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Shear wave elastography in the diagnosis
of rhabdomyolysis
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Rhabdomyolysis is a life-threatening skeletal muscle disease, the time of diagnosis and initiation of treatment which
directly affects the likelihood of developing acute kidney injury and the quality of recovery of muscle function. The ultrasound
method of diagnostics is accessible and can be used at the stage of primary diagnosis, but it has low a sensitivity of 68% and
specificity of 57% when using such ultrasound symptoms as a diffuse expressed increase of echogenicity (homogeneous or
heterogeneous), a disorder of transverse striation of the muscle structure and high volume of the muscular tissue damage
(over 30%).

The possibility of ultrasonic elastography in the diagnosis of rhabdomyolysis in 95 patients admitted with suspected dam-
age to muscle tissue is discussed. Comparison of the parameters of shear wave elastography in patients with rhabdomyolysis
and patients with other diseases manifested by muscle edema (muscle contusion, inflammatory myopathies, post-exercise
muscle edema), as well as with the control group, significant differences were noted (p < 0.01) allows to determine the quan-
titative ultrasound characteristics of muscle tissue, pathognomonic for rhabdomyolysis. The use of shear wave elastography
with obtaining lateral wave velocity of less than 1.64 m/s increased the sensitivity and specificity of the method in the diagnosis
of rhabdomyolysis to 75 and 62%, respectively.

A'logit model with integrated use of elastography indices was developed, with a diagnostic accuracy of 77%. During muscle
recovery, there was an increase in lateral wave velocity to the level of control group values, which can be used as one of the
markers of patient recovery.
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Inactorpadusa cABUroBoM BOJIHbI B AUArHOCTUKE
pa6aoMuonusa

A.A. EMenbsHues, C.H. bapaakos, W1.B. bonkos, B.H. Manaxosckui, T.E. PameLusunu,
B.A. Uapryw, I'.l'. PomaHos, A.A. barpoBa

BoeHHo-MeauumHcKas akagemus umenn C.M. Kuposa, CankT-letepbypr, Poccus

PabaoMnonus sBnseTCA XM3HEYrpoXKaoLLmMM 3a0051eBaHNEM CKENETHBIX MbILLL, CKOPOCTb MOCTaHOBKW AMarHosa U Ha-
yana feyeHUst KOTOPOro HampsMyl0 BAUAKOT Ha BEPOSATHOCTb PasBMTUSI OCTPOrO MOYEYHOr0 MOBPEMAEHWUS U KayecTBO BOC-
CTaHOB/IEHMSA MbILLEYHON YHKUMKW. YIbTPa3ByKOBOW MeTO[ AMArHOCTUKM ABNSIETCA JOCTYMHLIM U MOXET ObiTb NpUMeEHEH
Ha 3Tane NepBUYHOI AMArHOCTUKM, HO MMEET HEBLICOKME XapaKTEPUCTUKM YyBCTBUTENLHOCTY — 68 % M cneumduyHocTn —
57 % npu UCNOMb30BaHUM TaKUX YbTPa3BYKOBLIX CUMMTOMOB, KaK ANddy3HOe BbipaXeHHOe MOBbILLEHUE IXOreHHOCTM (0 -
HOPOAHOE WM HEeOJHOPOAHOE), HapyLLEeHWe NONepevHoON UCHEPHEHHOCTH CTPYKTYPbI MbILLbI M BonbLIOK 06beM NopaxeHus
MblLLeYHol TKaHu (bonee 30 %).

PaccMaTpuBaloTcs BO3MOXKHOCTM Y/bTPa3ByKOBOM af1acTorpadum B AMarHocTke pabaoMuonmnsa y 95 naumeHToB, nocTy-
NaloLWMX C NOAO3PEHNEM Ha MOBPEKAEHNE MbILLIEYHOM TKaHW. Mpu cpaBHeHUM napaMeTpoB 3nactorpadun CABUIOBOW BOJI-
Hbl NaLMEHTOB C pabAOMUOSM30M M NALMEHTOB C ApYrUMU 3aD0neBaHNAMM, NMPOSBSIOLMMUCA MbILLEYHBIM OTEKOM (yLUMOBI
MBbILLL,, BOCNANINTESIbHbIE MAOMATKW, MOCTHArPY304HbIN MbILLEYHBINA OTEK), @ TaKIKe KOHTPOJIbHOM FPyNMbl 0TMEYaTCS 3HauM-
Mble pasnuuma (p < 0,01), 4to No3BonsAeT onpeLennTb KONMYECTBEHHBIE Y/IbTPA3BYKOBbIE XapaKTEPUCTUKMN MbILLIEYHON TKaHH,
NaTOrHOMOHWYHbIE 4518 pabaomuonusa. Mcnonb3oBaHue anactorpadmm CABUrOBOM BOJIHBI C MOJTYYEHNEM 3HAYeHWiA CKOpO-
CT1 DOKOBOM BOJIHBI MeHee 1,64 M/C NOBLICMIO YYBCTBUTESIBHOCTbL M CNELMGBUYHOCTL METoAA B AMArHOCTUKe pabaoMmonnsa
00 75 1 62 % cooTBETCTBEHHO.

PaspaboTtaHa norut-mMofenb ¢ KOMMEKCHbIM UCMO/b30BaHNEM MOKa3aTesien anacTorpadum, AUarHoCTUYECKas TOHHOCTb
KoTopon coctauna 77 %. B npouecce BOCCTaHOBNEHNA MbILIEYHOM TKAHW 0TMEYaoch YBeMYEHWE CKOPOCTU BOKOBOM BOA-
Hbl [0 YPOBHS 3HAYeHWW KOHTPOSIbHOW TPyMMbl, YTO MOXET ObiTb MCMO/b30BaHO KaK OAMH M3 MapKepoB BbI340pOBNEHUSA
naLueHTa.

KnioueBble cnoBa: BocnanuTesibHble MUONATUW; MUANTUSA; MbILUEYHBIN OTEK; paﬁ,EI,OMVIOJ'IVIB; CKeJleTHble MbILLbI; YNbTpa-
3BYKOBaA ANArHOCTUKaA MblLLLL; 3nacmrpa¢vm CBWrOBOIA BOJTHBI.
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BACKGROUND

Rhabdomyolysis is characterized by the destruction
of skeletal muscles, causing the release of intracellular
contents into the blood, which can induce life-threatening
complications. Although most patients with rhabdomyoly-
sis have a favorable prognosis, acute kidney injury oc-
curs in 7%-10% of them [1]. Studies have confirmed that
early diagnostics and timely adequate treatment cannot
only prevent complications of rhabdomyolysis but also
significantly improve patient prognosis [2, 3].

The diagnosis is made quickly and accurately in the
presence of the classic triad of symptoms of rhabdomy-
olysis, such as myalgia, muscle weakness, and brown
urine. However, a similar clinical presentation is noted
in <10% of patients at the initial visit. In most cases, the
main complaints are local or widespread muscle pain
and paresthesia [4]. Thus, the absence of a specific clini-
cal presentation in some situations can underestimate
the severity of the patient’s condition and late referral
to laboratory tests for specific markers of acute mus-
cle damage, namely, creatine phosphokinase (CPK) and
blood myoglobin [5].

Studies have reported various signs of rhabdomyoly-
sis during ultrasonography (US), such as muscle thicken-
ing, changes in echogenicity, and ground-glass opacity
[6, 71. In this case, US is usually used only to confirm the
diagnosis after obtaining laboratory data [8]. However,
certain authors present cases where US enabled suspect-
ing acute damage to skeletal muscles with an obliterated
clinical presentation, and a blood test of patients was
conducted for CPK [9, 10].

US presentation in rhabdomyolysis can vary or not
be different from other diseases manifested by edema
of muscle tissues, namely, traumatic injuries, inflamma-
tory myopathies, and injuries associated with excessive
physical load. Some articles indicate the low specificity
of US in detecting muscle edema [7, 11, 12].

The diagnostic characteristics may be increased with
the quantitative US technique of shear wave elastography
(SWE). It was effective in examining many organs, such
as the liver, mammary glands, blood vessels, and pros-
tate gland [13, 14]. SWE is used to diagnose diseases of
the musculoskeletal system, such as tendons [15], and
some hereditary myopathies [16, 17]. Only a few studies
focused on the use of SWE in skeletal muscle lesions
[15, 18, 19].

The study aimed to improve the diagnostic efficiency
of US in detecting rhabdomyolysis using quantitative
SWE.

MATERIALS AND METHODS

All patients provided voluntary informed consent.
In total, 95 people were examined. US was performed at
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primary diagnostics with a clinical presentation of ske-
letal muscle diseases (complaints of myalgia, limb swel-
ling, and decreased muscle strength).

The patients were divided into two groups. The main
group (n =54) included patients with confirmed acute
damage to muscle tissues (increased blood levels of
CPK and myoglobin and changes in radiation diagnostic
methods). The remaining patients were included in the
control group. In the main group, two subgroups were
distinguished, namely, patients with confirmed rhabdo-
myolysis (n = 18) and those with other diseases accom-
panied by muscle edema (muscle bruises, inflammatory
myopathies, delayed-onset muscle soreness, and post-
exercise edema). Rhabdomyolysis was verified based on
the detection of myoglobinemia of >72 ng/mL.

Patients were examined on a diagnostic expert class
US scanner Logiq E9 (General Electric, USA). A linear
high-frequency transducer for superficial tissues was
used. Patient preparation was not required. Scanning
was performed in the two-dimensional mode in the area
of damage, adjacent area, and opposite areas.

A gel pad was used to eliminate the effect of transduc-
er compression on muscle tissues. SWE was performed
with the patient in the supine position and in a state
of skeletal muscle relaxation. For visual assessment,
a color scale was used, where dark blue and red indi-
cated the minimum and maximum elasticity, respectively.
Areas of interest were identified in the middle sections
of the muscles without the involvement of tendons and
muscle sheaths. To obtain more accurate results, the
measurement was performed at several levels with the
calculation of the average value. SWE parameters were
expressed as lateral wave velocity (V) in m/s and stiff-
ness values (Young's modulus, E) in kPa.

The MedCalc software (version 18.2.1) performed all
statistical processing of experimental data. The normali-
ty of distribution was determined using the D’Agostino—
Pearson test. The quantitative results of the morphomet-
ric analysis were expressed as Me [1°t and 3" quartiles].
The Mann-Whitney U-test was used to compare groups
of SWE values. To determine the cutoff thresholds for
lateral wave velocity and stiffness, the receiver opera-
ting characteristic (ROC) analysis and comparison of area
under the curve (AUC) using the DeLong method were
performed. Quantitative characteristics were used by
constructing a binary logistic regression equation.

RESULTS

US signs of rhabdomyolysis included a diffuse pro-
nounced increase in echogenicity (homogeneous or he-
terogeneous), impaired muscle structure cross striation,
and large amounts of muscle tissue damage (>30%)
(Fig. 1). Rhabdomyolysis was concluded in cases of the
detection of all the US symptoms listed.
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Fig. 1. Echograms of rhabdomyolysis of skeletal muscles of vari-
ous anatomical regions: a, back extensor muscle; b, medial and
lateral heads of the triceps brachii muscle

Twenty-seven cases met the US criteria for rhabdo-
myolysis. After laboratory verification of rhabdomyolysis,
the diagnostic efficiency of US was indicated by a sen-
sitivity of 68%, specificity of 57, and accuracy of 62%.
Despite the low sensitivity of the method in diagnosing
rhabdomyolysis, the sensitivity of US in the detection of
nonspecific edematous changes in muscle tissue (main
group) was 74%.

Thus, US enables the detection of muscle edema;
however, the absence of characteristic semiotic signs
and subjective assessment of the muscle structure echo-
genicity lead to a large number of type | and Il errors.
To increase the efficiency of US in diagnosing rhabdomyo-
lysis, a quantitative assessment of the muscle tissue
elasticity was performed.

When comparing the muscle tissue stiffness coeffi-
cients in m/s and kPa, values in rhabdomyolysis were

Fig. 2. Echograms with measurement of SWE parameters;
upper row, rhabdomyolysis; lower row, control group: a, back
extensor muscles; b, external vastus muscles; ¢, pectoralis
major muscles

DO https://doi.org/ 10.17816/rmmar104383

statistically significantly different both from other dis-
eases manifested by muscle edema (Mann-Whitney
U-test with Bonferroni correction, p < 0.001) and from the
control group (Mann—-Whitney U-test with Bonferroni cor-
rection, p < 0.001) downward (Fig. 2). Moreover, lateral
wave velocity and stiffness in muscle edema did not sta-
tistically significantly differ from the control group, with
p =0.583 and p =0.117, respectively (Mann—-Whitney
U-test with Bonferroni correction).

Thus, SWE can be used for diagnosing rhabdomyoly-
sis; however, it does not allow the differentiation of other
forms of muscle edema from normal muscles.

Cutoff thresholds for SWE for rhabdomyolysis were
determined using ROC analysis based on the Youden cri-
terion (Fig. 3). No significant differences were found in the
AUC of the obtained curves (DeLong method, p = 0.9761).

For the lateral wave velocity, V of 1.64 m/s was op-
timal, with a sensitivity of 75%, specificity of 62%, and
accuracy of 68%. For stiffness, an E value of 6.38 kPa
was obtained with a sensitivity of 51%, specificity of 92%,
and accuracy of 70%. Separate evaluation of SWE indica-
tors helped improve the efficiency of US diagnostics of
rhabdomyolysis compared with the native study but not
significantly.

A binary logistic regression model was constructed
for the complex use of SWE indicators. Sequential intro-
duction of variables into the model was employed, with
the coefficients tested for significance (p > 0.05) at each
stage.

In the resulting SWE model, a satisfactory coeffi-
cient of determination was noted (Nagelkerke R? = 0.38).
The final model equation is presented below:

1

—(-0.22391-E-1.45259-V+0.87874) ?

+

I+e
where P, is the probability of rhabdomyolysis (P, > 0.5
is a positive probability); e, the base of the natural loga-
rithm; E, elastographic stiffness; and kPa, V is the lateral
wave velocity (m/s).
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Fig. 3. Diagrams of the ROC analysis of SWE data separately and comparative analysis of ROC curves. The dots indicate the optimal values

of the cutoff thresholds by the Youden index

The SWE model enabled classifying cases of rhabdo-
myolysis with a diagnostic accuracy of 77%. In the ROC
analysis of the predicted values at the optimal point, the
sensitivity and specificity were 84% and 65%, respec-
tively.

The evaluation of data in the control group revealed
an abnormal distribution of SWE indicators. The median
values and interquartile range for the lateral wave velo-
city V were 2.03 [1.72; 2.64] m/s, and those for stiffness
E were 13.22 [10.09; 22.41] kPa.

In five cases, the muscle tissue of patients with rhab-
domyolysis was assessed before discharge. Moreover,
after recovery, the indicators of the lateral wave velocity
of damaged muscles in all patients were included in the
interquartile range of the values in the control group.

DISCUSSION

US has a high availability in diagnosing muscle tis-
sue diseases both during the initial examination and
disease course. As regards rhabdomyolysis, the speed
and accuracy of diagnostics are critical to the prognosis
and recovery [3]. Despite the relatively low diagnostic
capabilities, even native US provides information about
the muscle tissue state, and knowledge of the semiotics
of rhabdomyolysis enables suspecting acute damage to
skeletal muscles and prescribing specific laboratory tests
to confirm or rule it out [8].

The capabilities of native US in detecting rhabdomyo-
lysis are insufficient; however, the method can be used to
detect undifferentiated muscle edema, with a sensitivity
of 74%. In addition, the method has the following advan-
tages: short examination time, can be performed on pa-
tients in serious condition without transportation to other
rooms, and absence of exposure to ionizing radiation.
In addition to primary diagnostics, US enabled monitoring
the state of muscle tissues in patients for the entire stay
in the intensive care unit.

DGl hitps://doi.org/ 1017816/ rmmar 104383

The SWE, expressed as the lateral wave velocity, en-
abled improving the main diagnostic characteristics of
US, primarily sensitivity, in the detection of rhabdomy-
olysis. A decrease in the lateral wave velocity in muscle
edema was noted in the diagnostics of inflammatory
myopathies [20] and the description of a clinical case
of rhabdomyolysis [18]. Elastographic stiffness was de-
creased by an increase in the extracellular and intracel-
lular water volume during tissue edema, which lead to a
decrease in the velocity of lateral wave propagation from
the central US beam.

SWE, expressed in stiffness in diagnosing rhabdomy-
olysis, demonstrated an extremely low sensitivity of 51%,
which does not allow its use. With an empirical selection
of the cutoff threshold with a balance between sensi-
tivity and specificity, the results did not differ from the
qualitative method capabilities because Young's modu-
lus index is calculated from the lateral wave velocity
and, therefore, is less accurate than the initially mea-
sured value [13]. However, the specificity and accuracy
of stiffness were higher than those of the lateral wave
velocity.

The comprehensive use of the lateral wave velocity
and stiffness using a logistic regression model enabled
us to compensate for the heterogeneity of distribu-
tion of the sensitivity and specificity of SWE indicators
separately and create an equation for determining the
probability of rhabdomyolysis with a high accuracy
of 77%.

SWE, expressed as lateral wave velocity, allowed
the assessment of muscle tissue recovery during con-
valescence, which is consistent with the scientific
studies of Botar-Jid et al. [21] and Alfuraih et al. [20],
which demonstrate an increase in SWE indices up
to standard values in some edematous and inflam-
matory lesions with the improvement of the disease
course.

2]
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CONCLUSION

Therefore, the developed logit model with the com-
plex use of elastography values helped increase the di-
agnostic accuracy of US in determining rhabdomyolysis
from 62% to 77%. Increasing the lateral wave velocity to
the standard values V of 2.03 [1.72; 2.64] m/s indicates
the restoration of muscle tissue.
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