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Abstract

Introduction. Infectious complications (ICs) after transurethral resection of the prostate (TURP) are significant and
potentially life-threatening conditions with an incidence 0.5% - 20.0%. Most publications provide data regarding early
infectious complications. At the same time, there are currently no studies aimed at a comprehensive assessment of
long-term infectious complications after TURP. The problem of prevention and treatment of ICs is also accompanied by
insufficient understanding of the role of undiagnosed inflammation in prostate tissues and the lack of representative
laboratory markers.

Objective. To assess the prostate-specific antigen density (PSAd) as a predictor of long-term infectious complications
after transurethral resection of the prostate and to determine the optimal cut-off value.

Materials & methods. This single-center study included 162 patients who underwent mono- and bipolar TURP
between 2016 - 2023. Inclusion criteria for the study: prostate volume 30-80 cm3, no history of urinary tract infections
(UTIs) at the time of hospitalization and antibiotic treatment at least one month before surgery, possible presence
of latent UTIs before surgery, no prostate cancer. Exclusion criteria were failure to meet inclusion criteria. Infectious
complications assessed included upper and lower UTIs, as well as epididymitis, orchitis and prostatitis, confirmed
by clinical and laboratory data. Prostate-specific antigen (PSA) assessment was performed < 2 days before surgery.
Results. The median PSAd value was 0.04 [0.03; 0.08] ng/ml?, the variable was significantly different in non-infection
and infection groups (0.04 and 0.08 ng/ml?, respectively, p = 0.009). The area under the curve (AUC) was 0.67 (95% CI
[0.546 - 0.791]). The optimal cut-off value of the PSAd in prediction of long-term ICs was > 0.07 ng/ml?, sensitivity/
specificity: 58.3% and 76.1%, respectively. The analysis showed more than 4 times higher odds of developing an
infectious complication in PSAd > 0.07 ng/ml? patients: OR 4.3 (95% CI[1.7 - 10.5], p = 0.001).

Conclusion. This study demonstrates data that defines a new clinical non-oncological significance of PSAd as
a predictor of the development of long-term infectious complications after TURP.
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AHHOTaUuA

BBepeHwme. VIHbeKUMOHHbIe ocnoxHeHs (MO) ABAAOTCA 3HaUYMMbIM, MOTEHLMAIBHO XM3HeYrpPOoXatoLM COCTOs-
HVeM, pPasBMBaOLLMMCSA NPU TPaHCYpeTpaibHOW pe3sekunn npeactatenbHom xenessl (TYPI) ¢ yactoTtoit ot 0,5%
40 20,0% cnydvaes. bonbliaa yacTb ncciefoBaHUin NPeAoCTaBAAT AaHHbIE B OTHOLLUEHUW HenocpeACcTBeHHbIX
n 6nvxaniwmnx MO. Mpn 3Tom B Tekylllee BpeMs B inTepaType OTCYTCTBYHOT paboThbl, BCECTOPOHHE OCBeLlatoLLme
oTaanénHHble O nocne TYPI. MNMpo6bnema npodunaktnkm n neveHmns NO oCnoXHAETCS Takke HeAOCTaTOYHbIM MO-
HUMaHMEeM POan He ANArHOCTUPOBAHHOIO BOCMaseHns B TKaHAX npeAcTaTenbHOM Xese3bl 1 OTCYyTCTBMEM pernpe-
3eHTaTUBHbIX 1abOpPaTOPHbLIX MapKEPOB.

Lenb nccnepgoBaHus. OueHka NI1OTHOCTM NpocTaTcneyndunyeckoro aHTureHa (PSAd) kak npeamkTopa OTAaNEHHbIX
MHPEKLMOHHbIX OC/IOKHEHW NMOc/ie TpaHCypeTpanbHOM pe3ekLmn NpocTaThl.

MaTtepuansbl 1 meToAbl. B HacTosiLLlee MHOMOLIEHTPOBOE MCCne0BaHMe BKIOUeHbl 162 nayyieHTa, KOTopbiM 3a
nepuog ¢ 2016 no 2023 roAbl! 66111 BbINOAHEHbLI MOHO- 1 6unonspHas TYPI. KpuTepun BkioveHUa B UCC1e0Ba-
Hue: 06BEM NpegcTaTenbHoM xenesbl 30 - 80 cM3, OoTCcyTCTBME B aHaMHe3e nHdekumin moyeBbix nyten (MMI) Ha
MOMEHT roCnuUTanmn3aunm 1 neveHns aHTMbakTepraabHbIMM NpenapaTtamMmm Kak MUHMYM 3a 1 Mecsil, 4o onepauun,
BO3MOXHOE Hannume nateHTHbIX VIMI nepes onepavuuen, oTCyTCTBME paka npeacraTenbHom xenesbl. Kputepriem
VICKFOYEH A CITYXXINI0 HECOOTBETCTBYE KpUTEPUSAM BKIOUeHUs. OueHBaeMble MHGEKLIMOHHbIE OCI0KHEHS BKIHO-
Yanm NHGeKUNM BEPXHUX U HUXKHUX MOYEBbIX MyTel, a Takke aNUANANMUT, OPXUT U MPOCTaTUT, MOATBEPXAEHHbIE
Ha OCHOBAHWW KJIMHMKO-N1abopaTopHbIX AaHHbIX. OueHka npoctaTcnenndumnyeckoro aHtureHa (MCA) npomncxoanna
He paHee 2 CyTOK Nepej onepaumnei.

PesynbTaTtbl. MeanaHa nokasatens PSAd coctaBuna 0,04 [0,03; 0,08] Hr/mn?, nokasaTenb 3HaAYMMO pasamnyancs
B rpynnax 6e3 O n ¢ MO (0,04 n 0,08 Hr/mn? cooTBeTcTBeHHO, p = 0,009). MNnowaab nog kpmuson (AUC) coctaBuna
0,67 (95% AN [0,546 - 0,791]). OnpeseneHo onTrManbHoOe NOpPorosoe 3HaveHue (cut-off) nokasartens PSAd kak npe-
AVKTOpa oTAanéHHbIx MO: PSAd > 0,07 Hr/Mn?, 4yBCTBUTENbHOCTL / cneundrnyHocTb — 58,3% 1 76,1% coOTBETCTBEHHO.
AHanun3 nokasan 6osee yem YeTbIPEXKPATHOE MOBbILLIEHME LLIAHCOB Pa3BUTUA MHPEKLMOHHOIO OC/IOXKHEHMWS Nnpwu
PSAd > 0,07 Hr/mn?: oTHOoLWweHMe waHcoB — 4,3 (95% AW [1,7 - 10,5], p = 0,001).

3aknroyeHue. ViccnefoBaHve JEMOHCTPUPYET pesy ibTaTthl, OnpejenstoLme HOBYHO KIVIHUYECKY HEOHKO/Iorye-
CKYH0 3HaUMMOCTb NokasaTens NAoTHocTK MCA Kak npeAMKTopa pa3BUTUSA OTAANEHHbBIX MHOEKLIMOHHbIX OC/TOXXHEHW
rnoc/e TpaHcypeTpanbHOM pe3ekLnn npeactaTe/ibHOM Xenesbl.

KnioueBble cnoBa: J06pokayvecTBeHHas rinepniasmsa npegcratensHom xxenesbl; ANMDK; TpaHcypeTpanb-
Has pe3ekuusa npeacratensHom kenesbl; TYPI; HGEKLMOHHbIE OCNOXHEHUS; MHPEKLN MOYEBbIX MyTei;
WMT; nnoTHOCTBL NpocTtatcneumdunyeckoro aHTureHa; NCA; nnenoHedpuT; sNNANANMOOPXNT; MPOCTATUT
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Introduction

Transurethral resection of the prostate
(TURP) is one of the most common surgical
procedures in urology and is considered the
gold standard for surgical treatment of benign
prostatic hyperplasia (BPH) [1, 2]. Infectious
complications (ICs) are the most dangerous
limitations of endourological prostate surgery.
ICs are potentially life-threatening difficult
to control conditions and one of the leading
causes of sepsis. The incidence of infectious
complications during transurethral prostate
surgery ranges from 0,5 to 20,0% [2 - 5]. Most
studies provide data regarding immediate and
short-term infectious complications. At the
same time, there are currently no publications
providing comprehensive assessment of long-
term infectious complications after TURP. The
problem of prevention and treatment of ICs is
also complicated by insufficient understanding
of the role of undetected inflammation in
prostate tissues and the lack of representative
laboratory markers.

Objective. To assess the prostate-specific
antigen density (PSAd) as a predictor of
long-term infectious complications after
transurethral resection of the prostate.

Materials and methods

This single-center study included 162
patients who underwent mono- and bipolar
TURP between 2016 and 2023 with monopolar
24 Fr and bipolar 24 Fr resectoscopes Karl Storz
(«Karl Storz SE GmbH & Co. KG», Tuttlingen,
Germany). Inclusion criteria for the study:
prostate volume 30 - 80 cm?3, no history of
symptomatic urinary tract infections (UTIs) at
the time of hospitalization and treatment with
antibacterial drugs at least one month before
surgery, possible presence of latent UTIs,
absence of prostate cancer. The exclusion
criterion was failure to meet the inclusion
criteria.

Preoperative examination of patients
was carried out in accordance with clinical
guidelines. Prostate volume was assessed
using transrectal ultrasound (ml), device —
RS80A (Samsung, South Korea), probe — CA2-
9A (2 - 9 MHz). Total blood PSA was assessed
no more than two days before surgery. PSA
density (ng/ml?) was determined using the
formula = PSA (ng/ml) / prostate volume (ml).
All patients with a total blood PSA level > 4 ng/
ml, as well as having digital rectal examination
or magnetic resonance imaging (magnetic
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resonance imaging scanner GE Discovery
MR750w 3.0T, General Electric, USA) underwent
prostate biopsy at least three months before
proposed transurethral prostate surgery inin
the presence of indications: a total blood PSA
value > 4 ng/ml, digital rectal examination,
and magnetic resonance imaging data
suspicious for prostate cancer. The number
of daytime and nighttime voids was assessed
by completing a voiding diary for 7 days. The
development of long-term ICs was defined
as clinical and laboratory signs of upper and
lower urinary tract infections or in presence
of confirmed episodes of epididymitis, orchitis
and prostatitis.

Statistical analysis. Statistical analysis was
carried out in the statistical data processing
environment IBM® SPSS Statistics ver. 23.0
(«SPSS: An IBM Company», IBM SPSS Corp.,
Armonk, NY, USA). The Kolomgorov-Smirnov-
Lilliefors test was used to test the distribution
normality and the equality of variance was also
assessed. Descriptive statistics for quantitative
variables are presented for normal distribution
as the mean (M) and standard deviation
(+SD) and for non-normal distribution as the
median (Me) and interquartile range [Q1;
Q3]. To compare quantitative variables with
normal and non-normal distribution, Student
t-test + Levene test and Mann-Whitney U test
were used respectively. Frequencies were
compared using Pearson’s chi-square with
Yates's correction. For correlation analysis,
the Spearman rank correlation coefficient was
used. Logistic regression analysis was used to
assess the predictive power of the variable.
Nagelkerke R2 was used to calculate the
proportion of variance in clinical outcomes that
could be explained by the predictors. Receiver
operating characteristics (ROC) curves and
the corresponding area under the ROC-AUC
curve were used to assess the quality of the
model. A sample size of 162 patients is enough
to achieve an effect size of 80% for logistic
regression.

Results

1) Analysis of demographic details and
baseline perioperative data.

Baseline characteristics and a comparative
analysis of groups with and without ICs are
presented in Table 1. The median follow-up
was 4 [1.2; 5.4] years. ICs were developed in
24 (14.8%) patients during follow-up: urethritis
developed in three cases, epididymo-orchitis
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Table 1. Demographic details and baseline

Variables Total Non-infection Infection b
(n=162) (n=138) (n=24)

Age, M + SD years 67.5+7.1 67.5+6.9 67.1+7.9 0.775
BMI, M + SD kg/m2 285+4.2 28,5+4.2 284+4.2 0,907
Diabetes, n (%) 28 (17.3) 26 (18.8) 2(8.3) 0.335
Suprapubic drainage, n (%) 39 (24.1) 31 (22.5) 8 (33,3) 0.373
Prostate volume, M = SD ml 71.0+ 235 71.3+23,6 69.2 + 23.1 0.689
Total PSA, Me [Q1; Q3] ng/ml 3.2[1.8; 6.4] 3.1[1.8;5.2] 4,412.7,10.8] 0.043*
PSAd, Me [Q1; Q3] ng/mI2 0.04 [0.03; 0.08] 0.04[0.03; 0.07] 0.08 [0.04; 0.11] 0.009*
Day urination, M + SD 6.4+1.3 6.3+1.3 6.5+1.2 0.531
Night urination, M + SD 46+23 45+23 5.0+£23 0.335
Early IC, n (%) 19(11.7) 16 (11.6) 3(12.5) 1.000
Long-term IC, n (%) 24 (14.8) 0(0.0) 24 (100.0) -

Notes. 1) * differences are significant at p < 0.05; Student's t test + Levene's test and Mann-Whitney U test were used to compare quantitative variables for
data with and without normal distribution, respectively; frequencies were compared using Pearson's chi-square + Yates's correction; 2) PSA — prostate-
specific antigen; PSAd — PSA density; BMI — body mass index; IC — infectious complications; M + SD — mean + standard deviation; Me [Q1; Q3] — median

& interquartile range

Table 2. PSA and PSA density correlations with
the incidence of infectious complications

Long-term IC

Variables

r p
Total PSA, ng/ml 159 0.043
PSA density, ng/ml2 207 0.008

Notes. 1) r — Spearman correlation coefficient, statistically significant at p
< 0.05; 2) IC — infectious complications; PSA — prostate-specific antigen
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Figure 1. Frequency distribution of PSA density
(PSAd) values
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in nine cases, acute prostatitis in one case,
and cystitis in 11 cases. Age, BMI, prostate
volume, daytime and nighttime urination
frequency before surgery and the incidence of
early postoperative ICs during hospitalization
were comparable in groups. The groups had
statistically significant differences in baseline
total blood PSA and PSA density.

Table 2 presents the correlations between
baseline total PSA and PSA density values and
the incidence of long-term ICs.

Figure 1 shows the distribution of PSA
density by occurrence frequency (%). About
85.2% of values did not reach 0.10 ng/ml?,
10.5% of values were in the range of 0.10 -
0.20 ng/ml?, 1.9% were in the range of 0.20
-0.25 ng/ml? 2.5% - represented by values of
0.35-0.50 ng/ml2.

2) ROC analysis of the prognostic value
of PSA density as a predictor of long-term
infectious complications.

The median PSA density was 0.04 [0.03;
0.08] ng/ml2. The area under the curve (AUC)
was 0.67, standard deviation 0.062 (95% CI
[0.546 - 0.791]) (Fig. 2).

3) Optimal cut-off value of the PSA density
for predicting distant infectious complications.

From a sequential series of PSAd values
[min: 0.0049 ng/ml? max: 5.058 ng/ml?] the
range with the optimal ratio of sensitivity (54.2%
- 58.3%) and specificity (73.9% - 77.5%) was
determined: from 0.06 ng/ml? to 0.08 ng /ml?
(in Fig. 3 the range is limited by the red dotted
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Figure 2. ROC curve of PSA density for the outcome: Figure 3. PSAd cut-off value on the ROC curve for

long-term infectious complications. ROC — Receiver the outcome: long-term infectious complications.

Operating Characteristic (PSAd — prostate-specific antigen density; red
dotted lines limit the optimal range of sensitivity

lines). The cut-off value PSAd is located at the  and specificity; PSAd cut-off value is at the

intersection of the green dashed lines. intersection of the green dashed lines. ROC —

Table 3 presents the sensitivity, specificity, — Receiver Operating Characteristic)

positive and negative predictive values, positive

and negative likelihood ratios, coefficients of 4) Goodness-of-fit analysis for univariate

determination (Nagelkerke R2), and predictor models predicting long-term infectious

significance (p) at different cut-off levels. The  complication from PSAd values.

optimal ratio of sensitivity / specificity, positive ROC curves of predicted and observed IC

/ negative predictive value, as well as the  outcomes were constructed for three cut-off

highest percentage of explained variation in  valuesincluding the optimal PSAd > 0.07 ng/ml?

outcome (long-term ICs) was determined for  to perform a goodness-of-fit analysis of the

a PSAd cut-off value > 0.07 ng/ml=. univariate model. Models' characteristics are

Table 3. Predictive accuracy of different PSA density cut-off values for assessing the risk of long-term
infectious complications

PSAd cut-off value, ng/m/P? Sensitivity, (%)  Specificity, (%) PPV, (%) NPV, (%) LR+ (%) LR-, (%) R2 p

>0.06 58.3 73.9 90.6 25.0 2.23 56.5 0.071 0.010*
>0.07 58.3 76.1 91.2 29.2 2.43 58.2 0.107 0.002*
>0.08 54.2 77.5 90.9 29.3 2.40 59.0 0.086 0.004*

Note. PSAd — prostate-specific antigen density; PPV / NPV — positive / negative predictive value; LR+ / LR- — positive/negative likelihood ratio; *
statistically significant at p < 0.05

Table 4. Goodness-of-fit test for univariate models predicting long-term infectious complications from PSAd values

PSAd cut-off value AUC CI lower limit CI upper limit p

>0.06 0.639 0.516 0.763 0.029*
>0.07 0.668 0.545 0.792 0.009*
>0.08 0.645 0.517 0.773 0.024*

Note. PSAd — prostate-specific antigen density; AUC — area under the curve; CI — confidence interval; *statistically significant at p < 0.05
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presented in Table 4. The analysis confirmed
the highest predictive value of the optimal
cut-off value PSAd > 0.07 ng/ml?, AUC = 0.67;
95% CI [0.55 - 0.79].

5) Assessment of the relationship between
long-term ICs and PSA density.

To assess the relationship the odds ratio
(OR) was calculated for a cut-off value of PSAd
> 0.07 ng/ml%. The analysis showed a more
than 4 times increase in the odds of developing
an infectious complication with an increase in
PSAd > 0.07 ng/ml?: OR = 4.3, 95% CI [1.7 -
10.5], p = 0.001.

Discussion

Most studies do not discuss PSA level as
a risk factor for the development of infectious
complications after TURP [6 - 11]. According
to recent studies about 10.0 - 12.0% of the
results of PSA assessment as part of cancer
screening are false positive [12]. Discussion
of the high rate of false-positive results in
total PSA screening tests primarily focuses on
overdiagnosis, over-prescription of biopsies,
and biopsy-associated complications. From
our point of view, it is important to focus
attention on the causes of non-cancer-related
PSA variability and false-positive results of PSA
screening. PSA is nonspecific for assessing
the oncological process and is reactive in
inflammatory processes in the prostate.
It is noted that febrile UTIs in men may be
accompanied by an increase in serum PSA
values [13]. In a 2023 meta-analysis based on
pooled data from three studies (290 patients)
our scientific group confirmed that the average
preoperative PSA values is significantly higher
in patients with postoperative bacteriuria
[14]. The present investigation continued the
research trend on the PSA role in the issue of
infectious status of patients undergoing TURP
and confirmed the association between PSA
values and long-term ICs.

It is known that PSA values associated
with the prostate volume [15]. In current
study, it was decided to assess PSAd to

increase PSA representativeness as a marker
of prostate inflammatory status. The results
of the analysis showed a more significant
relationship between the PSAd and long-term
ICs compared with the total blood PSA. These
findings allow us to propose the use of this
biomarker as an important predictor of ICs.
Our results demonstrate the potential role of
PSAd as a marker of undetected inflammatory
processes in the prostate. To our knowledge,
this is the first study to demonstrate the non-
cancer prognostic PSAd values in determining
the risk of long-term infectious complications
after TURP.

Study limitations included the small sample
size, single-centre, and retrospective study
design.

Conclusion

This study demonstrates data that defines
a new clinical non-oncological significance
of PSAd as a predictor of the development
of long-term infectious complications after
transurethral resection of the prostate. The
results of this study suggest further research
into the structure of significant predictors
of infectious complications in the early and
long-term postoperative periods and the
development of multivariate prognostic models.

Key points:

1. This study suggests the significance
of undetected inflammatory processes in
prostate tissue as a factor in the development
of long-term infectious complications.

2. Current study supports the need for
a more in-depth assessment of the prostate
infection and inflammatory status to improve
the safety of endosurgical interventions.

3. The theoretical significance of the
research is to confirm the correlation between
PSA values and the development of infectious
complications.

4. The proposal to calculate PSA density
as a volume-adjusted index achieved greater
prognostic value for predicting infectious
complications with prostate interventions.
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