Journal of

%

Clinical Medicine

Article

Long-Term Follow-Up after Testicular Torsion: Prospective
Evaluation of Endocrine and Exocrine Testicular Function,
Fertility, Oxidative Stress and Erectile Function

Peter Torzsok 1'*(7, Christopher Steiner 1, Maximilian Pallauf 1-2, Michael Abenhardt !, Ljiljana Milinovic !,

Bethseba Plank 1, Alena Riickl 3, Manuela Sieberer 1, Lukas Lusuardi 1

check for
updates

Citation: Torzsok, P.; Steiner, C.;
Pallauf, M.; Abenhardt, M.; Milinovic,
L.; Plank, B.; Riickl, A.; Sieberer, M.;
Lusuardi, L.; Deininger, S. Long-Term
Follow-Up after Testicular Torsion:
Prospective Evaluation of Endocrine
and Exocrine Testicular Function,
Fertility, Oxidative Stress and Erectile
Function. J. Clin. Med. 2022, 11, 6507.
https://doi.org/10.3390/
jem11216507

Academic Editor: Jens Fedder

Received: 5 October 2022
Accepted: 1 November 2022
Published: 2 November 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Susanne Deininger !

Department of Urology and Andrology, Paracelsus Medical University, Salzburg University Hospital,

5020 Salzburg, Austria

Department of Urology, The James Buchanan Brady Urological Institute, Johns Hopkins University School of
Medicine, Baltimore, MD 21211, USA

Department of Pathology, Paracelsus Medical University, Salzburg University Hospital,

5020 Salzburg, Austria

*  Correspondence: p.toerzsoek@salk.at; Tel.: +43-(0)5-7255-27402; Fax: +43-(0)57255-27499

Abstract: Background: This study investigates endocrine and exocrine testicular function, oxidative
stress (OS) in semen, and erectile function in patients who underwent surgery for suspected testicular
torsion (TT). Methods: We evaluated 49 patients over a mean follow-up of 101 months: n = 25 patients
treated with surgical exploration, n = 20 patients treated with detorsion, and n = 4 treated with
orchiectomy. We performed semen analysis including Male infertility Oxidative System (MyOxSIS)
analysis, physical examination, and evaluation of endocrine and erectile function. Results: OS, erectile
function and spermiogram categories did not differ significantly between the groups. The interval
from the onset of symptoms to surgery differed significantly between groups (p < 0.001). Preservation
of the testes was associated with a higher round cell count (p = 0.002) and follicle stimulating hormone
(FSH, p = 0.003). OS showed a significant positive correlation with the spermiogram category (0.337;
p = 0.022). A negative correlation was observed between OS and age (p = 0.033), sperm concentration
(p < 0.001) and total sperm count (p = 0.006). Conclusions: Endocrine, exocrine and erectile function
are not significantly affected by TT in the long term. Orchiectomy results in elevated FSH and a lower
round cell count compared to preservation of the testis.
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1. Introduction

Testicular torsion (TT), usually a spontaneous twisting of the testis around the sper-
matic cord causing subsequent ischemia, affects 1/4000 men younger than 25 years of
age [1,2]. It is a urological emergency. A suspected TT calls for immediate surgical explo-
ration with detorsion and fixation or removal of the affected testis [3]. In order to avoid
severe testis injury, surgery should be performed within six to eight hours, at the latest,
after the onset of symptoms [4,5].

Experimental animal studies showed that unilateral TT is capable of reducing fertility
by damaging the blood—testis barrier (BTB). However, this only occurs when the twisted
testicle is left in place [6]. Furthermore, injuries to the BTB can provoke an immune response,
damaging both testis [4,7].

Permanent impairment of testicular function is thought to be caused by ischemia at the
time of TT and by oxidative stress (OS) following detorsion [8]. Reperfusion hyperemia after
detorsion of the testis causes the production of reactive oxygen species (ROS). ROS may
provoke testicular DNA impairment, which may culminate in germinal cell apoptosis [9].
OS is regarded as one of the main elements of male infertility [10-12] and is negatively
correlated with sperm concentration and motility [13,14].
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The primary endocrine function of the testis, which is the production of testosterone,
appears to remain unaffected by TT [15,16]. However, reduced testosterone and elevated
follicle-stimulating hormone (FSH) and luteinizing hormone (LH) levels can be found after
TT [17]. Notably, elevated testosterone levels were also detected after TT compared to
controls [4].

Impairment of exocrine testicular function has been described in various studies,
which also report altered sperm morphology and decreased sperm motility and sperm
count [4,16-18]. Although the clinical effect of impaired semen quality has not been
specifically addressed in these studies, pregnancy rates were similar in comparisons of men
after TT and the average male population [19].

We lack a sufficient body of long-term data on the impact of testicular function after
TT on erectile function [20,21]. Moreover, to our knowledge no study has assessed OS after
TT in the long term.

The present study includes a long-term follow-up of endocrine and exocrine testic-
ular function, OS in semen, and erectile function in patients who underwent surgery for
suspected TT.

2. Methods

The data of patients who underwent surgery for suspected testicular torsion between
1 January 1999 and 1 September 2020 at the University Clinic of Urology and Andrology,
Salzburg, were analyzed. Three hundred and nineteen men were identified and contacted
between January and May 2021. Forty-nine patients agreed to participate in the study. All
participants gave their written informed consent and were >18 years of age at the follow-up
examinations.

We divided the patients into three groups based on surgical procedure: Group 1
(n = 25; patients with no intraoperative sign of torsion = suspicion of spontaneous detor-
sion) had been treated with surgical exploration of the testis and bilateral orchidopexy to
avoid a recurrent torsion of the testis; Group 2 (1 = 20; patients with unequivocal torsion
of the testis) had undergone surgical exploration of the testis, unilateral detorsion, and
bilateral orchidopexy; Group 3 (1 = 4; patients with necrotic testis) had undergone surgical
exploration of the testis, unilateral orchiectomy, and contralateral orchidopexy.

All patients received a standardized medical examination, including inquiry of their
medical history (family planning, body mass index [BMI], smoking status, medication,
drug and alcohol consumption, symptoms in the operated testis, activity at the onset
of TT symptoms, family history, physical activity and status). The International Index
of Erectile Function (IIEF-5) questionnaire was used to determine sexual function. The
physical examination included a scrotal ultrasound investigation, a blood test, and a
spermiogram with an assessment of routine seminal parameters according to the World
Health Organization (WHO), determination of OS, and anti-sperm antibodies (ASA).

The patients” physical status was assessed on a scale from 1 to 5 (1: unfit, 5: fit).
According to their COVID-19 status, patients were divided into two groups: the first had
had a COVID-19 infection proven by a polymerase chain reaction test, and the second had
not. Clinical data, if available, were obtained from the hospital records.

A blood sample was taken between 7 a.m. and 9 a.m. to determine hormonal status.
FSH, LH, testosterone, free-testosterone (fT), sexual hormone binding globulin (SHBG),
albumin, prolactin, and thyroid-stimulating hormone (TSH) were measured in the hospital
laboratory. The normal ranges for the blood test were as follows: FSH 1.5-12.4 mU/mL; LH
1.7-8.6 mU/mL; testosterone 2.49-8.36 ng/mL; fT 6.76-22.76 pg/mL; SHBG 18.30-54.10 nmol/L;
albumin 3.4-5 g/dL; prolactin 86-324 pU/mL; TSH 0.54.20 mU/L.

Semen was collected in the hospital by masturbation after two to five days of sexual
abstinence. All samples were analyzed within one hour after collection. Semen analysis
was performed according to the WHO 2010 criteria. ASA was analyzed by the mixed
antigen reaction test (MAR test). OS was determined with the Male infertility Oxidative
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System (MyOXxSIS, AYTU BioScience, Englewood, CO, USA) [22]. The normal range for OS
was <1.38 mV/10° mL.

2.1. Ethics Approval
The consent of the local ethics committee was obtained (EK: 1152/2020).

2.2. Statistics
2.2.1. Comparisons of Two Subgroups

All data of continuous variables were checked for normal distribution (test of normal-
ity: Kolmogorov-Smirnov with Lilliefors significance correction, type I error = 10%) and,
in the case of normal distribution, also for variance heteroscedasticity (Levene’s test, type I
error 5%). In the case of normality and variance homogeneity, the independent two-sample
t-test was used for group comparisons. In the case of normality but no variance homogene-
ity, Welch’s t-test was applied. For variables without normally distributed data and for
variables measured on ordinal scales, the Mann-Whitney U test was used. Dichotomous
variables were compared by Fisher’s exact test, and the remaining categorical variables by
the chi-squared test.

2.2.2. Comparisons of More Than Two Subgroups

As no continuous variables showed both normally distributed data and variance
homogeneity, all continuous variables, as well as variables measured on ordinal scales,
were compared by a non-parametric analysis of variance (Kruskal-Wallis test, followed
by Nemenyi’s multiple comparisons). Data of categorical variables were analyzed by the
chi-squared test, with the provision of adjusted residuals.

Correlations were reviewed by Bravais—Pearson correlation coefficients, Spearman’s
rank correlation coefficients, and point biserial Spearman’s rank coefficients. Associations
of continuous variables and variables measured on ordinal scales with categorical variables
were investigated by eta coefficients (combined with analyses of variance using the categor-
ical variable as a grouping variable—for details see above). Associations of dichotomous
variables with categorical variables were investigated by Cramer’s V (combined with the
chi-squared test and Fisher’s exact test). The influence of various parameters on oxidative
stress was investigated by multiple regression analysis. The type I error was not adjusted
for multiple testing. Therefore, the results of inferential statistics are only descriptive.
Statistical analyses were performed using the open-source R statistical software package,
version 4.0.5 (The R Foundation for Statistical Computing, Vienna, Austria). The detailed
statistical analysis can be obtained from the authors on request.

3. Results
3.1. Demographic Data—Descriptive Statistics

Demographic data are shown in Tables 1 and 2. The mean duration of follow-up was
101 months (1-253). None of the patients had a recurrent TT. Twenty-seven percent of
the patients (13/49) reported symptoms in the testis after surgery, such as pain (n = 7),
hematospermia (1 = 1), hypersensitivity (n = 3), and a high-riding testis (1 = 2); 57.1% of
the patients (n = 28/49) were physically active and 96% of the patients (n = 47/49) felt fit.
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Table 1. Demographic data of patients.
Exploration Detorsion Orchiectomy Total
Group 1 Group 2 Group 3
Investigated Parameter n % n % n % n %
Left 10 40 7 35 0 0 17 35
Side of the affected testis Right 15 60 13 65 4 100 32 65
Total 25 100 20 100 4 100 49 100
Resting 9 429 3 25 1 33.3 13 36
Activity at the onset Sleeping 8 38.1 7 58.3 1 33.3 16 44
of Symptoms Doing sports 4 19 2 16.7 1 33.3 7 19
Total 21 100 12 100 3 100 36b 100
. No 21 84 19 95 3 75 43 88
U“,desﬁer}‘ldeﬁ,t;s“s Yes 4 16 1 5 1 25 6 12
in the hashis Total 25 100 20 100 4 100 49 100
Positive famil No 23 92 18 90 4 100 45 92
P Y Yes 2 8 2 10 0 0 4 82
y Total 25 100 20 100 4 100 49 100
No 13 52 16 80 3 75 32 65
Smoking Yes 12 48 4 20 1 25 17 35
Total 25 100 20 100 4 100 49 100
No 8 32 9 45 1 25 18 37
Coﬁslgr}l‘otlion Yes 17 68 1 55 3 75 31 64
p Total 25 100 20 100 4 100 49 100

2 testicular torsion; P 13 patients were unable to recall what they had been doing at the onset of symptoms.

3.1.1. Family Planning

Ten patients (20.4%) had fathered a child after TT in ten cases. Assisted reproduction
was not needed. One patient who was normozoospermic after TT reported a spontaneous
abortion.

3.1.2. Erectile Function

One patient reported moderate (Group 1), one patient mild to moderate (Group 1),
and six patients mild erectile dysfunction (Group 1 three, Group 2 two patients, and Group
3 one patient), according to the IIEF-5 questionnaire. Three patients reported not having
sexual intercourse.

3.1.3. Incidental Findings during the Physical Examination

On physical examination, six patients had a hydrocele, six a spermatocele, one relative
phimosis, and seven a varicocele (five subclinical, one Grade I, and one Grade II). Testicular
microlithiasis was seen in two cases.

3.1.4. Laboratory Parameters

Laboratory parameters are summarized in Table 2. LH was elevated in five cases (two
cases in Group 1 and Group 2, respectively, and one in Group 3). In all of these cases,
testosterone was normal. fT was slightly decreased in one of these cases (6.5 pg/mL; Group
2). All other patients had a normal fT. Two patients had decreased testosterone levels
(2.46 ng/mL in Group 1 and 1.56 ng/mL in Group 2) with normal LH and fT. FSH was
elevated in one case (13.9 mU/mL; Group 3). Elevated prolactin was seen in 23 cases (11 in
Group 1 and 12 in Group 2). Three patients had elevated TSH levels. In two cases the levels
were marginally elevated: one patient did not take any medication and one patient took
thyroid medication. One patient had leukocytosis with an incidental finding of chronic
lymphoid leukemia and was referred to the oncology department.
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Table 2. Clinical data and laboratory parameters.

Exploration

c(; '; :uif)l Detoer;gE rfnz =19) Orchl&cﬁglr:;)ys(n =4) Total (1 = 49)
Mean SD 2 Mean SD Mean SD Mean SD
Age at surgery (years) 21 7.42 18 4.24 155 8.54 19 6.46
Age at control (years) 28 6.54 27 5.28 325 6.66 28 5.98
Time from the onset of
symptoms 8 11.93 3 171 50 37.9 5 15.34
to surgery (hours)
o Follow-up (months) 83 66.25 106.5 66.6 137.5 98.83 101 69.08
é Height of patients (meter) 1.8 0.08 1.8 0.07 1.79 0.08 1.8 0.08
£ Weight of patients (kg) 75 165 79 20.15 82 18.12 775 17.92
g BMI® (kg/m2) 24.02 452 2341 6.36 25.64 8.65 23.42 5.64
s IIEF-5 © 25 3.95 24 1.58 25 3.46 245 3.17
Size of the affected 18 426 20 3.33 na. na. 20 3.91
esticle (mL)
Size ff the unaffected 20 451 20 4.09 16.5 35 20 429
esticle (mL)
Grade of torsion (°) 0 0 360 207.04 540 236.7 0 241.61
Fitness Scile"sirgg)l to5 (the 4 0.94 4 0.74 45 0.96 4 0.86
; FSH ¢ (mU/mL) 43 3.01 2.7 2.57 106 2.83 37 3.31
g LH ¢ (mU/mL) 47 2.07 42 213 7.6 212 48 217
% Testosterone (ng/mL) 5.29 1.45 4.47 1.82 3.89 0.56 5.08 1.6
§ Free testosterone (pg/mL) 14.85 4.57 14.95 4.07 11.21 3.01 14.68 4.4
E‘ Prolactin (LU/mL) 304 12573 331 13217 194 87.09 300 129.14
g SHBG f (nmol/L) 34 13.98 30.4 17.65 323 11.03 316 15.13
& Albumin (g/dL) 46 0.24 47 0.19 445 017 46 0.22
TSH & (mU/L) 1.88 2.68 2.02 0.82 215 0.85 1.88 2
Sperm concentration 52 4535 50.2 70.87 34 10.88 50.7 56.05
(million/mL)
Total sperm count (million)  158.88 238.47 235.44 296.71 159.35 15.48 1725 25545
Vitality (%) 68 10.12 65 1452 705 2.06 68 11.99
Progressive mofility 53 8.01 55 13.23 55 18.78 54.5 11.17
(a+b) (%)
Overall motility 65 7.62 62 11.57 66.5 13.67 645 9.88
- (at+b+c+) (%)
ﬁ Fast Progig;si/i:;e motility 19 12.24 19 13.88 2 18.57 19 13.29
: Slow progressive motility 35 12.65 31 10.99 265 12.07 315 11.92
c e . . . . . .
5 Nonprogressye motility 8 593 8 63 115 58 85 598
Immotility (d; %) 35 7.7 38 1157 335 13.67 355 9.92
Semen pH 75 023 75 0.2 7.65 0.35 75 0.23
Morphology (%) 11 6.85 12 4.83 12 49 11 5.94
R‘(’I‘I‘I?ﬁligfll}rfﬁm 1 4.02 24 15.01 0.7 0.43 18 10.04
Leukocytes (million) 0 0.36 0.2 0.94 0 0 0.05 0.66
Oxidative stress ! 047 0.78 0.55 3.26 1.16 0.68 0.55 2.07

(mV/10° mL)

a standard deviation; body mass index; ¢ International Index of Erectile Function; d follicle-stimulating hormone;
¢ luteinizing hormone; f sexual hormone binding globulin; & thyroid-stimulating hormone; ! according to WHO
2010; ' measured with the Male infertility Oxidative System (MyOxSIS).
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3.1.5. Semen Parameters

Semen analysis was feasible in 48 cases (Tables 2 and 3). One patient in Group 2 was
unable to give a sample. Based on sperm quality, patients were divided into the following
categories: normozoospermia with normal semen parameters, asthenozoospermia with
reduced motility (progressive motile sperm <32%), and oligozoospermia (<15 x 10°/mL
sperm count). Forty-two patients (87.6%) had normozoospermia, five (10.4%) oligozoosper-
mia, and one (2.1%) asthenozoospermia. Three patients (6.3%) with normozoospermia had
reduced vitality (one in Group 1 and two in Group 2); morphology was normal in all cases.
MAR positivity was seen in four cases, all in Group 1. Agglutinate was detected in 48% of
Group 1 (+8/25; ++4/16), 36.9% of Group 2 (+4/19; ++3/16), and 25% of Group 3 (+1/4).
Five patients in Group 1, three in Group 2, and one in Group 3 had elevated OS. OS could
not be evaluated in two cases (Group 2). The three groups did not differ significantly in
regard to spermiogram categories (p = 0.183; Kruskal-Wallis test).

Table 3. Semen analysis according to spermiogram categories.

Exploration Detorsion Orchiectomy Total
Group 1 Group 2 Group 3
N % n % n % n %
Normozoospermia 23 92 15 78.9 4 100 42 87.5
Oligozoospermia 1 4 4 21.1 0 0 5 10.4
Asthenozoospermia 1 4 0 0 0 0 1 21
Total 25 100 19 100 4 100 48 100

3.2. Comparison of Exploration, Detorsion, and Orchiectomy

Significant differences were seen between the three subgroups in the time from the
onset of symptoms to surgery (p < 0.001), FSH (p = 0.003), round cell count (p = 0.002), and
leukocytes in the spermiogram (p = 0.040) (Tables 4 and 5). The grade of torsion did not
differ significantly between Group 2 and Group 3 (p = 0.754). Patients with orchiectomy
had elevated FSH and lower testosterone and free-testosterone levels compared to patients
with preserved testes (Figure 1). OS did not differ significantly between the three groups
(p = 0.764 Kruskal-Wallis test; Figure 2). A decreased sperm count, with normal morphol-
ogy, was seen in Group 3 compared to Groups 1 and 2. However, vitality was improved in
the orchiectomy group (Table 2). No significant difference was observed between groups in
regard of erectile function (p = 0.563, Kruskal-Wallis test).

Table 4. Comparison of exploration, detorsion and orchiectomy I.

Investigated Parameter Test Overall p-Value
Time fromstll:reg :?;iltl :))lf1 rsgl)mptoms to KW <0.001
FSH 2 (mU/mL) KW 0.003
Round cell count (million/mL) KwW 0.002
Leukocytes (million) KW 0.040
Age at surgery (years) KW 0.167
Age at control (years) KW 0.704
Follow-up (months) KW 0.441

Height of the patient (m) KW 0.455
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Table 4. Cont.

Investigated Parameter Test Overall p-Value
Weight of the patient (kg) KwW 0.535
BMI® (kg/m?) KW 0.973
ITEF-5 © KW 0.985
Size of the unaffected testicle (mL) KW 0.318
Fitness scale from 1 to 5 (5 denotes the best) KW 0.691
LH 4 (mU/mL) KW 0.094
Testosterone (ng/mlL) KW 0.073
Free testosterone (pg/mL) KwW 0.123
Prolactin (uWU/mL) KW 0.092
SHBG € (nmol/L) KW 0.737
Albumin (g/dL) KW 0.084
TSH { (mU/L) KW 0.895
Sperm concentration (million/mL) KW 0.466
Total sperm count (million) KW 0.593
Vitality (%) KW 0.239
Progressive motility (a+b) (%) KW 0.885
Overall motility (a+b+c+) (%) KW 0.465
Fast progressive motility (a; %) KwW 0.798
Slow progressive motility (b; %) KW 0.391
Non-progressive motility (c; %) KW 0.559
Immotility (d; %) KW 0.455
Semen-pH KW 0.385
Morphology (%) KW 0.773
Oxidative stress 8 (mV/10° mL) KW 0.764
Spermiogram categories KW 0.183
Side of the affected testis Chi 0.356
Children fathered after testicular torsion Chi 0.453
Smoking (yes/no) Chi 0.126
Alcohol consumption (yes/no) Chi 0.604
Medication history (yes/no) Chi 0.399
Drug use (yes/no) Chi 0.464
Symptoms in the operated testis Chi 0.884
Sports activities (yes/no) Chi 0.026
Family history of testicular torsion Chi >0.999
Fitness status (yes or no) Chi 0.575
Activity at the onset of symptoms Chi 0.807

The Kruskal-Wallis (KW) test or the chi test was used for statistical analysis. ? follicle-stimulating hormone;
b body mass index; ¢ International Index of Erectile Function; d luteinizing hormone; ¢ sexual hormone binding
globulin; f thyroid-stimulating hormone; 8 measured with the Male infertility Oxidative System (MyOxSIS).
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Table 5. Comparison of exploration, detorsion and orchiectomy II by Nemenyi’s multiple comparisons.

Investigated Overall p-Value Exploration vs. Exploration vs. Detorsion
Parameter P Detorsion Orchiectomy vs.Orchiectomy
Time from the onset of <0.001 ** <0.001 ** 0.831 0.048 *
symptoms to surgery
FSH? (mU/mL) 0.003 ** 0.156 0.08 0.005 **
R‘(’;Ii‘ﬁligil}rfi’;‘t 0.002 ** 0.013 % 0.49 0.019 %
Leukocytes (million) 0.040 * 0.296 0.399 0.091

The Kruskal-Wallis test, followed by Nemenyi’s multiple comparisons, were used for statistical analysis.
*,** Means and standard deviations are listed in Table 1. ? follicle-stimulating hormone.

25
20
%
15
10 i i i
LH (mU/ml) FSH (mU/ml) Testosterone (ng/ml) free-Testosterone
(pg/ml)

M Exploration (n=25) ™ Detorsion (n=20) ® Orchidectomy (n=4) Total (n=49)

Figure 1. Laboratory parameters at control: LH, testosterone and free testosterone did not differ
significantly between groups, whereas FSH was significantly elevated in patients with orchiectomy
compared to those who underwent detorsion (* p = 0.005) but not exploration.

4.5

2.5

1.5

0

Exploratikn (n=25) Detorsiopn (n=17)  Orchiectomy (n=4) Total {(n=46)

Figure 2. Analysis of oxidative stress (OS) in relation to the surgery performed.
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The analysis of OS (mV /10° mL) was feasible in 46 cases. One patient could not give a
semen sample and the analysis of OS was not applicable in two cases (all three patients
in Group 2). There was no significant difference between the three groups (p = 0.764
Kruskal-Wallis).

Correlation Analysis

The results of the analysis are shown in Table 6; only the significant correlations
regarding the investigated parameters and OS, erectile function, and the size of the affected
testis are mentioned. Sperm morphology was negatively correlated with the time between
surgery and follow-up (—0.367; p = 0.010 — Spearman’s test). A multivariate analysis of
oxidative stress showed a significant correlation for oligozoospermia and normozoospermia
(p = 0.002; beta regression coefficient 4.335). Vitality revealed a non-significant negative
correlation with OS (—0.249; p = 0.096). A history of COVID-19 infection showed no
significant association with OS and no relevant association with any investigated parameter.

Table 6. Analysis of correlations between oxidative stress (OS), erectile function, size of the affected
testis, and the investigated parameter.

Eta-Coefficient

Correlations
Parameter Coefficient p n Test p 12

B Age at control (years) —0.315 0.033 46
8 Height of patient (m) 0.337 0.025 44
E Sperm concentration (million/mL) —0.573 <0.001 46
= Total sperm count (million) —0.402 0.006 46
7§ Spermiogram category 0.337 0.022 46
6 Medication history 0.32 0.039 42
° ﬂg Weight of the patient (kg) 0.364 0.015 44
E S BMI (kg/m?) 0.3 0.048 44
e Physical status 0.439 0.002 46
= Sports activities 0.301 0.042 46
© Size of the normal testicle (mL) 0.755 <0.001 44
0 © Sperm concentration (million/mL) 0.391 0.009 44
= Total sperm count (million) 0.416 0.005 44
T 5 Round cell count (million/mL) 0.391 0.009 44
N E Children after torsion 0.566 0.035 14
L Medication history —0.324 0.039 41

© Activity at the onset of symptoms - - - KW 0.047 0.267

BMI: body mass index; FSH: follicle-stimulating hormone; KW: Kruskal-Wallis. Only significant results are shown;
the detailed statistical data can be obtained from the authors on request. * Oxidative stress analysis was feasible

in 46 cases; P according to the IIEF-5 questionnaire.

4. Discussion

TT primarily affects young men who desire to father children [1,2]. Infertility concerns
are rising in this specific population. However, a previous study revealed TT as a potential
cause of infertility in only 0.5% of patients [23].

The time from the onset of symptoms to surgery, as well as the grade of torsion, are
major factors affecting testicular viability [24]. Assuming that surgery is performed 25
to 48 h after the onset of symptoms, only 24.4% of testes can be preserved, while the
number increases to 97.2% when surgery is performed within six hours of the onset of
symptoms [25]. Accordingly, we found a significantly longer interval from the onset of
symptoms to surgery between Group 2 and Group 3, as well as between Group 1 and
Group 2. Interestingly, there was no significant difference between Groups 1 and 3. This
may be due to an intermittent torsion. A significant negative correlation was noted between
the preservation of the testis and the time from the onset of symptoms to surgery. Yang
et al. [26] showed a mean grade of 360° of torsion in cases of detorsion, and 540° in patients
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treated with orchiectomy. We observed the same degrees of torsion in Groups 2 and 3.
Furthermore, we made a distinction between patients who only underwent exploration
and orchidopexy, and those who underwent detorsion of the testes. According to previous
data, up to 32.5% of patients with an acute scrotum had a spontaneous detorsion of the
testis during surgery [27]. A limitation of the present study is the small number of patients
investigated after orchiectomy (1 = 4). Furthermore, we assumed that patients treated with
exploration of the testis and orchidopexy had an intermittent torsion. The patient cohort
may have had other reasons for an acute scrotum, such as epididymitis. However, these
patients could serve as controls for comparison.

A possible genetic predisposition to TT has been reported in up to 10% of cases [28].
Of our patients, 8% had a positive family history of TT. The majority of our patients had
been asleep or in a state of rest at the onset of symptoms. A recurrent TT is a rare event [29].
We registered no recurrence in our population. Additionally, 27% of the patients reported
symptoms in the affected testis after surgery for TT, such as pain, hematospermia, increased
sensitivity, and a high-riding testicle.

Barsch et al. [5] analyzed endocrine and exocrine function of the testes in 30 patients
with a previous TT: one half of the patients with symptoms < four hours before surgery had
a normal spermiogram. Three patients with symptoms >24 h to surgery who underwent
orchiectomy had a normal spermiogram, while patients with symptoms >24 h to surgery
for preserving the testis presented with abnormal semen parameters. In the orchiectomy
group, we found normozoospermia in all cases but with lower total sperm counts and
sperm concentrations compared with detorsion or exploration of the testes. Four patients
in Group 2 and one in Group 1 had oligozoospermia.

Lower testicular volume is associated with decreased sperm parameters in patients [30,31].
Furthermore, infertile men have been revealed to have smaller testicular volume when
compared to fertile men [32]. In our population, we demonstrated a significant posi-
tive correlation between the size of the affected testis and sperm concentration and total
sperm count.

Diverse ASA data have been registered after TT [20]. Arap et al. [4] reported no
significant difference in ASA between orchiectomy (21%, p = 0.073) or orchidopexy (20%,
p = 0.17) compared to controls (14.5%). We noted MAR positivity in four cases; all patients
had only undergone exploration of the testes. According to experimental animal studies,
bilateral testicular damage and reduced fertility may occur after unilateral TT due to
damage to the BTB, occurring only if the previously torqued testicle is left in place [6].
In our population, patients with detorsion had significantly higher round cell counts on
their spermiogram compared to patients who had undergone exploration or orchiectomy.
Approximately 90% of the round cells are normally sperm precursors [33], so a torsion
of the testis might increase the slough off of sperm precursors. Thus, elevated round cell
counts could be an indirect sign of testicular injury in patients with the testis left in place.

Late hormonal function may be affected after TT. A study comprising 12 patients with
detorsion and orchidopexy and eight patients with orchiectomy revealed normal FSH, LH,
and testosterone levels for all patients. However, inhibin B levels were significantly reduced
in patients with torsion compared to controls [15]. Arap et al. [4] reported that patients with
orchiectomy had significantly higher FSH and LH levels than patients with orchidopexy.
Our study confirms these findings for FSH; LH was elevated after orchiectomy compared
to orchidopexy. However, the difference was not statistically significant. We found patients
with elevated LH in all three groups, but the majority of them had normal testosterone
levels. Only one patient had reduced fT and elevated LH levels. Two patients had reduced
testosterone, but normal LH and fT levels.

According to Zhan et al. [30], patients treated with orchiectomy had slightly, but not
significantly, lower pregnancy rates and a longer mean time to pregnancy compared to
patients treated with detorsion and orchidopexy (83.7%; 1.41 years +/— 0.71 vs. 91.3%;
0.74 +/— 0.11). Patients with TT in adulthood had lower pregnancy rates than those with
TT in childhood. Patients treated with orchiectomy in adulthood had a significantly longer
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time to pregnancy in comparison with adults treated with orchidopexy [34]. A study
investigating 63 patients with TT (41 orchidopexies and 22 orchiectomies) demonstrated no
difference in pregnancy rates, and a slightly longer time to pregnancy in the orchiectomy
group (90.2% vs. 90.9%; 6.6 +/— 5.50 vs. 7.2 +/— 5.4 months for orchidopexy vs. orchiec-
tomy) [19]. In early life, TT appears to exert no significant effect on pregnancy rates. In our
study, ten patients fathered a child after TT, and assisted reproduction was never needed.
One patient with normozoospermia after TT reported a spontaneous abortion.

OS is considered one of the major factors in male infertility [10-13], and is associated
with major semen parameters such as sperm concentration, total sperm count, and progres-
sive motility. Our study is the first to investigate OS after TT. In accordance with previous
findings [13,14], we noted a significant difference in OS between normozoospermia and
oligozoospermia in a multivariate analysis. Furthermore, we found a significant positive
correlation between OS and the patients” height (0.337; p = 0.025), spermiogram category
(0.337; p = 0.022), and medication history (0.32; p = 0.039), as well as a significant negative
correlation between OS and age at control (—0.315; p = 0.033), sperm concentration (—0.573;
p < 0.001), and total sperm count (—0.402; p = 0.006). We noticed a high variability in OS
within the groups, which can be explained due to the dependence of OS from various
clinical factors. Medication with antioxidants can improve semen quality through reducing
OS [35]. However, several medications have been reported to have a negative impact
on spermiogenesis, such as antidepressants, antibiotics, and antihypertensive agents [36].
Increased scrotal temperature due to fever or varicocele can cause a temporary decrease
in sperm quality, where OS may play a role [37]. Smoking also results in elevated OS and
decreased sperm count and morphology when compared with non-smokers [38]. Bacte-
riospermia, as a sign of infection, is accompanied by elevated OS and decreased fertility
even in normozoospermic patients [39]. We could identify the above mentioned correla-
tions with OS. However, due to the relatively low number of patients, the influence of other
factors on OS cannot be ruled out. We registered no significant difference in OS between
the three TT groups, possibly due to the small number of orchiectomy patients.

Despite the fact that TT is an absolute emergency in urological care and surgery is
the gold standard of therapy, counselling patients prior to surgery is of great importance.
However, due to the low incidence of TT as cause of infertility [4], the patients can also be
reassured about the negative effects of the disease and surgery on exocrine and endocrine
testicular function based on our data. In our study, no assisted reproduction was needed in
case of family planning, as mentioned above. The role of time from the onset of symptoms
to surgery, as well as the grade of torsion in testicular survivability, should be discussed
with the patients.

5. Conclusions

The interval from the onset of symptoms to surgery and the degree of torsion are major
factors influencing the viability of the testes. Erectile function, testosterone, and OS were
not significantly affected by TT in the long-term follow-up. Orchiectomy results in elevated
FSH and lower round cell counts compared to preservation of the testis. OS is significantly
associated with sperm concentration, total sperm count, spermiogram category, medication
history, age at follow-up, and the height of patients.
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ASA Anti-sperm antibodies

BMI Body mass index

BTB Blood-testis barrier

FSH Follicle-stimulating hormone

fT Free testosterone

IIEF-5 International Index of Erectile Function
LH Luteinizing hormone

MAR-test Mixed antigen reaction test
MyOxSIS  Male infertility Oxidative System

oS Oxidative stress

ROS Reactive oxygen species
SD Standard deviation

TT Testicular torsion

WHO World Health Organization

References

1. Williamson, R.C. Torsion of the testis and allied conditions. Br. ]. Surg. 1976, 63, 465-476. [CrossRef]

2. Yecies, T.; Bandari, J.; Schneck, F.; Cannon, G. Direction of Rotation in Testicular Torsion and Identification of Predictors of
Testicular Salvage. Urology 2018, 114, 163-166. [CrossRef] [PubMed]

3. Watkin, N.A ; Reiger, N.A.; Moisey, C.U. Is the conservative management of the acute scrotum justified on clinical grounds? Br. J.
Urol. 1996, 78, 623-627. [CrossRef] [PubMed]

4. Arap, M.A,; Vicentini, F.C.; Cocuzza, M.; Hallak, J.; Athayde, K.; Lucon, A.M.; Arap, S.; Srougi, M. Late hormonal levels, semen
parameters, and presence of antisperm antibodies in patients treated for testicular torsion. J. Androl. 2007, 28, 528-532. [CrossRef]
[PubMed]

5. Bartsch, G.; Frank, S.; Marberger, H.; Mikuz, G. Testicular torsion: Late results with special regard to fertility and endocrine
function. J. Urol. 1980, 124, 375-378. [CrossRef]

6. Cuckow, PM.; Frank, J.D. Torsion of the testis. BJU Int. 2000, 86, 349-353. [CrossRef]

7. Miller, S.R.; Cherrington, N.J. Transepithelial transport across the blood-testis barrier. Reproduction 2018, 156, R187-R194.
[CrossRef]

8.  Turner, T.T.; Brown, K.J. Spermatic cord torsion: Loss of spermatogenesis despite return of blood flow. Biol. Reprod. 1993, 49,
401-407. [CrossRef]

9.  Turner, T.T,; Bang, H.J.; Lysiak, J.L. The molecular pathology of experimental testicular torsion suggests adjunct therapy to
surgical repair. J. Urol. 2004, 172, 2574-2578. [CrossRef]

10. Agarwal, A; Saleh, R.A.; Bedaiwy, M. A. Role of reactive oxygen species in the pathophysiology of human reproduction. Fertil.
Steril. 2003, 79, 829-843. [CrossRef]

11.  Cocuzza, M.; Athayde, K.S.; Agarwal, A.; Pagani, R.; Sikka, S.C.; Lucon, A.M.; Srougi, M.; Hallak, J. Impact of clinical varicocele
and testis size on seminal reactive oxygen species levels in a fertile population: A prospective controlled study. Fertil. Steril. 2008,
90, 1103-1108. [CrossRef]

12. Ko, E.Y,; Sabanegh, E.S.; Agarwal, A. Male infertility testing: Reactive oxygen species and antioxidant capacity. Fertil. Steril. 2014,
102, 1518-1527. [CrossRef] [PubMed]

13. Kavoussi, PK,; Gilkey, M.S.; Machen, G.L.; Kavoussi, S.K.; Dorsey, C. Varicocele Repair Improves Static Oxidation Reduction
Potential as a Measure of Seminal Oxidative Stress Levels in Infertile Men: A Prospective Clinical Trial Using the MiOXSYS
System. Urology 2022, 165, 193-197. [CrossRef] [PubMed]

14. Pasqualotto, FF,; Sharma, R K.; Nelson, D.R.; Thomas, A.].; Agarwal, A. Relationship between oxidative stress, semen characteris-
tics, and clinical diagnosis in men undergoing infertility investigation. Fertil. Steril. 2000, 73, 459-464. [CrossRef]

15. Romeo, C.; Impellizzeri, P; Arrigo, T.; Antonuccio, P; Valenzise, M.; Mirabelli, S.; Borruto, EA ; Scalfari, G.; Arena, F; De Luca, E

Late hormonal function after testicular torsion. J. Pediatr. Surg 2010, 45, 411-413. [CrossRef]


http://doi.org/10.1002/bjs.1800630618
http://doi.org/10.1016/j.urology.2017.11.034
http://www.ncbi.nlm.nih.gov/pubmed/29203186
http://doi.org/10.1046/j.1464-410X.1996.16321.x
http://www.ncbi.nlm.nih.gov/pubmed/8944521
http://doi.org/10.2164/jandrol.106.002097
http://www.ncbi.nlm.nih.gov/pubmed/17287456
http://doi.org/10.1016/S0022-5347(17)55456-7
http://doi.org/10.1046/j.1464-410x.2000.00106.x
http://doi.org/10.1530/REP-18-0338
http://doi.org/10.1095/biolreprod49.2.401
http://doi.org/10.1097/01.ju.0000144203.30718.19
http://doi.org/10.1016/S0015-0282(02)04948-8
http://doi.org/10.1016/j.fertnstert.2007.07.1377
http://doi.org/10.1016/j.fertnstert.2014.10.020
http://www.ncbi.nlm.nih.gov/pubmed/25458618
http://doi.org/10.1016/j.urology.2022.04.007
http://www.ncbi.nlm.nih.gov/pubmed/35461918
http://doi.org/10.1016/S0015-0282(99)00567-1
http://doi.org/10.1016/j.jpedsurg.2009.10.086

J. Clin. Med. 2022, 11, 6507 13 0f 13

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Thomas, W.E.; Cooper, M.].; Crane, G.A.; Lee, G.; Williamson, R.C. Testicular exocrine malfunction after torsion. Lancet 1984, 2,
1357-1360. [CrossRef]

Goldwasser, B.; Weissenberg, R.; Lunenfeld, B.; Nativ, O.; Many, M. Semen quality and hormonal status of patients following
testicular torsion. Andrologia 1984, 16, 239-243. [CrossRef] [PubMed]

Anderson, M.].; Dunn, J.K; Lipshultz, L.I.; Coburn, M. Semen quality and endocrine parameters after acute testicular torsion.
J. Urol. 1992, 147, 1545-1550. [CrossRef]

Gielchinsky, I.; Suraqui, E.; Hidas, G.; Zuaiter, M.; Landau, E.H.; Simon, A.; Duvdevani, M.; Gofrit, O.N.; Pode, D.; Rosenberg, S.
Pregnancy Rates after Testicular Torsion. J. Urol. 2016, 196, 852—-855. [CrossRef]

Jacobsen, EM.; Rudlang, T.M.; Fode, M.; Ostergren, P.B.; Senksen, J.; Ohl, D.A; Jensen, C.ES.; Collaborative, C. The Impact of
Testicular Torsion on Testicular Function. World J. Mens Health 2020, 38, 298-307. [CrossRef]

Maikeld, E.P; Roine, R.P,; Taskinen, S. Paternity, erectile function, and health-related quality of life in patients operated for
pediatric testicular torsion. J. Pediatr. Urol. 2020, 16, 44.e41-44.e44. [CrossRef] [PubMed]

Agarwal, A.; Sharma, R.; Roychoudhury, S.; Du Plessis, S.; Sabanegh, E. MiOXSYS: A novel method of measuring oxidation
reduction potential in semen and seminal plasma. Fertil. Steril. 2016, 106, 566-573.e510. [CrossRef] [PubMed]

Sigman, M.].]. Male Infertility in Campbell Walsh Wein Handbook of Urology; Wein, J.A., Ed.; Elsevier: Amsterdam, The Netherlands,
2007; p. 57.

Howe, A.S.; Vasudevan, V.; Kongnyuy, M.; Rychik, K.; Thomas, L.A.; Matuskova, M.; Friedman, S.C.; Gitlin, J.S.; Reda, E.F;
Palmer, L.S. Degree of twisting and duration of symptoms are prognostic factors of testis salvage during episodes of testicular
torsion. Transl. Androl. Urol. 2017, 6, 1159-1166. [CrossRef] [PubMed]

Mellick, L.B.; Sinex, J.E.; Gibson, R.W.; Mears, K. A Systematic Review of Testicle Survival Time After a Torsion Event. Pediatr.
Emerg. Care 2019, 35, 821-825. [CrossRef]

Yang, C.; Song, B.; Tan, J.; Liu, X.; Wei, G.H. Testicular torsion in children: A 20-year retrospective study in a single institution.
ScientificWorldJournal 2011, 11, 362-368. [CrossRef]

Wilbert, D.M.; Schaerfe, C.W.; Stern, W.D.; Strohmaier, W.L.; Bichler, K.H. Evaluation of the acute scrotum by color-coded Doppler
ultrasonography. J. Urol. 1993, 149, 1475-1477. [CrossRef]

Shteynshlyuger, A.; Yu, J. Familial testicular torsion: A meta analysis suggests inheritance. J. Pediatr Urol. 2013, 9, 683-690.
[CrossRef]

Van Welie, M.; Qu, L.G.; Adam, A.; Lawrentschuk, N.; Laher, A.E. Recurrent testicular torsion post orchidopexy—An occult
emergency: A systematic review. ANZ J. Surg. 2022, 92, 2043-2052. [CrossRef]

Sigman, M.; Jarow, ].P. Ipsilateral testicular hypotrophy is associated with decreased sperm counts in infertile men with varicoceles.
J. Urol. 1997, 158, 605-607. [CrossRef]

Condorelli, R.; Calogero, A.E.; La Vignera, S. Relationship between Testicular Volume and Conventional or Nonconventional
Sperm Parameters. Int. J. Endocrinol. 2013, 2013, 145792. [CrossRef]

Corsini, C.; Boeri, L.; Candela, L.; Pozzi, E.; Belladelli, F.; Capogrosso, P.; Fallara, G.; Schifano, N.; Cignoli, D.; Ventimiglia, E.; et al.
Is There a Relevant Clinical Impact in Differentiating Idiopathic versus Unexplained Male Infertility? World ]. Mens Health 2022,
40, e63. [CrossRef] [PubMed]

Fedder, J. Nonsperm cells in human semen: With special reference to seminal leukocytes and their possible influence on fertility.
Arch Androl 1996, 36, 41-65. [CrossRef] [PubMed]

Zhang, X.; Zhang, J.; Cai, Z.; Wang, X.; Lu, W.; Li, H. Effect of unilateral testicular torsion at different ages on male fertility. J. Int.
Med. Res. 2020, 48, 300060520918792. [CrossRef]

Agarwal, A,; Leisegang, K.; Majzoub, A.; Henkel, R.; Finelli, R.; Panner Selvam, M.K.; Tadros, N.; Parekh, N.; Ko, E.Y.; Cho, C.L,;
et al. Utility of Antioxidants in the Treatment of Male Infertility: Clinical Guidelines Based on a Systematic Review and Analysis
of Evidence. World ]. Mens Health 2021, 39, 233-290. [CrossRef]

Jensen, N.B.; Justesen, S.D.; Larsen, A ; Ernst, E.; Pedersen, L.H. A systematic overview of the spermatotoxic and genotoxic effects
of methotrexate, ganciclovir and mycophenolate mofetil. Acta Obstet. Gynecol. Scand. 2021, 100, 1557-1580. [CrossRef]

Rao, M.; Zhao, X.L.; Yang, ].; Hu, S.F; Lei, H.; Xia, W.; Zhu, C.H. Effect of transient scrotal hyperthermia on sperm parameters,
seminal plasma biochemical markers, and oxidative stress in men. Asian J. Androl. 2015, 17, 668—-675. [CrossRef]

Rehman, R.; Zahid, N.; Amjad, S.; Baig, M.; Gazzaz, Z.]. Relationship Between Smoking Habit and Sperm Parameters Among
Patients Attending an Infertility Clinic. Front. Physiol. 2019, 10, 1356. [CrossRef] [PubMed]

Tvrda, E.; Lovisek, D.; Galova, E.; Schwarzova, M.; Kovacikova, E.; Kunova, S.; Ziarovska, J.; Kacaniova, M. Possible Implications
of Bacteriospermia on the Sperm Quality, Oxidative Characteristics, and Seminal Cytokine Network in Normozoospermic Men.
Int. ]. Mol. Sci. 2022, 23, 8678. [CrossRef]


http://doi.org/10.1016/S0140-6736(84)92056-7
http://doi.org/10.1111/j.1439-0272.1984.tb00273.x
http://www.ncbi.nlm.nih.gov/pubmed/6431848
http://doi.org/10.1016/S0022-5347(17)37622-X
http://doi.org/10.1016/j.juro.2016.04.066
http://doi.org/10.5534/wjmh.190037
http://doi.org/10.1016/j.jpurol.2019.10.008
http://www.ncbi.nlm.nih.gov/pubmed/31734118
http://doi.org/10.1016/j.fertnstert.2016.05.013
http://www.ncbi.nlm.nih.gov/pubmed/27260688
http://doi.org/10.21037/tau.2017.09.10
http://www.ncbi.nlm.nih.gov/pubmed/29354505
http://doi.org/10.1097/PEC.0000000000001287
http://doi.org/10.1100/tsw.2011.39
http://doi.org/10.1016/S0022-5347(17)36420-0
http://doi.org/10.1016/j.jpurol.2012.08.002
http://doi.org/10.1111/ans.17592
http://doi.org/10.1016/S0022-5347(01)64567-1
http://doi.org/10.1155/2013/145792
http://doi.org/10.5534/wjmh.220069
http://www.ncbi.nlm.nih.gov/pubmed/36102103
http://doi.org/10.3109/01485019608987883
http://www.ncbi.nlm.nih.gov/pubmed/8824667
http://doi.org/10.1177/0300060520918792
http://doi.org/10.5534/wjmh.200196
http://doi.org/10.1111/aogs.14151
http://doi.org/10.4103/1008-682X.146967
http://doi.org/10.3389/fphys.2019.01356
http://www.ncbi.nlm.nih.gov/pubmed/31736779
http://doi.org/10.3390/ijms23158678

	Introduction 
	Methods 
	Ethics Approval 
	Statistics 
	Comparisons of Two Subgroups 
	Comparisons of More Than Two Subgroups 


	Results 
	Demographic Data—Descriptive Statistics 
	Family Planning 
	Erectile Function 
	Incidental Findings during the Physical Examination 
	Laboratory Parameters 
	Semen Parameters 

	Comparison of Exploration, Detorsion, and Orchiectomy 

	Discussion 
	Conclusions 
	References

