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Abstract

Objectives: To evaluate the clinical value of ultrasound echo intensity quantitative technology
combined with color Doppler flow quantification technology by analyzing the degree of renal fi-
brosis and blood perfusion in patients with chronic kidney disease (CKD). Methods: A total of 100
patients with CKD in our hospital were collected as the case group, and 40 healthy volunteers as
the control group. Laboratory parameters, baseline data, two-dimensional and color renal dy-
namic blood flow images and parameters were collected. The data of kidney and spleen gray scale
ratio, vascular index (VI), blood flow index (FI) and blood flow index (VFI) in the region of interest
were collected and analyzed automatically by QLAB software. Spearman rank correlation was
used to test the correlation of kidney to spleen gray scale ratio and renal peripheral blood perfu-
sion parameters with the risk of CKD. Logistic regression was used to analyze the risk factors of
CKD. Results: (1) There was no significant difference in gender, age and BMI among the groups.
There were significant differences in estimated glomerular filtration rate, hemoglobin, cystatin C,
serum creatinine and urea nitrogen between the two groups. (2) With the aggravation of chronic
lesions, the gray scale ratio of kidney and spleen increased, which was higher than that of the con-
trol group; The data of VI, FI and VFI gradually decreased, and the ratio was lower than that of the
control group, and the differences were statistically significant. (3) According to the results of Spear-
man rank correlation analysis, the gray scale ratio of kidney and spleen was positively correlated
with the risk of CKD progression, and VI, FI and VFI were negatively correlated with them. (4) The
results of Logistic regression analysis showed that the gray ratio of kidney and spleen and VFI
were risk factors for inducing CKD. Conclusions: Ultrasound echo intensity quantitative technolo-
gy combined with color Doppler flow quantitative technology can dynamically and early monitor
the degree of fibrosis and microcirculation perfusion in patients with CKD, which has certain ap-
plication value in evaluating the degree of chronic renal disease.

Keywords

Ultrasonic Echo Intensity, Gray Value, Color Doppler Flow Quantitative,
Chronic Kidney Diseases

DOI: 10.12677/acm.2023.13122633 18729 Il R 125 23k i


https://doi.org/10.12677/acm.2023.13122633

Bd

%

farey
=¥

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

18 % ' k995 (Chronic kidney disease, CKD) {4y 22 5 PR 15 A A2 12 ' Ek 445 40 AN D RERSERS PRS0, 2%
TSR A W B R IRAAAE , H AN ) 10.8% [1], BEE WIS K&, CKD B3 B IEMIE#E
VR FFRAT YR AL, SR S [2], PR SNBK A O L8 55 (B3R AN SE T XU EUE S AT g
20 f5[3]. PRI, RELSHAR LR MR AR L2 BURTBG IRIR B R EREE L. PRSI EARIR IS WIS
HESR, EOREET IRAR “ebRdE” . A EERB TR ELR, HEOVAARE, JFAER T CKD
ZHASKLI . P (] P iR R E BRSO 2 I L E AR — R RN S B EOR, TTE
AT IEOGER X (RONZFJEAL AR S AR R NG D0, o] B RU3) 'B M Sh e 45 2« AR S ik 2 B
CKD &#F WK Z W R 2 E BB IX B A S8, IF SRR LE, PIAR PIA BRI &
XAl CKD F8E 5 I 2T 2 AR L 2 L AT V8 VA P e PRS2 P A7«

2. BREE
2.1 —fgwEE

WA BB ER S NEL 2022 4 1 H % 2022 4 09 H Uit 100 5] CKD S w4, Hrp
F035 56 Bl B 44 Bl Lo, ERSVEFEITE 16~74 & 2 (8], “F15(49.0 £ 15.1)%5 . gIAbrifE: O 5 2012 4
[ bR T 223 CKD VAl AN BRI PR S B 48 7 2 Wibs fEAR TR & [4]s @ B B MIG IR SR A &
Bkl @ AIRAMRE AR AR . HRbrdE: © BRI E . @ BOEIEDIGRE . © B R
WHEGESE. 2. DEES). Y5 2012KDIGO 18 1 B M WAL 5 & FIG R 9245 CKD #EE X
W6 7 50K 95 1 443 AR R A 4L 40 5 v FE A v A 2 60 51, 5 32k 130T 40 497 i R A5 I A ot R L, v
24 51 531, 16 B, FESVERITE 20~70 & 217, “F3(40.6 + 13.1)% . WFF 5 5 Cidd A B0 R 248
R R I, AR A S R s o R R RS E .

22. U#EERZE

2.2.1. 158

K 12 W4 (Philips EPIQ 7), C5-1 (R k, A% 3~5 MHz. B i — 540, —4EHE A 155 64%,
MI 1.3, FKEREE 16 cm, RHEEET 6 cm ib, (FREEAAMEE A, BEME SN 52%, f
HIh% 64 Hz, B b R S4(-18~+18) cm/s, Fi& QLAB # ALl Ak TAEu:.

222 &

W EE RN, BRERTBCE AR B VBB MRS, REA S 4RO 2 E ) AL,
DU BE KA B R B E /Nt [8] Bl ik e 4 A A St S (PSV) M EE 2 ¥ 2 (R1) - S8 BRAEPEIR )
fERAR BB S 1 B I K UDI, 70 iR AR — e R S 2 B ER % 4 s, ¥R 1%E 2 QLAB 7
A, XTI ER X 35 (region of interest, RONAT I AT, THEIFICTE I ST R LLE . a5
(vascularity index, V) i £ (flow index, FI)F ML ifi yii £ £ (vascularization flow index, VFI).

2.2.3. HibFRIREN
SRR SZ I ML TOR S I B A A 45 R .
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23. GirERE

KH SPSS 23.0 Giit 2L WA T T 7R . FEERIA(X£s) 2, ZAHLERHRRE
ANOVA ¥, FHGE R SR . K Spearman FAAHSSKLLE 73 BTl 75 285 CKD i KUK
A I Logistic [BIH) 77 Mk & CKD I fa k% .
3. &R
3.1 FRESSIOEAWIEFRMEL TR

EVER. FERY. BMI GTH, ERELGHEE N AR C. mMaEA. mULE. REE. Bh
Rk R EAE T, EZREHSIFE NG P<0.01). EEEREGANME C. maEA. MmALEF.
JRER B/NERE RAGHAE T H SxT AR Ed, ZRASRIFE NI P<0.01). &Gk id
EMZIERE A 24 h JREEAMR ACR HSIKH B, EZRERIFEE LGP <0.01). Wk 1.

Table 1. Comparison of baseline data and laboratory biochemical indexes in each group

T 1 BARLTIRIASII = 4 LIEAREE R

24 h

5 Bl ERE BMI MmLE  JREZ ~ CysC  IMZE  eGFR wEy KACR
2 (f51) %) (kg/m?  (umol/L) (mmol/L) (mg/L)  {i(g/L) (ml/min) (/M) (mg/g)
406+ 2585+ 5873+ 464+ 061+ 12815+ 139.02+
sHE 2
REAL 2416 ey U377 1110 112 021 889 2841
422+ 2372+ 5500+ 488+ 087+ 13615+ 12959+ 164+ 12570+
4
flebfss 2218 g 3.64 13.03 1.50 0.13 17.40 24.21 1.04 17.08
 fEk s a4 D95t 2498+ 9684+ 801+ 150+ 12220+ 09184+ 720+ 205454
& 4h, 135 3.22 61.16° 299 070  21.18" 46.77"" 596" +613.83"
F 1 0.105 0576 1.306 6.250 7.388 4684 13625 14.362 -
P 1E 0.901  0.642 0.163  <0.001 <0.001 <0.001 <0.001  <0.001 -
S53imA e, P <0.01; St EAE, P <0.01. BMI: fKFEHE: CysC: MilE C: eGFR: B/NEkygid

FKALEAE, JR ACR: JREALET.

32. RUEBFRESWLER

Bt ARSI N, A S AR e L RO LB R e, B X R4, TV FILL VFI
BTG, BHOIRAR, EREASIEE (TP < 0.01). F4UNHEBIK PSV AR BIEKAE.
PR R ERATILRL, ZR B E . WK 2,

EXIRAMEL, R el el s G A S AT AR RN, BOGER X PN B AR EAE M,
RAMFANE 9 g, IF(E] - om 3 2R (A, Dlmfatkmeding . W 1.

Table 2. Comparison of ultrasound examination parameters in each group
2 HEBEFRESHLER

B K47 JE PSV B JBLIR B B
25 HRERAR  RRJT RI VI FI VFI
L (cm) &£ (cm) (cm/s) 1H(%)
10.65 + 151+ 19.38 + 0.62 + 47.40 + 18.10 + 8.01+
HE 4
REE 1.23 0.23 3.62 0.53 171+2.12 7.14 212 1.00
10.81 + 152+ 19.62 + 0.63 " 35.64 + 15.26 + 5.00 +
Y
e 1.03 0.18 3.19 0.47 82+1.03 5.40" 1.39% 0.87*
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e fE i 10.69 + 1.47 + 19.13 + 0.59 + 104 + 206" 29.20# + 14.44#:; 4.01#1:
a2 1.15 0.39 351 0.58 8.54 2.03 1.16
F1{H 0.295 -0.289 -0.527 -0.519 15.824 8.392 6.983 16.371
P{H 0.754 0.761 0.537 0.591 <0.001 <0.001 <0.001 <0.001

ExtRALE, P<0.01; SMCHHEAEE, P <0.01. PSV: B/NEIZNKICAE B TDE: Rl B /N RS KRR
%G VI MRS, Pl fmiEsk VR I fmiesk.

A: SR, PHYEREKRE(E N 16.26; B: XTHRZL, P VI A 45.78; C: MR, “F#FI A 17.94; D: XA,
SEHVFL 9 8.16; E: &EfatkE G, FH B EKEM N 28.51; F: EfakE G, F VI N 1163; G: EfaikE
fadl, “PYFI N 12.95; H: EfatEad, P VR A 151,

Figure 1. Time-intensity curves of the renal region of interest in the control group and the high-risk very high-risk group

E 1 sREMSERSEESERBXAEE - 58 Lk E

3.3. EXMHR

HEHE CKD XK 20 2%, MU B K FEELAE . VIL Fl. VFI 5 CKD #k & X% 34T Spearman #&AH 5<%
Mro. @RER, BEKEIME. VI. FI. VFI 53R X2 BEA EZHet, b, SBKEHES
HEIEMIE, VI, Fl. VFI 53t REEFE A, L3 3.

Table 3. Correlation between ultrasound parameters and risk of CKD progression

#* 3. BESH5 CKD #HRENKHE XM

5 B K FE U A (%) \Y| FI VFI
rs 0.499 -0.688 -0.596 —-0.794
P <0.001 <0.001 <0.001 <0.001

3.4. Logistic Y3434 & CKD NEKRER

BB HER CKD E AR, @il Logistic BIASHT AN, 55k CKD FfER: R &4 S WK E HLE
M VFl., L5 4,

Table 4. Univariate and multivariate Logistic regression analysis of risk factors of CKD
4. BREMSEZE Logistic BYA5H CKD X E£HBKEE

BRI A EASE i
AN
OR (95%Cl) P{H OR (95%Cl) P{H
ER(F) 1.039 (0.956~1.066) 0.851 - -
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BMI (kg/m?) 0.889 (0.796~1.037) 0.643
I HLEF (umol/L) 1.024 (1.005~1.044) 0.013 0.971 (0.939~1.003) 0.079
B /NERJESE 2 (ml/min) 0.975 (0.964~0.987) <0.001 0.986 (0.976~1.0009) 0.220
14T 2 F1 (umol/L) 0.999 (0.979~1.019) 0.913
5 HBL IR B AR (%) 1.086 (1.044~1.131) <0.001 1.054 (1.006~1.104) 0.026
VFI 0.726 (0.017~0.195) <0.001 0.740 (0.648~0.844) <0.001
vE: OR: HWfEML; Cl: BEEXIH.
4. +ig

CKD 2R L WA, PR Ra R L Z R i, AR R ORI (BTS2, &%
FIRIRI V2 R0E. BB, GIK EA Z RS Wr B IR I 757, BAESRS SA A BUR R
CT. MRI MIZ ¥ A SRR PR A, BUHEZ R P AAO I, MEEESFE; CT M MRIA
AT HANRESERT AR, RS E S B, RO PR 52 2R KPR A56 & Fa bs £ ZAHE
ANERIEIE AN A . LB RS, R R A m DA b s RN BB I R R, Bt
2 P R DARE I BN TR B KPSV & R BIEFER I, EaREd G o 4R bR E AL IR LB T, B
BRITFES . AR AR A2 AT R, GRS I SE3 = s (ULEF . JRER. B/ kit
RAEAE), BLGITHER. BIHKE. BR8] 3h Bkl s B s & B A fe S i,
LG5 ARG, LIbrBUREAR: R 2, HBEE TR0, B R A A R
AE Ak .

b4 CKD VAR REINE, B WELF 4 Ao A B I, B DR i Jnt v Bk, ax 2ot 8 2 HLR W R A,
U RS B B AL I 2T A A R FE AN RIS 0, ARG PR R A FI Wy CKD kL, [HARIRAIRD . AW
50 R A 2 30 3 P (] P R E R R &) ] ROI, %o BTt o) 4 0 [ 75 i 2 1 3k 4T 58 B . VI FLL
VFI 2R 028 9 ML BHEOR B IFE RS, 81 Q-lab B g & i+ LB ERIX (RO W Rt i B, xf il
TRHEVE T DU AT 2 R AT [6]. Horh MR s 5 MR VI IIRAE S P58 N FI, AR MLHE 135
B Wi HOsRAUIIE VR, AR E. RSN, BEKELME. VI. FI. VR ES A LR 2 71
BRI R, FMKE AR E SRR O E i, VI. Fl. VR BEZ K. kel %,
FRIEARREE AT CKD 18R I B L. A SSME T EE ST, VIL FILL VR B L
{5 CKD ik NS HAEE R E A e, BIK L S CKD #F e KIS £ 1EAH5S, VIL FI. VFI 5 CKD
RS AR SG, BRI CKD #ERE, B IR FE LB IR, T VI Fl. VEL 205l 204 J5 R AT g
B CKD #tfE, B/NERZESE, B R4, B /N BB /NG P 40 o 360 SRk B TR 9 HL =
A RRERNL, BE/NERBIKEREE R, B, i M, EIERUE S, RIS, B/hER
JERLFBRAR, BETTE DUREREAT ML T . AWTFT[7] [BIRML, B /INEREETE D | B /NERAE (b 22 46 A0 45 15 1)
NE A AEIE (S SRES, E S ECE/NE BB B IR E R, SERASS A, mEE
FRAN R, BT M 4T 4 Ak

I Logistic [0 #r el &0, B RRAK RS ELAE 215k CKD MIfalH . HIEFETEE N, k& CKD it
&, IR E RALLEEETOR, HNEREEA . B ANEEAIEEA . B RALSZ I H R RS WTG N,  HE
R B fTETAEE SR N, B AR N, SRR 5K LB A AR K A E
YT REMRRIR /N KBS, S, 8 AR AR RT DU RO B AN A BIORES 2 W™= AR s B 4%
I, K FEAE T LA SV HARRAE AR AR [9] [10] BARILLVZEMF 57 3 W R 7 ] 5 o P e 43 R mT DA 482 Jse Bk
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BIhaeARA, HA AR R E A S WMES A . B VIS FIL VR 2 EILEN, v T
FEA T E R AT E VR, AT VR AENZ IR Logistic [01H T HI46HR, 2BTFURIL, VFI
WKk CKD KfE R . HUkitil, ZZS5EEmT DA A CKD k2, o mrAs i e e i A 2t
JEtE bt JLIRNFIREN, BEAE CKD EFHWNE AR, B /NI BERAL . MR (S S i ift e 7738 &
SRR PR, CKD 703Ul , B A B PA ML S, 5 E[12)5 0 Fe 4 R — 2.

BT REE SRS AF . SHOE . BRERE . BE RIS S AR R AE & TR R I R i
PREZESR, WORDTFOCRA—8AEE L 7 — G O R SR AT IR, 23T 7E RO CEAEAH
[ R FEE AR AT REAH A /NI 0 T 64T 1, RIS 38E s PR R 2 5 PR SR A MR B AR PR R i K

5. &g

Pk, HAELSE Q-lab EEHORBEMER . T, USRS B R T 2T YRR L S A 3A LAt v
EROL, T RE R R R CKD B R A & EhAdt i, v CKD [ 530 A A it e S (1 — Fhifr
Jile BT HAEARARS R BEAUR —— XN, W HA D, G222 5 i A Roe ikl b
AN ELEE ) CKD B35 1) IR LT AR AR L S L S HEVE SRAR I, J5 SR FURE AR AR A R AR SRl 3B AT
PRI o

&5k
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