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Analysis of smart pelvic floor ultrasound in evaluating levator ani morphology and the diagnostic
efficacy for new-onset urinary incontinence in postoperative pelvic organ prolapse patients
LI Na' ,WANG Chunli' ,ZHAO Hongmin',SU Jie' ,LU Shanshan®,LI Ning®
(1.Department of Ultrasound ,Yihe Maternity Hospital ,Cangzhou City People’s Hospital , Hebei Cangzhou 061000 ,China ;
2.Department of Ultrasound ,Cangzhou City People’s Hospital , Hebei Cangzhou 061000 ,China)

[ Abstract] Objective To explore the evaluation of levator ani morphology using smart pelvic floor ultrasound in postoperative pelvic
organ prolapse (POP) patients and its diagnostic efficacy for new-onset urinary incontinence. Methods 90 postoperative POP
patients treated at Cangzhou People’s Hospital from February 2019 to May 2022 were selected as the case group,and 100 healthy
postpartum women who underwent physical examination at the same hospital were selected as the control group.Based on the
occurrence of new-onset urinary incontinence,the patients after POP were divided into the occurrence group (n=46) and the non-
occurrence group (n=44).Smart pelvic floor ultrasound was used to compare the quantitative parameters between the groups with
and without new-onset urinary incontinence.Smart pelvic floor ultrasound was used to evaluate the morphological characteristics of

levator ani muscle in postoperative POP patients with and without new-onset urinary incontinence. Multivariate Logistic regression
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analysis was used to identify risk factors influencing the occurrence of new-onset urinary incontinence,and a nomogram model was
established and validated. The receiver operating characteristic (ROC) curve was used to evaluate the diagnostic efficacy of various
factors for new-onset urinary incontinence. Results The urethral rotation angle (URA) , bladder neck descent (BND),and resting
and Valsalva retrovesical angles (RVA) in the case group were significantly higher than those in the control group. while the
distance from the bladder neck to the lower edge of the pubic symphysis (BSD) and the distance from the lowest point of the rectal
ampulla to the lower edge of the pubic symphysis (RAD) were significantly lower (¢ values between 3.562 and 17.413,P<C0.05).
New-onset urinary incontinence patients had higher URA, BND, and RV A values at rest and during Valsalva compared to those
without new-onset urinary incontinence,while BSD and RAD values were lower (¢ values between 3.326 and 7.320,P<C0.05).The
levator hiatus width (LHW), H-line, and M-line values at rest and during maximum effort were greater in POP postoperative
patients with new-onset urinary incontinence, and bilateral asymmetry scores were lower (¢ values between 4.128 and 24.857,
P <C0.05).Multivariate Logistic regression analysis indicated that menopause, preoperative UDS-urethral obstruction, and reduced
levels of maximum urine flow rate,average urine flow rate,and maximum urethral closure pressure (MUCP) were risk factors for
new-onset urinary incontinence,with OR values and 95% CI of 1.225 (1.064-1.720),1.580 (1.194-1.865),0.458 (0.212-0.844),
0.406 (0.201-0.742) ,and 0.520 (0.144-0.805) ,respectively. ROC curve analysis showed that combined prediction of RVA, urethral
tilt angle (UTA) ,BSD., RAD, URA. and BND had the best diagnostic efficacy for new-onset urinary incontinence, with an area
under the curve of 0.889.The model evaluation indicated that the constructed nomogram prediction model had high discrimination
(92.35%) yaccuracy (90.26 %) ,and clinical applicability. Conclusion Compared to healthy postoperative women, postoperative POP
patients exhibit significant changes in quantitative parameters of smart pelvic floor ultrasound. Postoperative POP patients with
new-onset urinary incontinence show significant changes in levator ani morphology, which can be accurately assessed using
intelligent pelvic floor ultrasound.

[Key words] pelvic floor ultrasound;pelvic organ prolapse;levator ani morphology;urinary incontinence;diagnostic efficacy
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Table 1 Comparison of clinical data between the two groups [x =s,n(%)]

ERE| 5 B 4L (n=90) Xf BB 4 (n=100) L/x2 P
IR () 32.45+8.25 33.68+7.30 1.090 0.277
5t T (4 23.42+8.35 23.30+7.36 0.105 0.916
BMI(kg/m?) 24.6542.48 25.3542.64 1.878 0.062
W% i st 0.514 0.473

H 12(13.33) 10(10.00)

P 78(86.67) 90(90.00)
el 0.260 0.610

H 15(16.67) 14(14.00)

J 75(83.33) 86(86.00)
S B 5 R 0 s 0.043 0.836

H 11(12.22) 10(10.00)

J 79(87.78) 90(90.00)
B W S0 DR 0.836 0.361

H 16(17.78) 13(13.00)

J 74(82.22) 87(87.00)
ZER (PO 2.16+0.85 2.2440.92 0.620 0.536
FER (KD 1.2040.47 1.1240.40 1.267 0.207
2% 2% 4.659 0.031

= 75(83.33) 70(70.00)

i 15(16.67) 30(30.00)
FEUIBRFAR 0.535 0.465

H 10(11.11) 8(8.00)

J 80(88.89) 92(92.00)
A JF 54 IR (mL) 2.9040.70 2.85+0.82 0.450 0.654
AR UDS-JK i A% BH 11(12.22) 24(24.00) 4.372 0.037
Tyhe PR IE K B (em) 2.50+0.64 2.5240.58 0.266 0.821
ARHT UDS-2% A% JR it (mL) 10.5442.76 10.48742.80 0.148 0.882
&8 IR LA B Bl 20(22.22) 25(25.00) 0.202 0.653
I KR Wi % (mL) 11.68+3.15 14.75+3.72 6.157 <<0.001
R FE (mL) 10.34742.66 12.8243.08 5.954 <0.001
5 KR FE (em H, O) 67.79418.43 71.80416.27 1.593 0.113
MUCP(em H:O) 42.55+10.36 49.42410.40 4.555 <0.001
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Table 2 Comparison of quantitative parameters of smart pelvic floor ultrasound between the two groups (x £ s)

SRl B2 (n=90) X4 (n=100) ¢ P
RVA(C) R 126.384+18.20 115.64415.32 4.414 <20.001
Valsalva 143.45+18.62 124.30+17.34 7.340 <20.001
UTA() (iD= 18.65+6.28 17.73+6.60 0.982 0.328
Valsalva 31.70£8.43 24.9247.55 5.848 <<0.001
BSD(mm) [ 95 24.52+5.86 27.68+6.32 3.562 <0.001
Valsalva 10.35+3.12 12.904+4.16 4,738 <20.001
RAD(mm) [ 95 15.67+4.70 19.94+5.51 5.715 <0.001
Valsalva 4.62+2.05 9.33+2.64 13.626 <<0.001
URAC®) 30.7849.82 17.5844.27 12.222 <20.001
BND(mm) 15.8043.20 8.64+2.45 17.413 <<0.001

xR3 REHAFEREAZENPOP EEMNEHREZEEFEESHXILIL (x5
Table 3 Comparison of quantitative parameters of smart pelvic floor ultrasound in POP patients

with or without new urinary incontinence (x &£ )

i H L] (n=46) FHIA (n=44) t P
RVA® iD= 133.83+15.28 122.47+17.10 3.326 0.001
Valsalva 153.42+16.74 139.72+17.40 3.807 <0.001
UTAC) e 19.4645.92 18.3646.05 0.872 0.386
Valsalva 37.1246.75 29.5048.48 4.727 <0.001
BSD(mm) e 20.40+5.66 26.26+£5.44 5.004 <0.001
Valsalva 8.97+2.80 11.7842.69 4.851 <0.001
RAD(mm) s 13.16+3.94 16.7844.25 4.193 <0.001
Valsalva 3.25+1.82 5.43+1.74 5.803 <0.001
URAC() 36.974+8.12 28.3548.87 4.812 <0.001
BND(mm) 18.15+2.84 13.5543.12 7.320 <0.001

T4 ARHIAHERIEZENPOP RGEZFMRAEHEMNEEILL (x £
Table 4 Comparison of dynamic measurements of levator anal muscle in patients with or

without new urinary incontinence after POP surgery (x £ )

EgE| H B4 (n=46) AHBA (n=44) t P

ICA-L(# D 46.52+7.64 46.77+7.82 0.153 0.878
ICA-L(H D 56.2346.16 55.23+6.37 0.757 0.451
ICA-R(E D 47.88+7.14 46.86+7.40 0.666 0.507
ICA-RCH /1) 57.3748.55 55.2248.62 1.188 0.238
LPA(# ) 47.30£8.74 46.35+6.54 0.582 0.562
LPACH I 59.5748.82 52.76+6.62 4.128 <<0.001
LHW(# 2D 4.360.80 3.36+0.66 6.453 <<0.001
LHWH D 6.10£1.22 3.90+0.73 10.323 <0.001
H £ G 2D 5.76+0.68 4.280.86 9.077 <<0.001
HZ&UHID 6.7740.90 4.860.60 11.791 <<0.001
M £k (G 2D 2.60+0.55 1.1640.38 14.389 <<0.001
M U1 3.9540.90 1.7840.56 13.661 <<0.001
FA-LG#E)D 0.3240.02 0.447+0.05 15.069 <<0.001
FA-RCAID 0.2040.04 0.410.04 24.857 <0.001
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Table 5 Multi-factor Logistic regression analysis

assignment table

35 F ik fi
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AT UDS-JR 3 % BH T=0;H=1
FRIRI R R IR .MUCP T PR, 4 IR 92 bR AUE
R IR A DL T=0;F=1

F6 ZEE Logistic MASHTEMBEEFRLREENEE

Table 6 Multivariate Logistic regression analysis of factors influencing new-onset urinary incontience in patients

A5 i 8 SE WaldX? OR(95%CI) P
2% % 0.203 0.145 2.800 1.225(1.064~1.720) 0.013
AR UDS-JR 18 45 fH 0.457 0.249 3.671 1.580(1.194~1.865) 0.015
B RIR T H —0.781 0.586 2.666 0.458(0.212~0.844) 0.004
S BRI R —0.901 0.645 2.794 0.406(0.201~0.742) 0.001
MUCP —0.654 0.361 3.623 0.520€0.144~0.805) 0.002
2.6 TEHKHISH 100
28 12 W o A O 18 R B AR L 25 R R T 22
i i I T (variance inflation factor, VIF) #<C10, ) sor
AR 1 2 (AL AN A S 2 AR B S, L3R 7. _
S 60
x7 TEENSEHLMEISH %
Table 7 Multicollinearity diagnosis among variables m 0

A5t 5% VIF —— UTA
e - BSD
Y 2% 0.965 1.188 20 I RAD
AT UDS-JR 38 45 BH. 0.927 1.006 — URA

—— BND
Fi R IR i 0.916 1.129 0 .

0 50 100

TR 0.948 1.020 1— 1557 % (%)
MUCP 0.952 1.012
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FUr 518 0.810,0.844,0.788,0.805,0.822,0.817,
0.889, & B 7S A A 3 Wk & 0L Xof 387 & IR 2 25 1) 12 Wi
B EAr, W 1,

B 1 |BFSHEHMHERRKRRERN ROC HL%k
Fig.1 ROC curves for predicting new-onset urinary

incontinence with various parameters
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H 52 43 s E PR RN 11.5mL, W 4> 4 55 435
MUCP 4 45.4cm H, O, %t W5~ 54 505 BN
248 43 Ho R IR AR e A KUy 82.67 0, LA 2,
2.9 REFEM
G 2k [ 455 D PN 35 55 9IF R A Bootstrap H R FF
1000 R EAT , 552 RAF R LA 2 1B BT A58 & DR 2%
A A XU Ry A 6 7 i, S B BT R DR R A R A A T

2T TR TR ARE 5 KR A IR O A I ST 2 4 X R 2%
S5 LR, RIS UEHT S5 (Y M 2T 1w AR50y 0.868
(0.825~0.889) il 0.837(0.812~0.870) , f J& & /3
S 88. 1804 86,396, K¢ 5 B 43 il S 90. 26 %% .
90.55 %% , P34 4 %k i 22 242 0.009 , 15 B 3% 51 2k [ 45
RO A0 i 1A DX 43 3 RASS o B, L O 0 R 52 3 R
N RN N
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Fig.2 Nomogram prediction model
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