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A preliminary study of the relationship between novel arterial stiffness and
cardiovascular coupling in diabetes mellitus patients
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ABSTRACT Objective To explore the relationship between novel arterial stiffness and cardiovascular coupling in
patients with type 2 diabetes mellitus (T2DM).Methods A total of 87 patients with T2DM were selected and divided into a
normal blood pressure group (DM group) of 61 cases and a hypertensive group (DM+HBP group) of 26 cases according to
whether they were complicated with hypertension. Fifty—four subjects without the history of diabetes mellitus and cardiovascular
disease were in the control group.Brachial artery systolic pressure, brachial artery diastolic pressure, central arterial systolic
pressure , central arterial pulse pressure, and arterial elasticity parameters [ arterial wave velocity index (AVI) , arterial pressure—
volume index (API) | were measured in each group. Left ventricular volume parameters were obtained by echocardiography,
cardiovascular coupling parameters| effective arterial elasticity(Ea), left ventricular end—systolic elasticity(Ees) and cardiovascular
coupling index (VVI) | were calculated, the differences of the above parameters in each group was compared. Spearman
correlation analysis was used to analyze the relationship between arterial elasticity parameters and cardiovascular coupling
parameters. Results  Compared with DM group and the control group, the systolic blood pressure, diastolic blood pressure,
central arterial systolic blood pressure and central arterial pulse pressure, AVI, API and Ea were increased in the DM+HBP
group (all P<0.05) , but Ees and VVI were not statistically significant difference among the three groups.Ea was positively

correlated with age, systolic blood pressure, central arterial systolic blood pressure, central arterial pulse pressure and AVI, and
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negatively correlated with e/a (all P<0.05).Ees was positively correlated with systolic blood pressure, central arterial systolic

blood pressure and AVI (all P<0.05).Conclusion

Arterial stiffness and ventricular stiffness increase in parallel in diabetic

patients, and the two are matched coupled, increased novel arterial stiffness indices positively correlates with the indices of

ventricular-vascular coupling.

KEY WORDS Echocardiography ; Arterial elasticity ; Diabetes mellitus , type 2 ; Cardiovascular coupling ; Hypertension

T A7k 3 [ 2 BUBE R 95 (type 2 diabetes mellitus,
T2DM ) & FE AW bt A & A o JIE RN A I 457 9%
95 (R ARE % i AT 3~5 %5 L |, LA JF i i 3
KAEMERE B ETE K T2DM nf S EU B L
PR S50 76 2 0HR AR L (Ees ) AR 208N Bkt itk
(Ea) [R] 38, R0 5 i 457 3P D C | T REFRRER (3L
PR LA FRIBCDEE ) 5 R ] S8 — 8 S e i Kk, Rivsbk:
RVCHE TIREBERRIC " . IEWAEHLT O il 3 R AH T
Bic , I E O o A5 A B 4 B (VD) A4b F 1E % 75 (0.3~
1.3) D EA AR R, O WU RCR &, B IR/DN 5 1
O I AR IS, VVI<0.3 > 1.3, O JIE A BRI /N o0
WA I RCRAR , #B S K o R X0 I A R 719 F
W FEEIET 0 FE SO SE BT A 0 HEREE
%%, J5 #XF Ba W PEAR A [ 42248 b, 16 PR, A BR o B
FE B, Bk T FE B AV 1R Ry BEA S ok fe 6 g
1) ELEEFE bR, AT LA S K B0 Jok 58 1 R oo JIE D B 1T 3
Jik 1 28 BUEE B CAPD) REAT S5PPA O JIE A A JE v /N3
i AR R, OO M o A T R A . AVIER A API
A S A B VTR Sl DK s DI PR O 1l R, (H
H 0¥ Bz ks a5 0 o AR R
T T2DM B Sk S 4L (AVILAPD 5.0 1l 8RRk
SR FR , B AN T2DM 35 O E 3L
REHR A — B LA

BRE5HE

— WFgExtg

VEER 2021 4E 6 H 2202243 H FilgFmish— AR
B Bt 5% 22 43 B P 4 I RHICTR (1 T2DM 8 3% 87 f4il, 53
5141, £ 36 6, 4F % 28~80 % o AR I & 75 A I i ML R
A3 A+ ML IE F 4H (DM 1) 61 1] A1 A JF & 1L s 21
(DM+HBP 41)26 . 44 A b5 . D4 18~80 % ;
@T2DM ARHE ([ 2 BOBE PRI B 1A 48 FE (2020 4R/ )
W32, e I AR 4l R v 10 B 96 46 i (2018 A& T
RO IHIL s B T00 I L HEBR bR : DA
<18 % 5>80 % ; @4 I 7 WK Bl ok o8 A W AL O WG
i A s 1 R B R s @I A I St
1 S Ry s 1 O AN 5 7 S S L L A S B i

1T PR B i I A S A8 A BE AR A 54491 SR ) R
2, 53261, Zg 22 B, A Y 34~75 %, F-#5 (54.85+
10.62) % . AWFR L LT — N REER R =
TUoHtHE, P S B B A R 1S .

= AR

1. 88 P L Bl R A - {1 Philips EPIQ 7% (4 2
A2 WL, S5-10 IEHR Sk MR 1~5 MHz, 2Zixk
WA M BT, SF- 8 P 0 [R) A5 3 42 0 HL BT, AT B
R P 0 B [ R HCZE 5 T T oK = ) B JEE EE (TVSd)
e Pk AR BE R JE (LVPWA) | 22 % &F ik AR N
72 (LVDA) 22 2 W40 K BN A2 (LVDs ) 26 % 56 5l 46
JE AR (LVFS) AT ok R0 06 (8 U 1 55 20 e 30
& 5K FLI1 35 B8 LA (Ele) \ AR IR EF ok F 401 5
&F 5K i 2 sl U AE (e/a) 5 >R FHACF-THT Simpson 7%
MELEAEFERSH, B AEZFKRKPEM
(LVEDV) | /& % I 4 oK 81 45 B (LVESV) | &3 4 i
(SV) A ZE 55 B (LVEF) , i+ 50 HEH & (Co) |
CEFEEL(CL) . WK 1, RETTHE Eafl Ees, ~ &L

ESV (A .

EF (A2C)  64.4 %
ESV(BP)  34.0 mife -
EF (BP)

ESV (A4C) 33.8ml
EF (A4C)  59.99

A A2 B ORI YN ; B 2 A2 % 0 AP0 IO D) T
Bl 1 FTFRCFH Simpson N 42 EABSHUR &



I AR 5 S 2 2 i 2023 4F 4 A 4525 %55 431 J Clin Ultrasound in Med, April 2023, Vol.25, No.4 - 261 -

BRI Ry VI, 28 30758« 28 S I 46 K K (ESP) =0.9%
SBP, Ea=ESP/SV , Ees=ESP/(LVESV-V,) , Hid v, Jy il
AR E R O BHAS ) A2 B AR . A B e Y h W] —
LA 1045 DL o0 WE 68 75 4G A 22 56 1) I 01T 58 1, i A
SRS M 3R, O

2. SR SRAPEAG A - ff ] H 4 PASESA Ave—2000Pro
i 485 =X 2l ik kB A A o A7 3 2 B A A7, B
5 min, sg ASZIRE — A5 25 8 sh R, F Bh 3R IUIE
k4 Fe (SBP) ks ik &7 5K Fe (DBP) | Hut 31 ikl
45 & (CSBP) , H0 3l ik ik e (CAPP) (AVIFI APL, LA
AR R 2 R R U B E N B 5 B, I 1
BEALAHE 15 B 5T % 5, H ) — K A 2 PR i AV
FTAPT, A 506 HH 2

3 PR GERF AR B - WS 4R A7 303 L2 W) B 5
ZAXE BT R 25 MR Dk i, 6z g IR & B (TC) |
HH =18 (TG) K% B As 2 1 IH A B (LDL) | 5 %
Ji 2 11 IR [ 5 (HDL) | %5 18 il % (FBG) FVE Ak ifn 21 2
F(HbAlc).

= Gl

o FH SPSS 23.0 Ge A , IE 25434 B R
xXts PN, 22 20 HCHER FH L IRI 3R O 25 40 B, A1) 9 79 L
R LSD—q K 56 5 IR A543 A BT BORHA M(Q,, Q)
TR, 2 H R Kruskal-Wallis 46 5, 25 8] 9 74 1
3K H Bonferroni 15 o THEUTERE L] 8k 2 R 7R, R H
YR8 . 8 YRR 56 K ] Bland—Altman 2 F1 261 7]
P50 B 3% o AH DG 43 7 R F Spearman A ¢ 43 1 ik o
P<0.05 HESAZIT¥E X,

# X

— AR TR} L

555 BB 20 He A, DM 4 A DM+HBP 20 4F % 37k,
SBP.FBG fil HbAle ¥ F &, Z R B A Gt F 2 X
(¥] P<0.05) ; H. DM+HBP 41 SBP /& T DM 41, 2 7# A
Giit2mE L (P<0.05) . 5 X4 il DM 4 L #% , DM+
HBP 21 DBP .CSBP .CAPP YT} &1, 2 R A Gt ¢ &
() P<0.05) . FAPER L 5w AR B BKE
TC.TG.HDL Al LDL [ #2¢ , 2 R ¥ LGt & X
W#E 1,

R AANGKRTOR LR

Eitil| LH) RS Himem) A (kg)  SBP(mmHg)  DBP(mmHg)  Jk#(K/min)  CSBP(mm Hg)
X HEZH 22/32 54.85+10.62 164.83+8.12  63.28+11.15 123.76+13.88 78.19+11.13 80.07+12.81 123.70+13.97
DM 41 25/36 60.74+11.00" 165.15+7.58  65.25+13.48 131.51+12.41" 78.98+9.98 78.63+12.08 125.20+13.47
DM+HBP 24 11/15 63.96+10.88" 165.86+9.01 70.07+14.33 165.46+25.03" 87.04£17.12" 80.79+14.35 138.32+18.37"*
HIFI*H 0.037 7.670 0.148 2.599 33.517 3.127 0.327 10.054
PfE 0.981 <0.01 0.862 0.078 <0.01 0.051 0.722 <0.01
2051 CAPP(mm Hg) TC(mmol/L) TG (mmol/L) HDL(mmol/L) LDL(mmol/L) FBG(mmol/L) HbAlc(%)
X R ZH 42.07+12.89 4.30+1.04 1.17(0.70,1.81) 1.10£0.30 2.85+0.96 5.16+0.87 5.31+0.82
DM 21 44.05+8.97 4.46x1.35 1.45(1.03,2.06) 1.02+0.37 2.85x1.14 7.42+3.20" 8.23+2.89"
DM+HBP 4 53.43+15.29™ 4.39+1.54 1.35(1.07,1.72) 0.95+0.28 2.67+1.21 7.91+2.29" 8.56+2.61"
HIFAH 5.742 0.281 4.334 2.065 0.360 30.274 45.241
PIH 0.005 0.756 0.115 0.131 0.698 <0.01 <0.01

5T ML HL# L *P<0.05 5 5 DM £ FLA, #P<0.05, SBP: Bk 4i e s DBP : JE Sl k& 5 1K s CSBP : HL Bl Bk 1K ; CAPP . HoL BBk ks s TC .
R 5 TG < HM = ; HD L« /55 % B N 28 FOIR RS 5 LD L« AR %85 B2 B 28 IR FRT R FBG - 25 I8 UM ; HbA Te MR MZTAE 1. 1 mm Hg=0.133 kPa

TS UL RS R R T BE SR S K S B
ORI S8

SO NELS NI RES AL S KR vE S8 0 i
BRI SEL AR 2,

Lo EZ5 4 28 L A - 5 00 B4 L 8, DM 4L il
DM+HBP 41 IVSd \ LVESV ¥ K | 22 5 3596 G i 24 3
X (¥ P<0.05), 5% BEZH A1 DM 41 LL 4, DM+HBP 41
LVPWd K, 22 R A Git24 2 L (3 P<0.05) . &4
LVDd.LVDs LVEDV [b48, 2 F TG4 5 L,

2.0 NETNRE S B L 5 % RE A He g, DM 4 Al

DM+HBP 4 Ele .e/a B34 K, 22 R34 Geit 29 22 L (3
P<0.05) . #41SV.CO.CI.LVEF F1LVFS HL#¢, # 57
¥Igit#E L

3. B K HPE S LR 5 X BT T DM 4 LR,
DM+HBP 41 AVI I APL ¥ K, 2 R IH GLit 278 XL
(14 P<0.05) ; % B 20 5 DM 20 AVIFIl API L 4% 22 S 4y
TGt .

4.0 MAEFRER S B LA S5 X FRAA A DM 4 [e 4
DM+HBP 4] Ea3fi K, 25 535945 Geit2# 2 L (3 P<0.05) .
K2 Ees M VVI LA, 2 R TG 5 L



- 262 -+ I AR 7 P 2 %5 2023 4F 4 5525 555 4] ] Clin Ultrasound in Med, April 2023, Vol.25,No.4
R2 B OMESTFIRES L SIS B O AR S EU R (v2s)
a5 AN (IR 1 OB S HL
IVSd(mm) LVPWd(mm) LVDd(mm) LVDs(mm) LVEDV(ml) LVESV(ml) Ea(mm Hg/ml) Ees(mm Hg/ml) VVI
X B2 8.61+1.02  852+0.94  45.62+4.13 29.27#3.67 74.16+22.78 29.40+10.42 2.79+0.89 4.16x1.49  0.70£0.22
DM 41 9.39+1.34"  8.77+1.25  4538+4.96 28.43:3.48 78.11x2549 33.39:12.58"  2.93x0.98 3.99+1.58  0.760.21
DM+HBPZH  9.66+1.68"  9.44+1.35% 45841429 29.68+3.15 81.47+16.74 35.90£10.43"  3.47+1.05* 4.52+1.59  0.77+0.19
A 8.758 5.791 0.108 1511 1.003 3.383 4.672 L111 1.437
PAH <0.01 0.004 0.898 0.224 0.369 0.037 0.011 0.332 0.241
a5 DIEIRES L SKFTES L
SV (ml) CO(L)  CH(Lemin™'+m™) Ele ela LVEF LVFS(%) AVI API
Xt R4l 43.12+13.22  3.46x1.14 2.08+6.00 6.52+1.64  1.12¢0.42  0.59:0.07 34.81+4.64 15674597  28.78+7.17
DM #H 44.72+14.82  3.50+1.13 2.07+6.64 7.92+2.80°  0.86+0.43°  0.58+0.07 36.87+4.30 17.29+4.96  29.35+5.58
DM+HBPZH  45.56+10.91  3.69+1.14 2.10+5.65 8.78+3.52°  0.70+0.22°  0.56+0.08 35.75+3.35  19.82+5.03%  33.50+7.13%*
I 0.372 0.415 0.013 9.079 17.105 1.730 3.050 5.526 5.253
PH 0.690 0.661 0.987 <0.01 <0.01 0.181 0.053 0.005 0.006
55X IR LA, "P<0.05 5 5 DM A ELAR, #P<0.05. TVSd.: 7 2 &7 SO S I 5L s LVPWd « 7 S8 SRR BE TR BE 5 LV D 22 5 85 kAT AR 5

LVDs: ZE E WA K W NAE s LVEDV : ZE S EF sk AR AL LVESV « 28 S Ui R IR T B A RS KM s Bes : 22 2 WA AR WIME 5 VIV O I35 BB HE
B SV AR CO D HEH B CT O EFE KU Bfe : ZAREET Sk S W W (H TR 5 AR IR AT Tk IR W12 Bl B LA 5 efa s RIRIRET 5K 1] 15 67 5k g 10
1E B FE AR s LVER : 26 2 5 14380 LVES « /6 %8 6 il 4 50 36 5 AVT: BT HE 5 40 APT: Bk 1 & BUE 2

= RS

A IEME BT SR, Ea 5 4F % . SBPCSBP,CAPP,
AVIHIE A& (#] P<0.05) , 55 efa R A5 (P<0.05)
Ees 5 SBP, CSBP I AVI ¥J & I #f 5€ (¥ P<0.05) .

W3,
F3 SIKERPESECS O L RIS B AT
¥ Ea Ees VVI

rfH PlE rfH PlH rfE PlE
A 0.211 0.012 0.147 0.085 0.059 0.487
SBP 0.430 <0.01 0.264 0.002 0.079 0.352
CSBP 0.220 0.009 0.186 0.029 -0.036 0.671
CAPP 0.218 0.010 0.163 0.056 -0.027 0.751
Ele 0.157 0.064 0.057 0.505 0.111 0.194
ela -0.248 0.003 -0.087 0.314 -0.180 0.036
AVI 0.200 0.018 0.173 0.043 -0.090 0.293
API 0.117 0.168 0.022 0.800 0.060 0.482

Ea: #1308 KO0 ; Bes: /2 2 W4 A W10 5 VVIL O I 5 R IDE 35
1 SBP: JIE BRI 45 FE : CSBP: L B KIS 45 1 ; CAPP : HhLC BRI ;
Fle: " JORET i LI (00 55— SR PRAT 3K L ID1AE S BE H A s efa:
TR IR AT B L] 55 4T 3 e 9105 0 B A 5 AVT: 3 Ik i A
APL BIIKE 11 A RS 5

N ER =R G L

Bland—Altman 855 F 27 , AVIFT APT I UIE )
— BT . SRR ST R, AVERTAPT U
{EI A (R=0.369 .0.314, 4] P<0.05) . W& 2,

i

O JJURI LA P42 W PR BB AR, A IS )e %

12 w196sD| AN ¥1.968D
. 11.23 Ll 16.89)
o 6F . 4 LY
tg@ ...... oo e Mean ﬁl e Mean]
= Of o 73 =3 AR 333
- =%
- <
X S * -loesp| 6 ot . -1968D
. 1 e S o8
-12 - . : - -15 - - . s
8§ 13 18 23 28 20 27 34 41 48
AVIEI ® APLI ®
3 V20.622x+5.052 43 [Y=0464X+14.520 N
@ [R=0360 . o [R=0314,
= 24[P<0.05 t = 36 [P<0.05 .
o 17 - N ~ 29 | A 4 t A
{% AA A 'EJ& 79
—_ A —
1o * . ‘ Zn| T
A
3 1 n 1 " 15 " L n "
713 19 25 31 18 27 36 45 54

AVIELIIE - © AP LY @

A : AVI ) Bland—Altman #4581 ; B: API (1) Bland—Altman #{ 25 €] ;C: AVI
MM R D APTIZR M SC R K

B 2[R — KA P U AVILAPLAY Bland—Altman #5555 8] & 26
KAKE

SR AT [ B AR IDE & o 8 B0 I AE R EDE DA 2
T Ea.Ees & VVI, H 1 Ea Jz 4 & 3h ik BH 1 54
A D IER G s s Bes ML Z UGS 77, 2 80 %
JUI T AR B AR A B 52 IE R 00, VVIAE T
IEH S, RO LSRRI . AR SR BoR, 5 X)
HEZH A1 DM 41 L %%, DM+HBP 2 Ea . AVI Fll APT 3 K
(31 P<0.05), 1M Ees Al VVIAE LA B B, 7R & 5 & 1l
JE /Y T2DM £ 35 4= B 1l 45 S fH 138 m L shk sz 25T
O B WSO AR L A (L0 8 R I A L i Ak DT



I AR 5 S 2 2 i 2023 4F 4 A 4525 %55 431 J Clin Ultrasound in Med, April 2023, Vol.25, No.4 - 263 -

[0 R N RS G TR Lo = [ WA SN = (1R T = €17
(e | e 9 =i e ) N T A =)
VETE G R, 148 1 Ay ol 8 o ) 5 0 i v IO 3
Gufar, B0 AR, DA OE S VCE . B
FEN R B I AR O 2 AT gk s A 0 T 4
PEIUS , 75 Ees 2L AR BT W UG T, shlik 5 0= E7 5K
S A Ak AH DG R G, PR RE O IE B 4 T RE
Jentzer 81 DL = JR IR PR IS 4 0 21 2 2 38 4 0 1 9 R
R = W, DAy = i AR 2 h 3h ok stk | 5 it
T WAEIEAS A = 5 W B Bk DT R TR, B A0 i
EHRER 45 R ARV T 4 = LR B BT sk D g se
Jei A RRARATS 5 B FE TR B N s DA G, B n £
== — il Sl BRI 327 45 A 12 MO R AN B 101 ) 25
i R 2%

{5 28 B0 14 R K 2 B AE — 0 1 Jma PR
UL AR — TR SR 38 Y LVEF £ B 9.0 ) 52 8 8
# Ea fl Ees [A] B} 34 SRy, VVI AT 38 810 1E % o BfF
G R B K AL R B (PWV) 2 DA Bl ik A A
FE B A, 22 2 BRG] AR (GLS) Al 42 = 1)
REMHTHE bR, 5 A0 JE S kst (B 7 St LB Re A ¢,
T AR VVIS I R B kA AL RO = A Sk DI g S
A OB = A R AR O I R RS
B, G b A A U — I R B A A 7
PURAS o A URIBZ 23R FH T 100 B e ot 65 3 0 B 1)
Z R (AVIFTAPL) I Pl H 5500 1 48 R IE 2 8000 O
F 850 R IS PR A 91 I B AVIFT APL Y3
K, BB KRB AVI 5 Ea, Ees H A A%, #2781
AVIA E Al M A R OC R o BRAEAF 58 3R 1
AVIFTAPL e 7 A [a) 2 B B ok i s | 56T 1R il
W RGBS - BB R R, B PWV 4R
B A, A] R A AR R AL T 25 8. Horh
AVIRAER PWV B ARHE A5 , o 7 100 oo e -
I SRR HE— AN B 7 RS 5 CLS s H oA
O AR 2800 G BN I R AR i 3P4 O JUE A 2%
RERTHT T Ik AT — IR

A5 45 5 R, DM+HBP 240 CSBP .CAPP Y75 T
DM 4L FnXf HR 4, 25 5 38947 e it 2% B (33 P<0.05) .
HhC Bl K AR 55 Bl 20 ik o e B B 4 b s s IR S £
Ao, DT SR00C0 0l A5 S A 1 R 2R . BRI 5 R B
Sk I 5 e Bk AEAE AN AT IS A0 L 3 ik
FE 7K A5 B o I S8 3 0 LA A % A R A,
OIS A B A TR RN o S b7 I IR AT RE A v
I H8 7 B0 kB A R 38 0, PWV B K S 8oh e Bk
() g S S I8 2 oA T 1] 38 19 W0 46 S, i CSBP AN

CAPP Jt 55 B Bk EF 5K R 8K . CSBP 2.0 I J5
Gufar , FEHE AT S B0 UERES N 5 o 2h Bk &F 7k
A3 R BN kAL il , AR AT S B0 U N )
T 2500 MU S 10 K A o ARWFIR & 3G I 5 i
JE /) T2DM &35 e s ik Ok 5 SBP A AN FATIG
ARpaekit— 5% . HARMSE AVI,API, CSBP Al
CAPP ¥ — i 2R AT, B 5 (i PRd , 4 B F Il IR
e R H

RFFE )RR TE : DA B Ea  Ees il #8755 .03
FITCA &, 5 & b0 488 ) -2 B 26 3R A5 1
B AFAE 22 5, AT RE 2 Ea 15 AVI B AH EVEBIF 5% 45
s QAW I v ir A 68 7 A 349 e (] — R O
B AR R s @AVIH Ea Ees 4156 HA KR
BORAR, o AT IR 0T BN it LI 22 7 S A S
S A BURRAEAS [R] I Z AEA S/ NT B, R 5 I
FAEA W FE I LSS IE .

25 LTk, T2DM 4 IF (5 1l e i85 50 JOk s ik g
= L ) 25 3 O, U DR O ARG , 3 K 1 B Bk st =
B O MRS R I G, RPN ER X
B I A R IO S S A — AN BT L A A oA XA
T 22 A o J 00 A0 s 10 R IR R AL T

525 3Lk

[1] Ma RCW. Epidemiology of diabetes and diabetic complications in
Chinal J ].Diabetologia,2018,61(6) : 1249—-1260.

[2] Dal Canto E, Ceriello A, Rydén L, et al.Diabetes as a cardiovascular
risk factor: an overview of global trends of macro and micro vascular
complications[ ] ].Eur J Prev Cardiol ,2019,26(2_suppl) : 25-32.

[3] 1LiZJ],DuLF,Luo XH.Evaluation of ventricular-vascular coupling in
patients with type 2 diabetes mellitus using 2—dimensional speckle
tracking imaging[]l] Huazhong Univ Sci Technol Med Sci, 2014,
34(6):929-934.

[4] Okamoto M, Nakamura F, Musha T, et al. Association between novel
arterial stiffness indices and risk factors of cardiovascular disease[J].
BMC Cardiovasc Disord,2016,16(1):211.

[5] B ool o2x v B 2 O RO B VAR e (2020 4RO LT .
I P A 2 WA AR 2% 35, 2021, 41(5) : 482548,

(6] wE ML MEITE R 2, mlEBRE (T ), e
S MR 22, A5 T E R B A TR RS (2018 AR TTIO [T ],
T ELG L 4435, 2019,24(1) :24-56.

[7] Kass DA, Kelly RP. Ventriculo—arterial  coupling: concepts,
assumptions, and applications [J]. Ann Biomed Eng, 1992,20(1) :
41-62.

[8] Sunagawa K, Sagawa K, Maughan WL. Ventricular interaction with
the loading system[J].Ann Biomed Eng, 1984,12(2):163-189.

[9] Borlaug BA, Lam CS, Roger VL, et al.Contractility and ventricular

systolic stiffening in hypertensive heart disease insights into the



- 264 - I AR S 22 202344 HEE 2585548 J Clin Ultrasound in Med, April 2023, Vol.25,No.4

pathogenesis of heart failure with preserved ejection fraction[J]. follow—up study[ J].J Clin Med,2019,8(7):983.
J Am Coll Cardiol,2009,54(5) :410-418. [14] Tkonomidis I, Katsanos S, Triantafyllidi H, et al.Pulse wave velocity

[10] BXTH, B0, RERE , 45 . 20 0o 2 U U 2 B0 Ay T M v 1L to global longitudinal strain ratio in hypertension[J].Eur J Clin
MELLLEYREL) ] P E AR 2022,38(4) :520-525. Invest,2019,49(2) : e13049.

[11] Jentzer JC, Anavekar NS, Reddy YNV, et al. Right ventricular [15] Komine H, Asai Y, Yokoi T, et al. Non—invasive assessment of
pulmonary artery coupling and mortality in cardiac intensive care arterial stiffness using oscillometric blood pressure measurement[J].
unit patients[ J ].J Am Heart Assoc,2021,10(7):e019015. Biomed Eng Online, 2012, 11(1) :6.

[12] Tkonomidis I, Aboyans V, Blacher J, et al. The role of ventricular— [16 skZGE, EW, BIKTT, 45 T FRE AT IR 35 Ak 0 30 ik 1 A
arterial coupling in cardiac disease and heart failure: assessment, JE 1 B0 T vk B RS20 (). o [ B2 7 5045, 2018, 33(4) 1 22—
clinical implications and therapeutic interventions. A consensus 28,17.
document of the European Society of Cardiology Working Group on [17] EA&E U0 BRI 45 5T R Ah e 4% 35 I DA 50 ik (e i
aorta & peripheral vascular diseases, european association of T e bR S e P 22 () ] MR BE 2%, 2022,33(6) : 692-695.
cardiovascular imaging, and heart failure association [ J].Eur J Heart [18] Zuo 7], Chang G, Tan I, et al. Central aortic pressure improves
Fail,2019,21(4) :402-424. prediction of cardiovascular events compared to peripheral blood

[13] Lambadiari V, Pavlidis G, Kousathana F, et al. Effects of different pressure in short—term follow—up of a hypertensive cohort [J].Clin
antidiabetic medications on endothelial glycocalyx, myocardial Exp Hypertens,2020,42(1): 16-23.
function, and vascular function in type 2 diabetic patients: one year (s B 19 :2022-08-19)

(55258 10)

/6 '.' :',ﬁ
A B SR 7 R TR I 705 HOR R A DX R S99 22 A AR R 75 4571, 4 KK 29 26 mmx 18 mmx 13 mm; C: CDFI T-45

¥ : B2

TN AR LR
D« A FR- 47 CT 7R WU 22 2 /AT, B KA 2 5 mmx5 mm, (30 F A7 Bli ST AL 5 6 « 00300 58 CT 723 FROPRMR 22 I DX sl 4 25 Ak i , 3 22 ¢
IR CLEE 5 TR RO IR D45 5 1 - B R 2 SRS 49 1 S T2 e 200 AT S A4 B, e 20 B MO 2 o, T 2 b — 8, IR B A 5 8, 27 2L U0 A 5 i e
RN L 5L LR HES ) (HE 2 (3, x40)

Bl 1 NEPCHA CT K]
52 3THk J Endocrinol Invest,2000,23(4) :255-257.
[4]  Guilmette J, Sadow PM.Parathyroid pathology [ J].Surg Pathol Clin,
2019,12(4):1007-1019.

[1] Wei CH, Harari A.Parathyroid carcinoma: update and guidelines for
managcmcnt[]].Curr Treat Options Oncol ,2012,13(1):11-23.

[2] Al-Kurd A, Mekel M, Mazeh H. Parathyroid carcinoma [J]. Surg
Oncol,2014,23(2) :107-114. years after thyroid surgery: a case report[J].Case Rep Oncol, 2022,

[5] Ratniece M, Tauvena E, Pavlovics S, et al.Large parathyroid tumor 8

[3] Spinelli C, Bonadio AG, Berti P, et al.Cutaneous spreading of 15(2):528-534.
parathyroid carcinoma after fine needle aspiration cytology[J]. (YRt IE] . 2022-09-22)



