RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

OPUT'MHAJIBHAA CTATHA

APPLICATION OF SHEAR WAVE ELASTOGRAPHY FOR DIFFERENTIATING PARATHYROID
ADENOMAS AND COLLOID THYROID NODULES

Khamzina F.T.12, Vagapova G.R.", Druzhkova N.B.2

1 - Kazan State Medical Academy, Russian Medical Academy of Continuous Professional Education.
2 - Occupational health facility of Kazan (Volga region) Federal University.
3 - M.Z. Sigal Regional Clinical Oncological Dispensary, Tatarstan Ministry of Healthcare. Kazan, Russia.

urpose. To study the efficacy of ultrasound shear wave elastography in differential diagnos-

tics of parathyroid adenomas in primary hyperparathyroidism from nodular masses of the

thyroid.

Materials and Methods. The study included a group of 71 patients (69 women and 2 men)
with clinically and morphologically confirmed primary hyperparathyroidism and a group of 17 pa-
tients with cytologically verified nodular or multinodular colloid goiter (13 women and 4 men), who
underwent an ultrasound examination (US) of the thyroid gland (T'G) with two-dimensional shear
wave elastography (2D-SWE) on the Aixplorer device (SuperSonic Imagine, France).

Results. Quantitative assessment of stiffness was performed in 76 adenomatous altered para-
thyroid glands (PTG), in 94 visually unchanged PTG, in 33 colloid thyroid nodules and in 64 visually
unchanged areas of the thyroid parenchyma.

When comparing the mean values of Young's modulus (Emean) of normal thyroid tissue (10 *
2.5 kPa) with unchanged parathyroid glands (10 * 3.7 kPa) and with parathyroid gland adenomas
(9.4 £ 3.6 kPa), no significant difference was found (p = 0.296 and p = 0.282, respectively). Statisti-
cally significant differences were obtained when comparing the stiffness of colloid nodules with histo-
logically confirmed parathyroid adenomas with a threshold value of Emean above 12.5 kPa
(p=0.019). The diagnostic efficiency of the test "Emean>12.5 kPa - colloid nodules" is characterized
by a specificity of 81.2% and a sensitivity of 52.9%. (AUC 0.706x0.078).

Conclusion. 2D-shear wave elastography is a promising method of differential diagnosis be-
tween parathyroid adenomas in patients with primary hyperparathyroidism and colloidal thyroid
nodes. This study demonstrated that parathyroid adenomas are more elastic than colloid nodules.
The threshold meaning of Emean >12,5 kPa can be used for their differential diagnostics with speci-
ficity of 81,2% (AUC 0,706+0,078).
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Y3AOB WUTOBUAHOWM XXEAE3bI
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esp ucciaenopanua. U3yuuth 3p(PeKTUBHOCTh YABTPA3BYKOBOM 3AacTorpaduu CABUTOBOM

BOAHOM B AudppepeHIINarbHON AUArHOCTHKE a/IEHOM [apPAaIlUTOBHUIHBIX JKEAE3 PHU Iep-

BUYHOM THIIEPIIAPATUPEO3E OT Y3AOBBIX 00pA30BaHUM IIIUTOBUIHON XKEAE3bI.

Marepuasnel 1 MmeToabl. B nccaemoBaHne BKAIOYEHA rpynna u3 71 manmeHTa (69 KeHIITUMH
U 2 MyK4YHH) C KAMHHYECKH U MOP(OAOTHMYECKH MOATBEPKIACHHBIM II€PBUYHBIM THIIEPIIAPATHPEO30M
(IIT'TIT) m rpynna u3 17 mDamyeHTOB C IIUTOAOTMYECKU BepPU(DUIIMPOBAHHBIM Y3AOBBIM HAW MHOT'OY3A0-
BBIM KOAAOUIOHBIM 3000M (13 3KeHIMH U 4 MY>K4YWH), KOTOPBIM OBIAO BBIIIOAHEHO YABTPA3BYKOBOE HC-
caenoBanue (Y3U) mmroBuaHo# xkeaesrp! (II2K) ¢ nBymMepHO# saacTorpacdrell cABUTOBOE BoaHOH (2D-
OCB) Ha annapare Aixplorer (SuperSonic Imagine, ®paniug).

PesynbraTtel. KoandecTBeHHas OIlEHKa JKECTKOCTH Oblaa IIpOBelieHA B 76 aleHOMATO3HO H3-
MEHEHHBIX ImapauToBUAHbBIX XKeae3ax ([TI2K), B 94 BusyasbHo HenzmeHeHHBIX [TIIDK, B 33 koaroum-
HBIX y3aax 12K u B 64 BU3yaabHO HEM3MEHEHHBIX ydacTKax nmapeHxumsl H2K.

[Ipu cpaBHEHUU cpenHUX 3HadeHHH Mmonyad IOHra (Emean) HopMaabHOM THpeOUIHOM TKaHU
(10 = 2,5 klla) ¢ Heusmernenusimu [III2K (10 * 3,7kIla) u c ageromamu [1II12K (9,4 + 3,6 kIla), nocro-
BEPHOM pasHHUIIbl BBIIBAEHO He Obla0 (p=0,296 u p=0,282 coorBercTBeHHO). CTATUCTHYECKU 3HAYHU-
MbIe Pa3AWYUS OBIAU IIOAYYEHBI IPU COIIOCTABACHHH JKECTKOCTH KOAAOUIHBIX Y3A0B C THCTOAOTHYECKU
noarBepxkaeHHbIMH ageHoMmamu [IIII2K ¢ moporoBeiM 3HadeHumeM Emean Beime 12,5 klla (p=0,019).
[uarHocTuyeckass 3(pdeKTUBHOCTb TecTa «Emean >12,5 klla — KoasouIHBIE Y3ABD XapaKTepHU3yeTCs
crnenUIHOCTEHIO 81,2% 1 4yBCTBUTEABHOCTEIO 52,9% (AUC 0,706+0,078).

Saxmouenue. [IBymMepHasl yabTpaszBykoBas JCB aBAseTCs MEPCIEKTUBHBIM METOIOM B Audde-
peHnmaabHOM auarHoctuke Mexny ameHomamu [TIM2K npu [ITTIT u koasounueiMu y3aamu K. TTpo-
BeIEeHHOE HCCAeJOBaHUE MoKaszaao, 4yTo ameHoMbl [TII2K Goaee 3aacTUYHBIE, YeM KOAAOUIHBIE Y3ABL.
[ToporoBoe 3HadyeHue Emean >12,5 klla MoKeT OBITH UCIIOAB30BAHO AT UX U EPEeHITNAALHON aua-
THOCTHKH co criertudpuarocTbio 81,2% (AUC 0,706+0,078).

KaroueBpie caoBa: HmapalluTOBHUAHBIE KEAE3bI, YABTPA3BYKOBOE HCCAEIOBAHUE, YABTPA3ByKOBasd
spacTorpacdrd CABUTOBOM BOAHOH, IIepPBUYHBIN THIlepliapaTHPEO3, afeHoMa MIapalllluTOBUAHON XKeae-
3bI, KOAAOUHBIE Y3ABI IIIUTOBUIHON KEAE3HI.
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yperparathyroidism (HPT) is an en-

docrine disease caused by excessive

amounts of parathyroid hormone

(PTH) produced by hyperplastic or

neoplastic parathyroid. Depending
on the etiological factor, primary, secondary,
tertiary HPT and pseudo-hyperparathyroidism
caused by hyperproduction of PTH by tumors
of non-parathyroid origin are distinguished.
Hyperparathyroidism occupies the third place
in incidence among endocrinal diseases after
diabetes and thyroid pathology and also is one
of the most frequent causes of the development
of osteoporosis and fractures among secondary
osteopathy. The annual HPT incidence ranges
from 0.4 to 18.8 cases per 100 000 people. The
HPT occurrence rises with the age: the preva-
lence rate in the total population makes 1%,
reaches 2% among persons 55 years older, and
grows to 2.1-3.4% in postmenopausal women
(the ratio of men to women is 1:3). In most cas-
es (85-90%) PHPT is caused by a solitary ade-
noma of the parathyroid gland, in 5-10% cases
— by multiple adenomas or several parathyroid
hyperplasia and less frequently (1-5 %) by par-
athyroid cancer [1,2].

PHPT is a socially important problem of
modern medicine because of involvement of
most organs and systems into the pathological
process, the development of complications such
as osteoporosis, pathological fractures, nephro-
lithiasis, gastric and duodenal ulcers, calcifica-
tion of blood vessels and heart valves, leading
to disability and reducing the quality and du-
ration of life of patients. In the early stages the
PHPT is low-symptom or asymptomatic which
needs increased attention from specialists
since timely diagnosis and surgical removal of
parathyroid adenoma can prevent the develop-
ment of bone-visceral complications of the dis-
ease [1,2]. The optimal method of treating PHPT
is surgical removal of PTG adenomas, including
minimally invasive surgery. The volume and
tactics of surgical treatment of GPT largely de-
pend on the results of preoperative topical di-
agnostics of PTG adenomas. [3,4]. While the
efficiency of laboratory diagnostics of HPT ap-
proaches 100%, there are still many unresolved
issues in the process of determining the locali-
zation of altered parathyroid glands.

The sensitivity of ultrasound examina-
tion in diagnostics of parathyroid formations
varies from 33.3 to 96.8% and depends both
from the class of the equipment and the doc-
tor’s knowledge of ultrasound diagnostics of
parathyroid anatomical variations [5,6]. Diffi-
culties in visualizing parathyroid adenomas
arise in the case of their atypical localization
and if it is necessary to carry out differential
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diagnostics with thyroid nodular formations,
lymph nodes, blood vessels, neck muscles and
esophagus. The most common problem is the
erroneous interpretation of thyroid nodules,
present in 20-84% of patients with HPT, espe-
cially in cases of their localization on the poste-
rior surface of the gland, as formations of the
parathyroid gland [7-10].

The 2D shear wave elastography — a non-
invasive method which makes it possible to
evaluate elasticity (stiffness) of the tissue under
examination by real-time registration of the
shear wave deformation degree in 2D mode and
to measure the shear wave speed (m/sec)
or/and the Young's modulus (kPa) with map-
ping quantitative elastograms — is a relatively
new sphere expanding capabilities of the ultra-
sound diagnostics [11]. The World Federation
for Ultrasound in Medicine and Biology
(WFUMB) has developed leading guidelines for
using methods of ultrasound elstography in
thyroid diseases [11]. However up till now the
role of ultrasound thyroid elastography both in
differential diagnostics of the parathyroid gland
with nodular formations of the thyroid gland
and between various lesions (hyperplasia, ade-
noma) for various types of HPT has been not
defined completely and continues to be widely
studied [12-21].

Purpose.

To study the efficacy of ultrasound shear
wave elastography in differential diagnostics of
parathyroid adenomas in primary hyperpara-
thyroidism from nodular masses of the thyroid.

Materials and methods.

The study included 88 patients divided
into two groups: with PHPT and with nodular
or multinodular colloid goiter (MNCG). The first
group included 71 patients operated on for
PHPT, of which 69 (97.2%) were women, with
an average age of 59.3£10.6, and 2 (2.8%) were
men, with an average age of 48.5+£26.2 (the ra-
tio of men to women was 1:34.5). The second
group included 17 patients with cytologically
confirmed NCG or MNCG, of which 13 (76.5%)
were women, with an average age of 57.2+11.2
and 4 (23.5%) men with an average age of
55.5£12.8 (the ratio of men to women was
1:3.25).

All patients underwent complete exami-
nation with the use of clinical, instrumental
and laboratory examination technique, includ-
ing ultrasound examination, parathyroid scin-
tigraphy with 99mTc-MIBI combined with
SPECT and CT, the immunohistochemistry as-
say of punctate of nodular formations for the
presence of parathyroid hormone (PTH) and
thyroglobulin (TG). The diagnosis, classification
of forms of clinical course of PHPT, differential
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diagnosis of the disease were carried out on the
basis of criteria proposed by the Russian Asso-
ciation of Endocrinologists (RAE) in 2020 [2].

The standard US examination using the
2D SWE was carried out employing the
Aixplorer (SuperSonic Imagine, France) with a
linear probe working in the frequency range of
15-4 MHz.

The qualitative characteristics of tissue
stiffness were coded in the form of a color map,
where stiffer tissues were colored in yellow-red,
and softer tissues were colored in shades of
blue. The quantitative determination of tissue
stiffness (measurement of Young's modulus)
was performed within the color window and
assessed using the standard thyroid examina-
tion scale from O to 80 kilopascals (kPa). The
area of interest was the survey win-
dow/quantitative assessment box (Q-box). The
Q-box size was 2-4 mm. Cystic changes and
calcifications were removed beyond the Q-box.
Scanning was carried out without additional
compression, to stabilize the image; the hand
position in the area of interest was fixed for at
least 4 seconds. The Young’s modulus value
(kPa) was automatically shown on the screen of

the device. Mean (Emean) and maximum
(Emax) Young’s modulus values were analyzed.

Statistical processing was carried out us-
ing the statistical software package SPSS
(v.18.0) using nonparametric statistical meth-
ods, the Mann-Whitney and Kruskal-Wallis
tests were used. The evaluation of correlations
between pairs of quantitative characteristics
was carried out using the nonparametric
Spearman rank coefficient. Contingency tables
were analyzed using the x2 test. Quantitative
data, which followed a normal distribution, are
presented as M+o and minimum and maximum
values, data that did not follow a normal distri-
bution are presented as Me [Q25; Q75], where
Me is the median, Q25, Q75 are the 25th and
75th percentile quartiles. Differences between
comparison groups were considered statistical-
ly significant at p<0.05. The ROC analysis was
performed to evaluate the diagnostic capabili-
ties of shear wave ultrasound elastography.
The quality of the predictive model obtained by
this method was assessed based on the values
of the area under the ROC curve with the
standard error and 95% confidence interval (CI)
and the level of statistical significance.

Fig. 1 a (Puc. 1 q)

100 kPa

80
60
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Fig. 1 6 (Puc. 1 b)

R., 38 y.o.

cursors and the white arrow).

modulus value — 10.0 kPa.

moxyas FOura — 10,0 kIla.

Fig. 1. a - ultrasound, B-mode, longitudinal section; 6 — 2D-SWE. Normal upper PTG. Female patient
a — Oval-shaped hyperechoic mass with clear even shape on the posterior surface of the left lobe (marked with
b — Elastogram of unchanged parathyroid gland characterized by uniform blue coloring (red arrow). Young’s

Puc. 1. a-Y3U, B-pexxunm, NpoAOAbHbIM cpe3; 6 — 2D 3AacTorpacous CABUroBoM BOAHOU. Heusme-
HEHHasA BepPXHAA NApALUMTOBUAHASA XeAesa. MauneHTka P., 38 AerT.

a — l'unepaxoreHHoe 0O0pa3oBaHKe OBAABHOM (DOPMBI C YETKHMH POBHBIMH KOHTYPaMH IIO 3aAHEH ITOBEPXHOCTH
A€BOY OAW HA YPOBHE CPEMHETO CETMEHTA (0OTMEUYEHO KypCopaMu U 6EAOH CTPEAKOH).

6 — DaacTorpaMma XapaKTEepHU3yeTCd pPaBHOMEPHBIM CHHUM OKpAalllMBAHHUEM, (KpacHas CTPEAKa) . 3HadYeHHe
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The results of US examination of the par-
athyroid gland using the 2D SWE technique,
performed before surgery, or before fine-needle
aspiration biopsy under ultrasound control,
were subsequently compared with the results
of postoperative laboratory and morphological
studies. The following hypothesis was used for
a comparative assessment of preoperative topi-
cal diagnostic methods with calculation of sen-
sitivity, specificity and accuracy of each meth-
od using well-known formulas:

- True-positive results: the abnormal par-
athyroid gland has been detected by the meth-
od used, the correctness of its localization has
been confirmed during surgical intervention
with the following histological examination and
by the decrease of the PTH and calcium (Ca)
level to the target values in the blood serum;

- True-negative results: the abnormal
parathyroid gland has not been detected by the
method used, this has been confirmed by sur-
gical intervention, histological examination and
by the absence of the decrease of the PTH and
calcium (Ca) level to the target values in the

blood serum;

- False-positive results: the abnormal
parathyroid gland has been detected by the
method used , however this has not been con-
firmed by surgical intervention, histological
examination and by the decrease of the PTH
and calcium (Ca) level to the target values in
the blood serum,;

- False-negative result: the abnormal
gland has not been detected by the method
used, but its localization was detected during
the surgical intervention, histological examina-
tion and by the decrease of the PTH and calci-
um (Ca) level to the target values in the blood
serum.

Study results.

In B-mode US examination of patients
with clinically confirmed PHPT, a total of 170
PTGs were visualized, 76 of which were as-
sessed as altered (adenoma, hyperplasia) based
on an increase in size and/or a decrease in
echogenicity. Normal parathyroid glands (n=94)
were better visualized during longitudinal
scanning, as homogeneous formations of a

MI:(1.5)
12L5
diffTs.0

o

Fig. 2 a (Puc. 2 a)

Fig. 2 6 (Puc. 2 b)

noma. Female patient Z., 78 y.o.

right lobe.

Histological diagnosis — parathyroid adenoma.

Puc. 2.

110 3aAHEY [TOBEPXHOCTH IIPABOH IOAH.

Fig. 2. Ultrasound, a - B-mode, longitudinal scan; 6 — CDI-mode, cross section. Parathyroid ade-

a — Oval-elongated hypoechoic mass with cystic inclusions (white arrow) along the posterior surface of the

b — The afferent artery visualized in the pole region (yellow arrow).

Y3U, a - B-peXuMm, NPpOAOAbHbIN cpes3; 6 — pexum LLAK, nonepeyHbiii cpe3. AaeHoma
NAapaLLMTOBUAHOM XeAesbl. MaumneHTka 3., 78 AeT.

AneHoMma napaunTOBUAHOM keae3bl. [lartnenTka 3., 78 aert.

a — 'unosxoreHHoe oOpa30BaHME BHITAHYTOH OBaABHOH (POPMBI C KHCTO3HBIMH BKAIOUEHHSIMH (0eaasd CTPEAKa)

6 — B obaacrtyu moaroca BH3yasH3UpyeTcd nuramlas addepeHTHAS apTepus (JKEATast CTPEAKA).

T'ucrosormyeckuii fuarHos3 — afeHoOMa IIapallluTOBUIHON KEAE3bI.
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regular oval, round or bean-shaped form, pre-
dominantly of increased echogenicity, with
smooth clear contours, up to 6-8 mm long, up
to 5 mm wide and up to 4 mm thick, with a
volume of 0.1-0.15 cubic cm (fig. 1).

Adenomatous and hyperplastic PTG in
72.4% of cases were visualized as hypoechoic
round or oval homogeneous formations with
linear dimensions from 9 to 46 mm (19.9 + 8.5
mm), the volume from 0.17 to 7.7 cm3, with
clear, smooth contours, the hyperechoic cap-
sule. In 25% of cases, the echostructure of the
altered parathyroid glands was moderately or
significantly heterogeneous due to hyperechoic
inclusions and anechoic cystic areas. In two
observations (2.6%), there was a partial cystic
degeneration of adenomas (fig. 2).

We have analyzed results of the ultra-
sound SWE of the parathyroid adenomas of 71

patients with PHPT, having compared them
with results obtained by examination of visual-
ly unaltered parathyroid glands, sections of
visually unaltered thyroid parenchyma of the
same patients and of 17 patients with the thy-
roid colloid nodules, which in B-mode had ul-
trasound characteristics similar to parathyroid
adenomas (hypoechoic, location on the posteri-
or surface of the upper and lower poles of both
lobes of the thyroid gland).

The summarized qualitative evaluation of
stiffness was made for 76 pathologically altered
parathyroid glands, for 94 visually parathyroid
glands, for 64 visually unaltered sections of
parenchyma of thyroid lobes and for 33 thyroid
colloid nodules. Of the 76 altered parathyroid
glands, 33 observations had morphological ver-
ification of the diagnosis based on the histolog-
ical examination of postoperative material. In

80
60
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9.8kFall

9.0kFa
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1l.1cm
2.00mm

10.4kPa
9.0kPa

12.0kPa
1.0kPa
2.0cm

2.00mm

14.1kPa
8.5kPa

15.0kPa
1.4kPa
1.9cm

2.00mm

Fig. 3 (Puc. 3)

2100 kPa
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5.2k >#20
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1.4kPa
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2.00mm

9.8kPa
7.9kPa
11.7kPa
0.9kPa
2.1cm
2.00mm

Fig. 4 (Puc. 4)

Fig. 3. 2D-SWE.

Comparison of elasticity values for a parathyroid ad-
enoma and a section of unchanged thyroid paren-
chyma. Female Patient S., 63 y.o Uniform blue stain-
ing of the parathyroid adenoma, the average value of
Young’s modulus (Emean) — 10.4 kPa (white arrow).
Uniform blue staining of the thyroid parenchyma, the

average value of Young’s modulus (Emean) — 14.1
kPa (yellow arrow).
Puc. 3. 2D-aaacTorpadous CABUroBOo BOAHOM.

AneHoMa HapalllUTOBHUOHOU Keae3pl. [lanmmenTka 3.,
CpaBHEHHE IIOKa3aTEeAE€H BAACTUYHOCTH aIeHOMBI
HapaIUTOBUAHON JKEA€3bl U yYacTKa ITapeHXUMBI
HEU3MEHEHHOM IIMTOBUAHOM XeAedbl. [Tarmentka C.,
63 aer. PaBHOMepHOE cHHee OKpalllMBaHHE aJeHOMBI
HapaIUTOBUIHON JKeAe3bl, CpeqHee 3Ha4YeHHE MOMY-
asg HOnra — 10,4 klla (Geaasa ctpeaska). PaBHOMepHOe
CHHEee OKpAalllMBaHUE MapEHXUMbI ITUTOBUIHOU XKeAe-
3bl, cpegHee 3HadeHHe Moayasa IOmra - 14,1 klla
(*keaTas cTpeaka.

2D-SWE.

Fig. 4.

Comparison of the average value of Young’s modulus
(Emean) in the thyroid parenchyma and in the thy-
roid nodule. Female patient N., 58 y.o. The average
value of Young’s modulus (Emean) in the thyroid pa-
renchyma - 5.2 kPa (white arrow), in the thyroid
nodule — 13.4 kPa (yellow arrow). Histological diag-
nosis — colloid nodul.

Puc. 4. 2D-aaacTorpadomus CABUroBOl BOAHOM.

CpaBHeHHEe CpemHero 3HadeHHd Moayasa IHOHra B ma-
PEeHXHMe IIUTOBHUIHOHN KeAe3bl U B y3A0BOM 00Opa3so-
BaHHH IITATOBUOHOMN »Keaes3bl. IlaimenTka H., 58 aer.
Cpennee 3HadyeHHe Moayas IOHra B ImapeHXHMeE IIIH-
TOBHUIHOH 2Keae3bl — 5,2 Klla (Geaass cTpeska), B y3A0-
BoM obOpazoBanmu — 13,4 klla (:Keatasa crpeaska). ['u-
CTOAOTHYECKHH OUATHO3 — KOAAOUIHBIHN y3€A.
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all cases of colloid nodular formations of the
thyroid gland, the diagnosis was made on the
basis of either postoperative histological exam-
ination or cytological examination of the punc-
tate with determination of TG and PTH levels in
it. The obtained SWE results are given in Ta-
blel. The Emean and Emax values of unaltered
parathyroid glands were comparable with the
stiffness of normal thyroid parenchyma
(p=0.979 and p=0.832, respectively).

No significant differences were found
when comparing the Emean of Young's modu-
lus of parathyroid adenomas, normal thyroid
parenchyma (p=0.282) and unchanged para-
thyroid glands (p=0.296). Comparison of
Young’s modulus Emax values has also not
shown significant differences between parathy-
roid adenomas, normal thyroid parenchyma
and unaltered parathyroid glands (p=0.156 and
p=0.091, respectively) (Fig.3).

The values of Young's modulus obtained
when assessing the stiffness of colloid thyroid
nodules (n=33) were: Emean - 12.3 + 4.3 kPa,
Emax - 16.2 = 3.1 kPa and statistically signifi-
cantly differed from the elastographic stiffness
values of normal thyroid parenchyma (p=0.006

The ROC analysis was performed to as-
sess the diagnostic efficiency of SWE and to
determine the threshold value of the “stiffness”
criterion in the differential diagnosis of nodular
formations of the neck (colloid nodes) and para-
thyroid adenomas, (Fig. 5). The area of the ob-
tained ROC-curve (AUC) has made
0.706%0.078, which proves the efficiency of the
SWE in differential diagnostics of parathyroid
adenomas and thyroid nodules. The criterion
for selecting the threshold value was the graph
point with the maximum total sensitivity and
specificity: Cutt-off = max (Se + Sp). At the
Emean value above 12.5 kPa, the total sensitiv-
ity and specificity of the SWE method is 1.341.
Thus, the threshold value of Young's modulus
above 12.5 kPa allows distinguishing colloid
thyroid nodules from parathyroid adenomas in
PHPT with a sensitivity of 52.9% and a specific-
ity of 81.2%.

Discussion.

The threshold value of Young's modulus,
obtained in our work, which allows us to dis-
tinguish colloid thyroid nodules from parathy-
roid adenomas in cases of PHPT, is comparable
with the data of Golu I. et al., who proposed the

Table 1. Young’s modulus values in areas of unchanged thyroid parenchyma, in un-
changed parathyroid gland, parathyroid adenomas and colloid thyroid nodules.
Statistical significance (p) of
n/H | Subject of research Young modulus value (kPa) Young's modulus values (kPa)
Emean Emax Emean Emax

1 | Thyroid parenchyma p12=0,979 p12=0,832
(n=64) 10 £2,5 12,6 2,6 p13=0,282 p13=0,156

p1.4=0,006 p1.4:0,000

Normal parathyroid p2-1=0,979 p21=0,832

2 gland 10 £3,7 12,443,7 p23=0,296 p23=0,091
(1’1:94) p2.4=0,685 p2.4=0,432

. p3.1=0,282 p3.1:0,156

3 Parathy(rr‘l’g g)denoma 94436 14,1443 32=0,296 32=0,091
p3.4=0,019 p3-4=0,158

Colloid nodules p41=0,006 P41=0,000

+ +
4 (n=33) 12,3+4.3 16,2+3,1 ps3=0,019 pa-3=0,158

and p=0.000, respectively) and unaltered para-
thyroid glands (p=0.031 and p=0.001, respec-
tively), (Fig.4).

Comparison of stiffness of thyroid colloid
nodules and parathyroid adenomas showed
that, the Emean values of colloid thyroid nod-
ules were significantly higher (p=0.019) than
similar values of parathyroid adenomas (12.3 *
4.3 and 9.4 + 3.6, respectively). Whereas the
Emax values of colloid thyroid nodules and
parathyroid adenomas did not differ signifi-
cantly from each other (p=0.158). Thus, the
average values of stiffness (Emean) of colloid
thyroid nodules were significantly higher com-
pared to parathyroid adenomas in PHPT.

| www.rejr.ru | REJR. 2026; 16(1):104-114

Young's modulus mean value lower than 12.5
kPa with sensitivity of 93% and specificity of
86%(AUC = 0.949; p <0,001) as a cut-off point
for the diagnosis of parathyroid adenomas [22].
Cotoi L. et al. defined the stiffness of the para-
thyroid gland in cases of PHPT in comparison
with the thyroid parenchyma and muscle tis-
sue and found that the average value of
Young's modulus below 9.58 kPa had the
specificity of 94.1%, the sensitivity of 95.6%,
and the accuracy of 94.6% (p < 0.001) in the
differential diagnosis of PTG adenomas [16].
Analysis of the results of a number of
studies on the use of 2D-SWE for differential
diagnostics of thyroid nodules and parathyroid
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adenomas also showed that parathyroid ade-
nomas in cases of PHPT and hyperplastic para
thyroid glands in cases of SHPT and THPT have
statistically significantly lower stiffness values
than thyroid benign nodules or parenchyma
(Table 2).

The study of Batur A. et al. using ARFI
VTQ technology, in which opposite results were
obtained, stands in a separate row: parathyroid
adenomas were stiffer that thyroid benign nod-
ules. This is probably due to the use of ARFI

Sensitivity

0.0 0.2 0.4 06 08 1,0
Specificity

Fig. 5 (Puc. 5)

Fig. 5. ROC curve when analyzing the effective-
ness of shear wave elastography in the differen-
tial diagnosis of parathyroid adenoma and col-
loid thyroid nodules.

Puc.5. ROC-kpuBas npu aHaAuse achbcekTuB-
HOCTU 3AACTOrpadouMM CABUrOBOM BOAHOW B
ANPDPEPEHLMAABHOU AUATHOCTUKE CAAEHOM
NAPALLUTOBUAHOMN XKEAE3bl U KOAAOUAHDBIX Y3AOB
LLUTOBUAHOM XEAE3bI.

VTQ technology, which has strictly fixed di-
mensions of the measurement area (0.5 x 0.6
cm) [13]. In a number of other studies conduct-
ed using two-dimensional SWE technology
there were advantages associated with the pos-
sibility of adjusting the size of the window of
interest depending on the area of the analyzed
lesion zone which may have influenced the re-
sults obtained.

As far as the comparison of stiffness in-
side the group of altered parathyroid glands
(adenomas in cases of PHPT and hyperplasia in
cases of SHPT and THPT) is concerned, the da-
ta remain contradictory.

SWE values in the cases of the secondary

www.rejr.ru | REJR. 2026; 16(1):104-114

hyperparathyroidism depend on stages of
chronic kidney disease (for example, develop-
ment of terminal chronic renal failure when
conditions are created for adenomatous trans-
formation of hyperplastic parathyroid glands)
[17]. According to Xiang-Yi Li et al. adenoma-
tous altered parathyroid glands of patients with
the secondary hyperparathyroidism who were
on dialysis, the Young’s modulus values were
much higher compared to hyperplastic para-
thyroid glands (19.42+6.29 kPa versus
14.61+£5.69 kPa, p<0.001). It is assumed that
the change in the morphological structure from
hyperplasia to adenoma of the parathyroid
gland leads to a significant increase in the con-
tent of fibrous tissue and, consequently, to an
increase in the stiffness of the organ [20].

Amzar D. et al. also obtained a statistical-
ly significant difference (p<0.001) between the
stiffness of hyperplastic parathyroid glands in
cases of the secondary hyperparathyroidism
and parathyroid adenomas in the cases of pri-
mary hyperparathyroidism where the median of
the mean values of Young's modulus was 6.96
kPa and 4.86 kPa, respectively. The threshold
values of Young's modulus were lower - for PTG
adenomas 5.96 kPa and for PTG tissue — 9.58
kPa. [18].

In our work, we have noted a tendency
towards higher stiffness of unaltered parathy-
roid glands (Emean=10 +3.7) compared to
parathyroid gland adenomas (Emean=9.4 +3.6),
(p=0.296).

It appears that the use of ultrasound
SWE will expand the capabilities of radiation
examination methods for topical diagnostics of
altered parathyroid glands in cases of hy-
perparathyroidism can be included in the ul-
trasound examination of the neck organs as an
additional diagnostic option.

Conclusions.

The results obtained in our work demon-
strate that the SWE is a promising method of
differential diagnostics of parathyroid adeno-
mas with PHPT and thyroid colloid nodules.
The carried research showed that parathyroid
adenomas are more elastic that colloid nodules.
The threshold value Emean >12.5 kPa can be
used for their differential diagnostics with the
specificity of 81.2% (AUC 0,706+0,078).

At the same time the issue of the role of
ultrasound elastography in differential diagnos-
tics of various morphological parathyroid pa-
thologies (hyperplasia, adenoma, and cancer)
remains unsolved, all this needs further re-
search.
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Table 2.

Comparison of elastographic stiffness indices of altered (adenoma, hyper-

plasia) parathyroid glands with various benign thyroid nodules (BTNs) and thyroid paren-
chyma, muscle tissue according to different authors.

Research authors Type of Number | Mean value of Mean value of Statistical
elastography of the Young’s the Young’s significance
patients | modulus in the modulus in (p)
comparison parathyroid
group
Batur A. et al., ARFIVIITQ 21 BTNs Parathyroid p<0,001
2016, 2,20 £ 0,39 adenomas
[13] m/sec 3,09+0,75
m/sec
Golu I. et al., 2017, 2 D SWE 22 Thyroid paren- Parathyroid p=0,007
[14] chyma adenomas and
19,5+ 7,6 kPa hyperplasia
10,2 + 4,9 kPa
Stangierski A et el., 2D SWE 65 BTNs Parathyroid p<0,001
2018, [15] 24,3+ 33,8 adenomas
kPa 52+7,2kPa
E.V. Polukhina et 2D SWE 66 BTNs Parathyroid p=0,009
al.2018, [8] 13,4 (9,5-30,2) hyperplasia
kMa 11,4 (7.2-30,2)
klMa
Vlad M. et al., 2D SWE 22 BTNs Parathyroid p<0,001
2019, 21,78, £ 1,45 adenomas
[16]. kPa 10,18 £ 4,85
kPa
L. Cotoi et al. 2019 2 D SWE 59 Thyroid Parathyroid p<0,001
[17]. parenchyma hyperplasia<9,74
(median)- kPa
13,76 kPa
Muscles (me- Parathyroid
dian)15,78kPa | hyperplasia<9,98
kPa
D. Amzar et al., 2D SWE 68 Muscles Parathyroid p<0,001
2021 16,86 adenomas and
[18] (15,08-17,74) hyperplasia
kPa < 9,58 kPa
Thyroid p<0,001
parenchyma
12,08 (10,48-
14,78) kPa
D.Stoian et 2D SWE 86 BYNs Parathyroid p<0,0001
al.,2023 12,2-18,8 kPa adenomas and
[19] hyperplasia
< 9,24 kPa
Own data 2D SWE 71 Thyroid colloid Parathyroid p=0,019
nodules adenomas
12,3+ 4,3 kPa 9,4 + 3,6 kPa
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