[8]. Teratomas may contain hair, skin, teeth, nerves, adipose
tissue, cartilages, etc. [3]. Adrenal teratomas are exceedingly
uncommon, and teratomas that originate outside the gonads
are exceedingly unusual. The Peking Union Medical College
in China conducted the most extensive study of adrenal
disorders, treating 3,901 patients between March 2009
and February 2014. Of these, five patients (four adults and
one child) were diagnosed with primary adrenal teratoma,
accounting for 0.13% [9].

Adrenal teratoma patients typically do not exhibit any
clinical symptoms of the disease since the retroperitoneal
space is sufficiently vast to accommodate unrestricted
tumor growth. Certain patients complain of lower back pain,
a palpable mass in the abdomen, and upper abdominal pain [3].

In children, abdominal ultrasound is typically the
preferred imaging method, The detection rate of masses in
the early phases has been enhanced by the combination of
prophylactic abdominal and retroperitoneal ultrasound one
month after birth and antenatal ultrasound examination of
the fetus [10]. Ultrasound enables the identification of cystic,
solid, and other complex tumor components [11].

MSCT and MRI are essential for evaluating the size of
tumors in the retroperitoneal space and their association
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Fig. 6. Initial contrast-enhanced abdominal computed tomography dated September 23, 2020, axial plane. Arrows indicate small hypodense

areas of the tumor, with a density of -70 HU.

with large vessels. This enhances preoperative planning
and increases the possibility of total tumor resection with
a lower risk of iatrogenic injury [12]. Fat deposits, cysts,
and calcification are considered significant predictors of a
benign teratoma on MSCT [13]. MRI exhibits a high natural
contrast of soft tissues; moreover, it is overly sensitive to
small fat deposits when sequences with fat suppression
are employed. Retroperitoneal teratomas can express
AFP; thus, its serum levels are a reliable parameter for
the diagnosis and evaluation of tumor recurrence [14].

This case report underscores the need to thoroughly
examine the tumor node structure and assess the density of
different tumor components. The retrospective examination
of the diagnostic errors revealed that teratoma could have
been suspected as early as the initial abdominal MSCT,
as the presence of small hypodense inclusions (=70 HU)
consistent with the lipid component of the tumor and
uncharacteristic of neuroblastoma should have been
considered (Fig. 6).

Moreover, the diagnosis of adrenal teratoma was inferred
from the clear and smooth contours of the tumor, which
displaced vessels without surrounding them; in contrast,
neuroblastoma exhibits indistinct, irregular contours and
affects vessels by infiltrating them. The presence of a cystic
and solid component and calcification is typical for both
tumors. The absence of radiopharmaceutical uptake during
scintigraphy, low NSE levels, and high AFP levels are also
suggestive of teratoma. The histopathological examination’s
errors may be attributed to a biopsy performed at a less
informative site and a limited sample size.

Notably, adrenal tumors, except for neuroblastomas, are
exceedingly uncommon in children. Teratomas should be
differentiated from other tumors that contain a fat component
and calcification.

Fat-containing adrenal tumors include myelolipoma,
lipoma, and myelosarcoma; microscopic fat inclusions can be
found in adenoma, pheochromocytoma, and adrenocortical
carcinoma.

DOI: https://doi.org/10.17816/DD622768

Myelolipoma is typically detected at the age of 50-
70 years, more commonly in the right adrenal gland [15].
Large adipose deposits are depicted on MSCT, with cloudy or
mottled tissue areas that have a higher density of 20-30 HU
(myeloid elements). In rare cases, small, calcified inclusion
may be observed.

Adrenal lipoma is an extremely rare condition
that primarily impacts the right adrenal gland, with
a median diagnosis age of 54 years. Unlike teratoma,
it is a hypodense mass that exclusively contains a fat
component [16].

Despite the rarity of liposarcoma in children, it should
not be disregarded during the differential diagnosis. It is
characterized by indistinct, irregular contours and invasion
into the surrounding tissues and vessels. Metastases are
frequently observed [17].

The most prevalent adrenal neoplasms with calcified
components are metastatic lesions (in our case, this was a
primary tumor, and no other neoplasms were identified) and
tuberculosis involvement (in the present case, the patient
was not exposed to infectious diseases, and there were no
signs of tuberculosis) [3].

CONCLUSION

Primary adrenal teratoma is extremely rare; however,
it exhibits distinct radiographic signs that, in certain
cases, may be remarkably comparable to those of other
common pediatric tumors at this site. In our case, the
radiologist could have suspected this disease as early as
at the initial phases of the diagnostic search. Misdiagnosis
was the consequence of a lack of awareness regarding
an uncommon tumor site, inaccurate interpretation of
histopathological examination findings, and a lack of
attention to detail during the assessment of the tumor node
structure. To enhance the quality of diagnostic radiology,
it is imperative to discuss rare clinical cases and analyze
the mistakes.
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