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[Abstract] Objective To explore the correlation between the distribution of pathogenic bacteria causing urinary tract
infections after radical prostatectomy for prostate cancer (PCa), and the occurrence of stress urinary incontinence (SUI) as well as
changes in inflammatory factors. Methods A total of 213 patients with prostate cancer who underwent robot-assisted radical
prostatectomy in Nanyang First People's Hospital Affiliated to Henan University from January 2021 to January 2024 were
retrospectively selected as the research objects. The patients were divided into the infection group (n=66) and the non-infection
group (n=147) according to whether they had a urinary tract infection after surgery. The patients were divided into the SUI group (n=
61) and the normal urination group (n=152) according to whether SUI occurred three months after surgery. The pathogenic bacteria
detected in patients with postoperative urinary tract infections were cultured, isolated, and identified, and the composition of the
infection group and the non-infection group, the SUI group, and the normal urination group was compared. The levels of interleukin
(IL) -1, IL-6, prostaglandin E2 (PGE2), tumor necrosis factor-o (TNF-a), prostate volume, preoperative urethral length of the
uninfected+normal urination group (n=136), uninfected+SUI group (n=11), infected+normal urination group (1=16), and infected+
SUI group (n=50) were compared. Multivariate linear regression analysis was used to analyze the correlation between IL-1, IL-6,
PGE2, TNF- a and bladder function. Multivariate Logistic regression analysis was used to analyze the risk factors affecting
postoperative SUL The restricted cubic spline model was used to analyze the dose-response relationship between IL-1, IL-6, PGE2,
TNF-a and the risk of urinary tract infection occurrence. The Hayes Process program was used to analyze the mediating effect of IL-1,
IL-6, PGE2, and TNF-a on the relationship between postoperative combined urinary tract infection and bladder function. Results
Among the 66 patients who developed urinary tract infections after surgery, a total of 85 pathogenic bacteria were detected. The main
pathogens were Escherichia coli and Staphylococcus aureus. The age of the infection group, the proportion of patients with a history
of preoperative stress urinary incontinence and those who had a urinary catheter inserted through the urethra and had postoperative
urinary retention, the duration of postoperative urinary catheter placement, the length of hospital stay, IL-1, IL-6, PGE2, TNF-a, and
the residual urine volume in the bladder were significantly higher than those in the non-infection group (P<0.05). The proportion of
patients who had preventive use of antibacterial drugs before surgery and the bladder pressure were significantly lower than those in
the non-infection group (P<0.0S). The SUI group had significantly higher ages, BMIs, prostate volumes, preoperative urethral
lengths, operation durations, the proportions of those with abdominal surgery history and preoperative SUT history, as well as those
with urinary tract infections compared to the normal voiding group (P<0.05). IL-1, IL-6, PGE2, and TNF-a were negatively correlated
with bladder pressure (P<0.05) and positively correlated with residual urine volume in the bladder (P<0.0S). Age >58 years old,
BMI >24.69 kg/m?, prostate volume >50.06 cm’, preoperative urethral length <14.08 mm, abdominal surgery history, preoperative
SUI history, urinary tract infection, IL-1 22.0S pg/ml, IL-6 >16.43 pg/ml, PGE2 >116.91 pg/ml, and TNF-a >1.03 ng/ml were
independent risk factors for postoperative SUI in patients (P<0.05). The levels of IL-1, IL-6, PGE2, and TNF-« in patients of the
"uninfected+SUI" group and the "infected+normal urination" group were significantly higher than those in the "uninfected+normal
urination” group (P<0.05); the level of IL-1 in the "infected+normal urination” group was significantly higher than that in the
"uninfected+SUI" group (P<0.0S); the levels of IL-1, IL-6, PGE2, and TNF-« in the "infected+SUI" group were significantly higher
than those in the other three groups (P<0.05). There was a non-linear dose-response relationship between IL-1, IL-6, PGE2, TNF-a
and the risk of urinary tract infection. When IL-1 >2.09 pg/ml, IL-6 >16.51 pg/ml, PGE2 >117.02 pg/ml, and TNF-a >0.97 ng/ml,
the risk of urinary tract infection increased with the increase of their levels (non-linear P<0.05, total P<0.05). IL-1, IL-6, PGE2, and
TNF-a had significant mediating regulatory effects between postoperative combined urinary tract infection and bladder pressure and
bladder residual urine volume (P<0.001). Conclusion The main pathogenic bacteria causing urinary tract infections after radical
prostatectomy are Escherichia coli and Staphylococcus aureus. Postoperative urinary tract infections and stress urinary incontinence
are both independently associated with enhanced systemic inflammatory response, and their coexistence shows a synergistic effect. IL-
1, IL-6, PGE2, and TNEF- a have significant mediating regulatory roles between postoperative urinary tract infections and bladder
function.
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Tab. 1  Distribution of pathogenic bacteria in patients with

postoperative urinary tract infection

I JEL A n REL o LR R R L (%)
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Rk 4 6 7.06
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B 2 P B T 11 11 12.94
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Tab.2 Comparison of clinical data between patients with and without postoperative urinary tract infection

LD JEYLLH (n=66) RIEYLL (n=147) t/¥/Z P
IR (%) 62.6%3.0 55.5+3.0 15.973 <0.001
BMI (kg/m?, %+s) 23.47+1.55 23.64+1.60 0.724 0.470
HIF AR AR (em?, £s) 49.52+4.21 48.98+4.40 0.839 0.402
R PRIE K BE (mm, x+s) 13.59+1.77 14.02+1.86 1.583 0.115
FARBHK (min, M(Q,, Q,)) 148.91(134.86,175.67) 145.28(130.35,171.54) -0.416 0.682
Y PRI 5 (%) 1.077 0.299
f 44(66.67) 87(59.18)
I 22(33.33) 60(40.82)
i IR 52 (%) 0.568 0.451
el 47(71.21) 97(65.99)
7o 19(28.79) 50(34.01)
JE R TFA 5 (%) 0.644 0.422
H 32(48.48) 80(54.42)
JG 34(51.52) 67(45.58)
AT SUTEE (%) 12757 <0.001
B 23(34.85) 20(13.61)
7 43(65.15) 127(86.39)
IR R 5 (%) 1.021 0.312
[ 49(74.24) 99(67.35)
7 17(25.76) 48(32.65)
AR 52 (%) 0.047 0.829
e 56(84.85) 123(83.67)
Jo 10(15.15) 24(16.33)
S5 (%) 0.111 0.739
T, 29(43.94) 61(41.50)
T,, 37(56.06) 86(58.50)
AR BB BT TR 254 (%) 75.800 <0.001
H 12(18.18) 119(80.95)
g 54(81.82) 28(19.05)
B DRAE T 1 16261 <0.001
22 PRIE BR B RS (%) 41(62.12) 48(32.65)
JI% e 4 (96) 25(37.88) 99(67.35)
A5 BUFE AL FHBT ] (h, %ts) 25.1742.15 24.62+1.84 1.913 0.057
A5 B E SR I E] (d, xts) 9.28+2.70 8.03+2.12 3.645 <0.001
AR5 PRI ER (%) 12.759 <0.001
i 60(90.91) 100(68.03)
7o 6(9.09) 47(31.97)
ARJEFIRFFERE[d, M(Q, Q)] 3.19(2.64,3.71) 3.14(2.58,3.64) 0.703 0.481
{EBERE(d, %xs) 22794225 20.05+1.86 9.301 <0.001
IL-1(pg/ml) 2.71+0.39 1.25+0.23 34.108 <0.001
IL-6(pg/ml) 22.64+6.30 11.22+3.17 16.546 <0.001
PGE,(pg/ml) 144.12+14.92 104.61+11.05 21.553 <0.001
TNF-a(ng/ml) 1.2940.18 0.84+0.11 22418 <0.001
J e T (43) 9.56+1.10 12.35+1.38 14.482 <0.001
Ji A 4% R 2 (ml) 318.89+31.12 160.08+15.41 49.830 <0.001
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&3 IL-1.IL-6.PGE2 . TNF-o 5EBELIRERIARSCHE ST
Tab.3 Correlation analysis between IL-1 ,IL-6 \PGE2 , TNF-« and bladder function

- JBE IR JBE AR AR R i
B (95%CI) P B (95%CI) P
A ARIY
IL-1 -0.537(-0.732~-0.312) <0.001 1.869(1.531~2.124) <0.001
IL-6 -0.518(-0.711~-0.304) <0.001 1.872(1.546~2.135) <0.001
PGE2 -0.624(-0.761~-0.325) <0.001 1.783(1.612~2.086) <0.001
TNF-a -0.651(—0.784~-0.349) <0.001 1.901(1.723~2.237) <0.001
TR 1
IL-1 -0.578(~0.796~—-0.365) <0.001 1.877(1.528~2.230) <0.001
IL-6 -0.596(~0.734~-0.355) <0.001 1.898(1.564~2.227) <0.001
PGE2 -0.641(-0.752~-0.382) <0.001 1.810(1.571~2.241) <0.001
TNF-a -0.663(-0.766~-0.399) <0.001 1.945(1.597~2.216) <0.001
A 2
IL-1 -0.592(-0.784~-0.364) <0.001 1.886(1.519~2.243) <0.001
IL-6 -0.604(-0.743~-0.387) <0.001 1.912(1.558~2.218) <0.001
PGE2 -0.655(-0.789~-0.393) <0.001 1.815(1.572~2.324) <0.001
TNF-a -0.679(-0.791~-0.376) <0.001 1.964(1.587~2.362) <0.001

IL-1 FAEAF 1 IL-6. AN 6; PGE2. HIFIMRER E2; TNF-o MR IASEE T AR 1. JRPERAFERS . BMI; B2, JEFRIR L
ki@ N T = | W2 N 373 1 AR =7 N SN 5 115 L2

R4 AT SUTIERHERIEH MRV LA (s, B1(%)) (& %)
Tab. 4 Comparison of clinical data between patients with Fe kT SUIH IEF R
UL and thoce wie b ot Yoo AR (n=61) no1s2) 0P
ostoperative SUI and those with normal urination | x+s, n(%
posop Y JpsEL 3 10) 0.056 0.812
J5h7 SULAL  IEWHERAL /¢ P T 25(40.98)  65(42.76)
(n=61) (n=152)
AR () 61.8+2.6 54.243.1 16904 <0.001 Lo 36(s902)  87(5724)
RLE .82, 2£3. . <0. VTN .
. ARHTHBPER T
BMI(kg/m?®) 2675329 23.58+2.35 7.888 <0.001 w2y 0.598 0439
AIFIRRARFR (cm?) 50.56+3.79  47.52%4.21 4.898 <0.001 = 40(65.57) 91(59.87)
ARBIPRIEKE (mm) 12474171 14.1142.03 5.565 <0.001 = 21(34.43) 61(40.13)
FARBFHE (min) 1512142273 142.13£20.27  2.853  0.005 B SR Iy 0585 0444
BRI U] Wesd LRI EIRE  23(37.70) 66(43.42)
Gl 40(65.57) ) TR A 38(62.30) 86(56.58)
Jc 21(34.43) 61(40.13) Nt
AR 0006 0938 il (h) 24.83+2.10  25.06+1.94 0764  0.446
A 41(67.21) 103(67.76) S = oo
REREFREN 025 sa1e219 0986 0325
I 20(32.79)  49(32.24) ] (d)
JEFBF AR 15391 <0.001 W NEVI A 0978 0.323
H 45(73.77) 67(44.08) H 43(7049)  117(76.97)
¥ 16(26.23) 85(55.92) 7 18(29.51) 35(23.03)
N} NEI S EEEooN
A SUT 117.320 <0.001 gla%“ﬁﬁh 5PN 31650.85 3.04£082 0955 0340
H 41(67.21) 2(1.32) (d)
I 20(3279)  150(98.68) FEBERE(d) 21424373 2101281  0.873 0384
WK 1416 0234 P il 106.717 <0.001
o) 46(7541)  102(67.11) A 50(8197)  15(9.87)
T 15(2459)  50(32.89) 7 11(18.03)  137(90.13)
L 1283 0257 IL-1(pg/ml) 2.74+0.36 1284020  37.644 <0.001
H 54(88.52) 125(82.24) IL-6(pg/ml) 22.79+6.16  11.35+3.04  18.093 <0.001

I 7(11.48) 27(17.76) PGE2(pg/ml) 143.71£15.67 106.49%9.50  21.181 <0.001




(2L 3R)
e SUIZH  IEWHHRA
s (n=61) (n=152) vy P
TNF-a(ng/ml) 1.30£0.17  0.86+0.09  24.522 <0.001

BML SR HHES; SUL R PEIRGEE ;s T, W3 12
W T, RES 3~ L1 AT 1 6 4TI R
6; PGE2. HiiFIIRE E2; TNE-o. RIIRSEIA o

HIE 10, P=0.874, WA MIEILIE L.

2.6 DU HEFEMIL-1, IL-6. PGE2., TNF-a /K-t
o PUZHHHEAYIL-1, IL-6. PGE2, TNE-a /K- LbAE
%= S HA G5 X (P<0.05), AREYL+SUIL | &K
Y EWHER A B FAYIL-1, IL-6. PGE2, TNF-a7K
S R T AR+ 1E H HE PR AL (P<0.05) 5 S +1EH
HEPRZH IL-1 7K P 38 5 T A S+ SUT 4 (P<0.05) 5 /%
JerSUTH MY IL-1, IL-6. PGE2, TNEF-a /KB 8 5
T HAh =2 (P<0.05) (£ 6).

%5 A5 SULINZE E Logistic 737
Tab.S Multivariate Logistic analysis of postoperative SUI

- I PRAS L — I RASE L
OR 95% CI P OR 95% CI P

AEIY=S8(%) 2724 2.410~3.178 <0.001 2768 2.403~3.172 <0.001
BMI>24.69 kg/m’ 2.792 2.418~3.247 <0.001 2.801 2.431~3.264 <0.001
FIGIARAAFL>50.06 cm® 2.753 2.407~3.172 <0.001 2.736 2.412~3.156 <0.001
RATIRIE K S <14.08 mm 2.890 2.456~3.270 <0.001 2.895 2.474~3.287 <0.001
FARAF£:>148.52 min 1.568 1.123~1.795 0.097 1.596 1.132~1.831 0.089
AT AR 3.107 2.774~3.535 <0.001 3.124 2.785~3.568 <0.001
H ARG SUL L 3.404 3.001~3.813 <0.001 3.410 3.012~3.849 <0.001
A PR i 3.845 3.628~4.103 <0.001
IL-1>2.05 pg/ml 2.869 2.326~3.527 <0.001
IL-6>16.43 pg/ml 3.158 2.783~3.562 <0.001
PGE22116.91 pg/ml 3.347 2.894~3.712 <0.001
TNF-a>1.03 ng/ml 3.401 3.011~3.865 <0.001

BML SR RHER SUL B PEIRREE T, W3 125 T, WP 3~4 1 IL-1 42 1 1L-6. 4N 3 6; PGE2.
NiFIIE % B2; TNF-ou I IRFE A F-o . MR 4055 4F8 . BMI. AiAATR . RETREREE . BEHTAS . Aijsurd; mis
R A0dE: AR BMI, AUSMRIARR, ARG KR . BERFARS . RFrsurs . REEYL . IL-1, IL-6. PGE2, TNF-a.

F6 YL RS PR Kl SULIB AU IL-1,1L-6 \PGE2 \ TNF-a L5 (x£s)
Tab.6 Comparison of IL-1,IL-6 . PGE2 , TNF-a between SUI patients with and without urinary tract infection (xs)

o KRB ERHIRAL  REYe+SUTZL Y IE PR Y+ SUTZL F »
(n=136) (n=11) (n=16) (n=50)

IL-1(pg/ml) 1.3740.24 223+031° 1.89+0.28" 2.58+0.33" 259.944 <0.001

IL-6(pg/ml) 12.13+4.15 15.58+4.77° 16.83+5.64" 20.61£6.17" 38.786 <0.001

PGE2(pg/ml) 98.31£11.04 130.13+12.72° 131.56£14.21° 141.05+15.10™ 167.016 <0.001

TNF-a(ng/ml) 0.82+0.13 1.19£0.16° 1.1240.16° 1.38£0.21™ 167.830 <0.001

SUL HE SR PRAES s IL-1 I EK 15 IL-6. 14043 6; PGE2. RFIAMRE E2; TNF-o MRIRAEIN F-ae 5 ARG+ IE H HEIRALAH
Fo, *P<0.05; SARERYL+SUIAHIL, *P<0.05; HEYu+EHHERAIL, P<0.05

2.7 IL-1, IL-6, PGE2, TNF-a 5 R Y % A X
B iR R O R AR KW IL-1, IL-6. PGE2,
TNE-o 5 PRI & 2B RS 39 A7 AE AR G ) o S g
KFR, MIL-1>2.09 pg/ml, IL-6>16.51 pg/ml. PGE2>
117.02 pg/ml, TNE-a>0.97 ng/ml i, JRHEEYL ) %
HEABSEBEIL-1, 1L-6, PGE2, TNF-a 7K b T
hn(AEZAE: P<0.0s, & P<0.05, 1),

2.8 IL-1, IL-6. PGE2, TNF-o 1EAJ5 & I IR i Jik
g5 M Th e Z B th A S o3 b i — 20 B

IL-1, IL-6. PGE2, TNE-a fEA G A IR R YL X i
DT T ER AR PR E R RE I, LIRS & I PR I sk
Yooy A, BEMEE T . R A IR o AR
IL-1., IL-6. PGE2, TNE-a/K NP 28a, FHesHl
AR . BMI, WRAHER . DRI SR . mram R R L OB IR
TR IR, MR
B, 28RN, ARIFGIFIRIEEIERYY nl B 452 w155
e R 1. B b Ak A IR B (P<0.001), IL-1. IL-6,
PGE,. TNF-o X ARJ5 &I R S50 . 185
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Fig.1 Dose-response relationship between IL-1, IL-6. PGE2. TNF-a and the risk of developing urinary tract infections
RAOSLA ARG RIS A R OR(E, Rt 2 A3 959%CT

o5k 4% IR i B A A0 (P<0.001) o B IbE T S A%
DA B 53 0726, 0.786. 0.783. 0.847, HIARL
N HCA 53590 R 40.63% . 48.47% . 47.25% . 50.18%. %
e AR IR AR RSN fEL B 1 73530 0.778 . 0.805 . 0.842,
0.843, 1 A RN L 1 43 0 Ky 46.02% . 48.20%.
48.93% . 49.35%(F7. K2).
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Fig.2 Mediating effects of IL-1, IL-6, PGE2., TNF-a between postoperative urinary tract infection and bladder function
*P<0.001, AR HA: (By.5/ B )x100%
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Tab.7 Mediating effects of IL-1,IL-6,PGE2 , TNF-a between

postoperative urinary tract infection and bladder function

B

SR

AR EHREER AR EHIREEGS

B IEs A ek

IL-1 (pg/ml)
Btz (95%CI)
P
By, (95%CT)
P

IL-6 (pg/ml)
B trien (95%C)
P
B o105, (95%C1)
P

PGE, (pg/ml)
B i3, (95%CT)
P
B v (95%CI)
P

TNF-a (ng/ml)
B gri,(95%CI)
P
B o (959%CI)
P

0.431 (0.324~0.528)
<0.001

0.295 (0.216~0.324)
<0.001

0.405 (0.304~0.516)
<0.001

0.417 (0.302~0.513)
<0.001

0.413 (0.310~0.520)
<0.001

0.430 (0.319~0.532)
<0.001

0.422 (0.316~0.523)
<0.001

0.427 (0.315~0.526)
<0.001

0.420 (0.308~0.517)
<0.001

0.358 (0.304~0.389)
<0.001

0.381 (0.310~0.422)
<0.001

0.388 (0.331~0.432)
<0.001

0.370 (0.329~0.410)
<0.001

0.412 (0.372~0.457)
<0.001

0.425 (0.367~0.468)
<0.001

0.416 (0.379~0.464)
<0.001
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FREENER, -6 7K1 55 38 5 A RS2 I IR i ik
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o, PGE, K V- AT W by, 38 o 7 399 465 0 L K OF
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AR08 01 PR SR, e AR R S TR R
YeH W IL-18. IL-6, TNF-a, PGE2 KW B TR
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PGE2. TNF-a W]l i TAIRGE , PRI 5T
HH A 179 4= B M S0E RO TR o IL-1. IL-6. PGE2,
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W
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2.05 pg/ml, IL-6216.43 pg/ml, PGE2>116.91 pg/ml.
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