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Correlation between pancreatic hardness measured by shear wave
elastography and microvascular lesions in type 2 diabetes mellitus

MA Jingli, YE Chuangwen,ZHU Xiansheng
Department of Ultrasound Diagnosis, General Hospital of Southern Theater Command of PLA , Guangzhou 510010, China

ABSTRACT Objective To measure the pancreatic hardness in patients with type 2 diabetes mellitus(T2DM) by shear
wave elastography (SWE) , and to analyze its relationship with microvascular lesions. Methods A total of 200 patients with
T2DM(T2DM group) and 200 healthy subjects(control group) in our hospital were enrolled.The pancreatic size , morphology and
internal echo were observed by two—dimensional ultrasound.The mean Young’s modulus (Emean) of pancreatic head, body and
tail tissues were detected by SWE. According to the clinical diagnosis of microvascular lesions, patients in T2DM group were
divided into microvascular lesion group (n=86) and non-microvascular lesion group (n=114). The differences of the above
parameters between T2DM group and control group, as well as between microvascular lesion and non—microvascular lesion
groups were compared. Differences of SWE parameters in T2DM patients with different characteristics (age, gender, duration of
T2DM) were analyzed. Multivariable Logistic regression was performed to analyze the independent influencing factors of SWE
parameters in T2DM patients.Receiver operating characteristic(ROC) curve was drawn to analyze the diagnostic efficacy SWE in
the diagnosis of microvascular lesions in T2DM patients. Results The proportion of pancreatic hyperecho in T2DM group was

higher than that in control group, the diameters and Emean of pancreatic head, body and tail were higher than those in control
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group , with statistically significant differences (all P<0.05).Emean of pancreatic body in microvascular lesion group was higher

than that in non—microvascular lesion group (P<0.05) , while the differences in the other parameters between the two groups were

not statistically significant. Emean of pancreatic body in male, aged =60 years and T2DM patients with microvascular lesion was

higher than that in female, aged<60 years and T2DM patients without microvascular lesion, respectively, with statistically

significant differences (all P<0.05).Emean of pancreatic body was gradually increased with the duration of T2DM (P<0.001).

Multivariate Logistic regression analysis showed that gender, age, duration of T2DM and microvascular lesions were independent

influencing factors for Emean of pancreatic body in T2DM patients. ROC curve analysis showed that the area under ROC curve,

sensitivity and specificity of Emean of pancreatic body in the diagnosis of microvascular lesions were 0.792, 82.55% and

71.93% , respectively.Conclusion SWE can accurately detect the increase of Emean in the head, body and tail of the pancreas

in patients with T2DM.When patients combined with microvascular lesion, the increase of Emean in the body of pancreas is more

obvious, which has certain clinical value.

KEY WORDS Ultrasonography ; Shear wave elastography ; Type 2 diabetes mellitus ; Pancreas ; Microvascular lesions

PRI 2 I R 5 WL AR 25 B AT, b K30 e
BEPEVE T, BURE AL A K H i B i B A B A B
5, 0 GO IR A 2R E KA S ]
AR PR T BALA T RER R . H AT 4 ki
FEL PN B B R 3.8 42, v 2 UM FR 9 (type 2
diabetes mellitus, T2DM) /5 HLik 90% ~ 95% . EH K
0 PR S TE R T 42 B 2 R 48 Jeas B 1Y [, 18
A AR NE ACBIER L 150005 148 N B2 Zh g L DA A
ML 3 32 5 MU R AL T2 BE R IRET
WA RN ERSAZES . [FI, T2DM /& —F i
HBRAR A SD IR T RE 118 R A AE , T AR 2T 4E AL
PRUL ST AR o AR TR ERAS E 2 e & B 40 M A
KL 0 H S ETHE AR GO BRI i ]S B i 4T 4
b, 7& 5| & T2DM (1) S5 2L BEILAG o 88 75 s 5
i i A A SR 2R BOR AT A AR 23 B JC A2 DAk 2H 2
JE RGO IZ Wi A RAFRN A ED . BT,
AHIE 5% o FH 5 VD3 354 BAZ (shear wave elastography,
SWE) K6l T2DM A8 5 B AR A 2 , 4000 HC 5 L 5
IR FR, BTEN IR KIS ISR

ARG TE

— RS

RGP R 2022 4F 1 A % 2023 4F 2 A B if
() T2DM 2 20045 (T2DM 41) , Hir 3B 102461, 22 98 45,
RS 47 ~ 81 %, V-1 (64.58+8.35) & 1A i 4 F5 K
18.2 ~29.1 kg/m?,*F1(23.42+3.02) kg/m* JHFE 1 ~ 154F,
T2 (7.69+4.11) 4. GAAFRHE : OFF G E 2 BUE R
Bl iR T8 RS (2017 J) YT iZ WibR i s Q4 =18 % 5
QWMEE I IEH o HEBRbRE . OB IF LI IREAS 4 |
T REA T SR O R P IR s @A I PR
LU IR R AE , WOBE PR R AE R 8 4 @B I i T

BB , U0 R Ge Pk L0 BRI 4 5 (O I B 1 a3l 2L 441
5y 1 R R BE A7 32 A4S 4 200 ) (R R, Horp
B 10615, 22 94151, 4FHE 49 ~ 83 %, F-1(65.21+7.66) % ;
G R0 17.9 ~ 28.4 kg/m?, F-14(22.86+3.23 ) kg/m’,
GIAFRAE - DICHE O B A5 38 00 T RE 9 5 4
WP MLV R G S QAR IR =18 % QYA BE
FIEH . HEBRARVER T2DM 44 . T2DM 4 5 %t IR 4H
PRSI AR R RS R, Z RS FE
o ARWFGE 2 TR BE BE oA 10 B B 23, 2 4G X S
RN

= AR S

1 KA P T TF Acuson S2000 ¥ {6, £ 1
A2, 4CT MRS, 13 4.0 MHz; L £ SWE
SE R, KA TSR 2SI 8 h UL U EM ,
BER AT EAR A, 4 B AR A A, AT EKOK 500 ml,
AT AR AR IE A RN R el A
S8 Well” s YIZR I 1k, DLIE 8 FFIE [0 o 2 08 25
it M [ 7 i B v O R ) Ay [T R B L 4R
Jei e 8l SWE AR, W 32 46 3 B, AR PRI Sk e B 2%
M3l k8% 3l Ph sl Y TR P RO T R
TR, A7 1 AT Sl s TR AR RS BBOREHE 43 31 B T
JEE Sk JRIR TR RSB X, R 3 s Fe A E i, A A
AL X IR N 21 2 R Y4 (Emean) o P I
BEER M 2 B 1045 LA b TR 28 56 088 7 15 i 5
R[] — A S I i S YR IBCT- 31

2. T A AR S Wi bR o R oy 4 < LIS A DR
Jei) P11 2295 A8 AR PR R D S A R s ' o T AT
B VIR R R ARG A AR o W R s ] B e 2 AR A
G LA 4RI ]2 W7 : O A7 B0 05 IR 58 s QBE PR
Wi B2 WIS A 2 AR s QER ARAE 51l R
FIUAHFT s AT R B0 5 5 S5 I R IR 3



I A P 1R 25 2R 5 2024 4E 7 H 45 26 555 78] J Clin Ultrasound in Med, July 2024, Vo0l.26,No.7 - 603 -

PRI BE B R v BRI PR B B IR v A A AT
B SRH, sUTE I R AR R AT 2 2 5
S o WE DRI LI BB AR AT S LI AR B L IR AT 2
W+ QO 10 1530t G IR 4 s 0L ) /5 B 0 1 B R bR
S L, AT UL R RS ) B SR
MR JFC 1 5% 57~ W0 I BB A8 2 A 5 MG 9 ) It 45 i
AT 4 KRR B A B St i RS/ IR ]
BRI . PR B R I2 B DL 24 h R L E
AR ONITAL AR, <30 mg O IEH 8 K 530 ~
300 mg A il F AR IR, BRIV BRI B 7 485 >300 mg
SR AR, RV R IR RS B, wT K i el
F& B DIBEaaR , HEBR LA B s RO AT 2. ARG
PRIZ B T2DM B E UM AR A8 & A O K H o AT
UM A5 A8 2H (86 151 R IR M A AR 21 (114651))

= GiiteEhb

i SPSS 20.0 Gt -4 4, i GERHA x+s o, P
2 LR I ST AR AR K 5, 22 21 R F O 25 0%

BT 5 THEC5E R DA sk R e R, AL TR] HL AR PR 56
FKHZ AR Logistic M4 434 T2DM &35 SWE Z4 i
SR ER . 2l 52 TAERRE (ROC) £ 2 Bt
SWE 2 K1 T2DM f8 5 A A= (Uil 45 e 28 AL g . P<0.05
RERBGITERE L

# =X

— T2DM 4 5 %F PR 4 — 4k # 75 N2 SWE K6 45
R

T2DM ZH Ji i [0 7 15 o L sy %0 B, Jie sk (R
R JE A4S Ml Emean ¥ K F X4, 22 R IH Gt
2 X (HP<0.05) ., WFE 1,

T A RO A S AR A S R A I U A e AR 4
A 75 N SWE K6 A 45 7 L #5

A I 0L A R AR 4H AR Emean KT RS I ki
IR, Z R AR E L (P<0.05) s HASE e

SWTIGIEE L WR2ME,2,

R T2DMH 5 XFIELH —4E#R 7 M SWE KA 46 20 g

1l JHR AR [ 7 B 5 (5] ) JE4% (mm) Emean(kPa)
G H JBesk [I/E Ji JBesk [I72E B
T2DM 41(200) 54 146 18.21+2.66 14.85+2.93 23.73+3.33 6.83+1.38 7.25+1.47 1.54+0.47
XiF HR 41 (200) 107 93 16.53+1.94 12.14+2.88 21.33+3.85 5.61+1.40 6.11+1.21 1.43+0.39
XE 29.200 7.216 9.328 6.668 8.777 8.468 2.547
PAE <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.031
Emean : 1% FGAR 724
F2 BIFRUMAS R AR 5 R A IR A AR 20 2R 7 M SWE KA 5 R R
3] Ji Fi ] 7 i (3] ) JE4% (mm) Emean(kPa)
& H JBesk [I7ZE JBe 2 JBesk [I7HEN JBe 2
B I AE L (86) 25 61 18.02+2.92 15.23+2.74 24.05+3.75 7.05£1.50 7.83£1.20 1.58+0.42
KA TG R (114) 29 85 18.35+2.27 14.56+2.96 23.49+3.42 6.66+1.43 6.81x1.13 1.5120.33
X/ E 0.328 0.899 1.636 1.100 1.870 6.153 1.853
P{H 0.567 0.370 0.104 0.273 0.063 <0.001 0.097

Emean : 1% B - 24 {H

= AR REE T2DM 3% K Emean HAS

AWFFELL 60 % Wi, 1 T2DM f 3553 h<60 %/
F1=60 % 5 HRAE T2DM g FE (14 DU 5357 55 1] s L 46 o
SRR R (1~ 34 23~ 64F 26~ 104F . >104F) . 44
W B, B AR =60 5 1) T2DM 2 # B Emean )
IR T AR <60 2 3, Z R A ST EE X
(¥ P<0.05) ; RIRIFGHE T2DM H 8, A Emean Fifi %
o TR ) 8 TIN50 M K (P<0.001) . IL3R 3.

. ZHE Logistic [l U149 B 455 2

B T2DM R K Emean NS &, k2 R4
il LS ECh A WA Z A & Logistic [1]15

I3HTe AR A AN AR B M (£e=0, B =1) |
% (<60 2 =0,>60 % =1) . T2DM J5 £ (1 ~ 34E=0,
>3~ 64=1,26~ 10 =2, >10 4F=3) . il IfiL & 5 725
(#=0,72=1), SR E/R, WA AEE  T2DM FFE il
I 557975 78 ¥4 54 T2DM 8 5 JBE AR Emean 1) 2l 37 5% T Al
. k4.

. .ROC &/ Hr

ROC HHZ /T TR , K Emean i2 W T2DM 4 %
A I A A8 1 4R TR A 0.792(95% W 5 X[ -
0.728 ~ 0.857) , R & N 82.55%, ¥ 57 & H 71.93%.
LA 3,



- 604 - I PRAR A PE 2 2 i 2024 FF 7 A5 26 855 78 J Clin Ultrasound in Med, July 2024, Vol.26,No.7

Vs=0.73 m/s
E=1.6 kPa
Depth=6.8 cm

I AIFRUMAE AL (93,65 % FEROR 1t 1845, H BURE DR P ) SWE 4]

E=5.3 kPa
Depth=7.6 cm

] R
A ~ CRJEk Bk Emean 4351 5.3 kPa 6.1 kPa 1.7 kPa
B2 KAWL RF (L ,53 % BRI S 64F) SWE &

F3 RFEIGREAFE T2DM % K Emean 45

i R ARFAE % JBefk Emean(kPa)  oFfH  PfH

5
5 102 7.11£0.85
2511 0.013
8 98 7.40+0.78
S
<60 % 94 6.98+0.94
3.641 <0.001
>60 % 106 7.49+1.03
T2DM 5 1%
1 ~34F 50 6.27+1.05
>3 ~ 64F 50 6.99+0.94
17.886  <0.001
>6 ~ 104F 50 7.52+1.07
>104F 50 8.23+0.89

Emean : 1% FB -2
R4 0 T2DM B E K Emean B2 [H £ Logistic [1] =5 Hr

75 i WIAZEE AR Wald i P ORMEKIL95% n[f5IX |

3 0871 0280  9.677 0002  2389(1.380~4.136)
AR 1026 0357 11412 0001  3.340(1.659 ~ 6.724)
TODMAERE 2027 0622 11.694 0001  8.390(2.479 ~ 28.392)
MOMERAE 2103 0577 13284 <0.001  8.191(2.643 ~25.379)
A -2292 0924 6153 0014  0.101(0.017~0.618)

i o#

RS AR DR T T ol 50 5 J R P 810 53-8 )
RE , FFAF PR 5 DS 119 TR SR A R PR A1 73 WA e

Vs=0.75 m/s
E=1.7 kPa
Depth=6.8 cm

1.0

0.87

i 0.61
B
T 0.41

0.2

0.0 T T " T
00 02 04 06 08 1.0

1R
3 JFIK Emean 121 T2DM & K AU 25 # ROC ik E]

BRI i R BURIR AT ik . T AR E 44
Oy TR HESIR TR, A 2008 B B R [R], FLIF] —#8E
HATE R A SRS TN G 2 5. &
FE P AR P HE R S B A M 2 2 R R LR
T J PR A ) 2 ZRAE AR R S A A%
IS PP P R 45 B B AR S A BIE S 2
SR RE , D5 ASE (0 K D) 2 RS JE R LA
TR ARAEMESE  n] A M AR, H AT g
TR RS 2 W A2 W . A58 0 ] SWE £
DN T2DM A8 5 PR AR AR E , I R G5 L 4 72 1 5%
., BIENIRKIZIR RS H R

1T T2DM A3 MR AR 5 3, B 2 10 1l 7% P
AR v rh e S R IR DL [ P AR v 3l T
RN HERR " . ARFFEEE R IR, T2DM 21 ]



I A P 1R 25 2R 5 2024 4E 7 H 45 26 555 78] J Clin Ultrasound in Med, July 2024, Vo0l.26,No.7 - 605 -

PRI 7 LR TR IR, 22 R A Ge AR L(P<0.001) .
S3HTICIE R  T2DM 535 19 I 1 5 440 FE s B Ay 44 L L &
Ak 4545 ALV TER AR BT DU TR B B AR | 5
e g Mt P BELBIC B i, 9 30 A AR [ e 5 R Ah AR
WF5EH T2DM ZH Bk e fAc i R JRR AR 34 K F X R 4L
ZFIH G EE L (3 P<0.05) o 43 B JE P Al fig >
T2DM £ MR %2 A= I W i Vi o A% | Jge g 40 A I A L 1
A T BB T R T 200 R P T 4 AR, DA 5 S0 R A
WA o BEAEHTZE 20 MR ARG f i s 58, 2 SAR IR
7 e B MR R B ) A S FE R R R 2 — o A
FEAE AL R, T2DM 41 R AR 3k A4 |2 Emean 3
KTXTHRA , 22 5 B geit24 0 L($4 P<0.05) . $R
T2DM i 5 JHRARAE FE 3 . 3 A FLs R . T2DM B A K
HIREACI ZE AL, BRI 5 PN VE R AR B BB TR, HL
i 5 Ko JE A7 A R A A0 3 5, S BB R 4T 44k
o J M A 3 34 o

Zhang%m]m%%'ﬁhfﬁlﬂlﬁﬁﬁﬁE@Eﬁiﬂﬁgi‘%
JERREF AL ER BN 2 . ARBFFT X T2DM 35 B i
ARG DL — 2 BT, S5 3 o A IR UL A e AR 4]
JEEAAR Emean K F A A UM E A8 4 (P<0.001) , HZ
% Logistic [21 5 3B i 7 S0 A5 995 22 24 T2DM f8 3#
JBE K Emean 114 2 37 5% 1 [K 3 (P<0.001) . #&75 T2DM
B T R 2H R R e At A e AR R AR O, Y
T2DM 5 & A SO A I i B JBE R A1 3 b 308 I
B MTRAS TSR P22 T A0 B 385 O R IR 1 4, a0k i
SRR dEAk , P BURMR AL SURE R . AR A
FE B 4555 A8 21 55 A A I i A s AR 2 R Sk R R
Emean 2 F ¥ 0401124 8 X, #2878 T2DM & H &
A= T L S 72 B TR A A A AL R B A S | R R T ]
o MR PR AT g A OBRAREAS [ 10 HE VA AR
255 s QR AR i 5 IngUsk, SE 5 2 40 O
o A5 P SRS S ARAE X A, BRAE A A 3R ] SR AR
T B 7 T2DM FB 35 & A il A8 & i 2 W p oA 8
A . ADFFE ROC Z T B, A Emean 12 W7
T2DM 8 & AR UM A A2 i i 2 T IR AN 0.792, 3%
HHAE T2DM UM A I & AE 2 Wi h A — 2 M fE .

AR Ry B - D E AR T2DM 20 5 %5 A 28 531
SRS A L 25 R TC G T2 X ARSI R S PR —
HAE—E R LR AR R /N R R A R AR S, A
WFSE AR XS AT A T8 , 45 A — & R s @A
Gk Z PRI B S5 A R S bR, SR S T R
At TE A A A I i — R

ZE LTk, B SWE B MERf A H T2DM £8 5 g i
B B 38 K, 4 I B 4 0 28 B R AR Emean 1 K B
A MG IR A

S 3k

[1] Chen]J, Zheng CX, Jin Y, et al. Mesenchymal stromal cell-mediated
immune regulation: a promising remedy in the therapy of type 2
diabetes mellitus[ J ].Stem Cells,2021,39(7) : 838-852.

[2] Shen Y, Yu L, Hua Z, et al.The effects and acceptability of different
exercise modes on glycemic control in type 2 diabetes mellitus:
a protocol for systematic review and network Meta—analysis[J].
Medicine(Baltimore) ,2021, 100(3) : 23963.

[3]  Zhang X, Wang M, Wang X, et al.Relationship between periodontitis
and microangiopathy in type 2 diabetes mellitus : a Meta—analysis[J ].
J Periodontal Res,2021,56(6):1019-1027.

[4] 1v Y, Wei Q, Yuan X, et al. Two sides of the pancreas: exocrine
insufficiency is correlated with endocrine dysfunction in type 2
diabetes[J].Clin Chim Acta,2021,52(3):81-86.

[5] Tan S, Sun PF, Xue H, et al. Evaluation of thyroid micro—carcinoma
using shear wave elastography : initial experience with qualitative and
quantitative analysis| J |.Eur J Radiol ,2021,137(14):109571.

(6] rhARBR o E b2 7022 i [ 2 BUBE PR B VA T B (2017 4R i)
(I ] AR Ak, 2018, 10(1) :4-6.

(7] BRUEMS . SRR (M)LK AR 75 AR HOR AL, 2013
514-518.

[8] He X, Gao F, Hou J, et al. Metformin inhibits MAPK signaling and
rescues pancreatic aquaporin 7 expression to induce insulin
secretion in type 2 diabetes mellitus[J ].J Biol Chem,2021,297(2):
101002.

[9]  Suzuki H, Ishikawa T, Ohno E, et al. An initial trial of quantitative
evaluation of autoimmune pancreatitis using shear wave elastography
and shear wave dispersion in transabdominal ultrasound[J].
Pancreatology,2021,21(4) : 682-687.

[10] Fallahzadeh MA , Asrani SK, Vahhab E, et al.Prediction of long—term
morbidity and mortality after liver transplantation using two—
dimensional shear wave elastography compared with liver biopsy [J].
Liver Transpl ,2022,28(10):1618-1627.

(11] 236 B . IR A Sh 20 Bk LA A b 42 24 b 4 JH
XHAITIIA R[] AR R A2k, 2022,102(4) :311-314.

[12] He Y,Jin Y,Li X, et al.Quantification of pancreatic elasticity in type
2 diabetes: a new potential imaging marker for evaluation of
microangiopathy[ J ].Eur J Radiol ,2020,124(9) : 108827.

[13] Zhang L, Zhao S,Zhu Y.Long noncoding RNA growth arrest—specific
transcript 5 alleviates renal fibrosis in diabetic nephropathy by
downregulating matrix metalloproteinase 9 through recruitment of
enhancer of zeste homolog 2[J].FASEB J,2020,34(2):2703-2714.

[14] &, W06, L0 B AINES 5 KkAy 2 BOBE PR /N BRUBEIR£T
HEA IR HLIRIERTT LT ). A B PO B 2, 2020, 30(11) : 59-64.

(ki H 11 :2023-08-02)



