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Background: Acute scrotal pain (ASP) is the most common urological emergency in pediatrics, and its
causes include testicular torsion (T'T), testicular appendage torsion, and epididymo-orchitis. Among them,
TT requires prompt and accurate diagnosis and urgent surgical exploration to prevent testicular loss.
Conservative anti-infective treatment is recommended for epididymo-orchitis, and surgery is considered
only when scrotal abscess formation and sepsis occur. Improving the understanding of T'T in primary care
doctors, early diagnosis, and timely surgical exploration are essential to improve the survival rate of TT and
avoid excessive treatment. This study aimed to explore the risk factors for TT in children with ASP and
construct a predictive model.

Methods: Clinical data of children who presented with ASP and underwent emergency scrotal exploration
surgery were retrospectively analyzed, including general information, physical examination, laboratory tests,
and color Doppler ultrasonography (CDU) findings. Based on surgical exploration, the outcomes were
categorized as confirmed TT or not.

Results: A total of 283 children were included in this study, among whom 134 had TT. The mean age of all
patients was 105+47.9 months, with the majority being of Han ethnicity (87.6%) and residing in urban areas
(83%). Most patients had normal C-reactive protein levels and negative results in urine routine white blood
cell tests (63.3%). After conducting univariate and multivariate logistic regression analyses, we identified
laterality, neutrophil count, mean erythrocyte sedimentation rate, epididymal blood flow signal, testicular
parenchymal echogenicity, and testicular blood flow signal as independent risk factors influencing the
occurrence of T'T in ASP patients.

Conclusions: This study is the report with the largest sample size on the construction of prediction models
for ASP in children in southwestern China. The predictive model we developed demonstrated excellent
performance and higher accuracy in predicting TT in children compared to the traditional Testicular
Workup for Ischemia and Suspected Torsion (TWIST) score. It can assist pediatric surgeons in diagnosing
and treating children with ASP.

© Translational Andrology and Urology. All rights reserved. Transl Androl Urol 2024;13(5):776-791 | https://dx.doi.org/10.21037/tau-23-634


mailto:ynll2012@163.com
mailto:ybwcy@163.com.
https://crossmark.crossref.org/dialog/?doi=10.21037/tau-23-634

Translational Andrology and Urology, Vol 13, No 5 May 2024

777

Keywords: Nomogram,; testicular torsion (T'T); children; acute scrotal pain (ASP); western China

Submitted Dec 07, 2023. Accepted for publication Mar 10, 2024. Published online May 17, 2024.

doi: 10.21037/tau-23-634

View this article at: https://dx.doi.org/10.21037/tau-23-634

Introduction
Background

Acute scrotal pain (ASP) refers to testicular pain with
or without swelling and is the most common urological
emergency in pediatric patients (1). The etiology of ASP
varies in different reports, mainly including testicular
torsion (TT), torsion of the testicular appendage, and
epididymal-orchitis (2). In a study of 238 children with
ASP, the incidence rates of T'T, torsion of the testicular
appendage, and epididymitis were 16%, 46%, and 35%,
respectively (3). TT, also known as spermatic cord
torsion, refers to the vascular compromise of the testicle,
epididymis, and other structures due to torsion, resulting in
sudden scrotal pain as the main symptom. It requires timely
and accurate diagnosis as emergency surgical exploration
is the only way to prevent testicular loss (4). However,

conservative antimicrobial therapy is the recommended

Highlight box

Key findings

* In this study, a nomogram for predicting testicular torsion (T'T)
was constructed using multivariate logistic regression analysis,
and its accuracy and reliability were evaluated using a validation
set. The results show that the established prediction model can
effectively assist pediatric surgeons in diagnosis and treatment.

What is known and what is new?

* Acute scrotal pain (ASP) is the most common emergency in
pediatric urology. At present, there are a number of clinical studies
on the occurrence of TT in children with ASP. However, there are
limitations such as low accuracy and incomplete inclusion factors.

* This study is the first to combine the clinical information, physical
examination, laboratory examination and imaging findings of
patients to construct a prediction model. It is the largest study of
TT in children in the southwest.

What is the implication, and what should change now?

e It is time to change the approach to diagnosis and treatment of
ASP in children by adopting the nomogram predictive model for
risk assessment and considering the risk of surgical exploration and
the risk of potential testicular atrophy.
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treatment for epididymal orchitis, and surgery is only
considered when scrotal abscess formation and septicemia
occur (5). Similarly, once torsion of the testicular appendage
is confirmed, it can be managed with conservative anti-
infection administration and sufficient analgesics without
surgical intervention (6). The disease can heal itself or
causes only mild epididymitis with no obvious adverse
consequences during conservative treatment because it is
self-limiting and testicular appendage has no physiological
function. When it causes epididymitis, anti-infective
treatment is needed at the same time. Therefore, improving
the recognition of T'T by primary care physicians, early
diagnosis, and timely surgical exploration are crucial for
improving testicular survival rates.

Studies have shown that surgical exploration is one of
the significant risk factors affecting testicular function (7).
Therefore, surgical exploration is not recommended if T'T is
not present due to the potential risk of testicular atrophy (8).
Moreover, surgery significantly increases the incidence of
scrotal infection and hematoma (1).

The diagnosis of TT requires a comprehensive
assessment based on the patient’s medical history, physical
examination, and color Doppler ultrasonography (CDU)
findings. However, TT still has a high misdiagnosis rate.
After being misdiagnosed as orchitis or testicular appendage
torsion, conservative observation is used, which delays
the timing of surgery and leads to a high rate of testicular
loss. A recent analysis of 301 T'T patients from a medical
center in China found that only a quarter of patients were
accurately diagnosed and received timely treatment at the
initial visit (9). TT is often misdiagnosed as epididymal-
orchitis or torsion of the testicular appendage, mainly due
to an inadequate understanding of the disease, overreliance
on a single ultrasound result, and insufficient history inquiry
and detailed physical examination (10).

A nomogram is constructed based on multivariable
regression analysis. It integrates multiple predictive
indicators through regression analysis and uses scaled
lines to express the relationships among variables in
the predictive model. It has been widely used in clinical
outcome prediction for various malignant solid tumors and
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has shown good predictive performance (11-13). However,
there is limited research on predictive models for T'T.
Takeshita et /. developed a nomogram to predict T'T in
Japanese patients with ASP based on physical examination
and environmental factors (14). Still, they overlooked the
role of important ancillary tests such as CDU in diagnosing
TT. Chen and other researchers conducted a retrospective
analysis of T'T patients over 12 years in a single center,
constructing a predictive model based on hematological
indicators such as white blood cells, lymphocytes, and
monocytes (15). However, this predictive model focused
solely on hematological indicators, which may introduce
certain biases in the results. Therefore, it is crucial to
establish and construct a highly accurate nomogram in
identifying T'T and predicting the probability of TT in
children with ASP.

This study included pediatric patients who visited
Kunming Children’s Hospital between 2014 and 2022 and
underwent surgical exploration for ASP. Collecting data
on patient’s physical examinations, general conditions,
laboratory tests, and imaging results, we conducted a
comprehensive analysis with a large sample size and multiple
factors. We constructed a nomogram and performed
external validation to provide reference and guidance
for clinical decision-making by healthcare professionals.
This manuscript is written following TRIPOD reporting
checklist (available at https://tau.amegroups.com/article/
view/10.21037/tau-23-634/rc).

Methods
Patient collection and screening

We collected data from all pediatric patients who underwent
ASP management at our hospital between 2014 and 2022.
This is a retrospective case study. This study was approved
by the Ethics Committee of Kunming Children’s Hospital
(No. 2023-03-101-K01). Our study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). Furthermore, this study is retrospective and did not
use identifiable information from the patients. Therefore,
informed consent from the parents/guardians of children
was not required.

All pediatric patients who underwent surgical exploration
for ASP were included in this study. Inclusion criteria were:
(I) age <18 years; (II) diagnosis between 2014 and 2022;
(IIT) admission diagnosis of ASP. Exclusion criteria were: (I)
age less than 6 months; (II) patients who did not undergo
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surgery. Cases with missing data were eliminated. The flow
chart of this study is shown in Figure 1.

Definition of variables

The variables included in this study comprised general
patient characteristics (age, ethnicity, place of residence,
laterality, triggering factors, presence of nausea/vomiting,
duration of symptoms), physical examination findings
(thickening of the spermatic cord, presence of cremasteric
reflex, high-positioned testis, testicular swelling, hardening
of the testis, tenderness on elevation), laboratory test
results (blood routine parameters including neutrophils,
lymphocytes, neutrophil-lymphocyte ratio (NLR), platelets,
platelet-lymphocyte ratio (PLR), monocytes, eosinophils,
monocyte-eosinophil ratio (MER), mean platelet volume
(MPV), basophils, C-reactive protein; routine urine
parameters including leukocytes, red blood cells), and CDU
findings (epididymal size, echogenicity, and blood tlow
signals, testicular parenchymal echo texture, testicular blood
flow signals, scrotal wall edema, testicular microlithiasis).
The outcomes for the children were categorized as surgical
confirmation of T'T or no torsion of the testis.

Development and validation of the nomogram

All patients were divided into training and validation sets in
a 7:3 ratio. In the training set, we first analyzed univariate
logistic regression to identify factors associated with T'T. It
was determined that there were no differences in settings,
eligibility criteria, outcomes, and predictors between the
training and validation sets. Factors with a P value less
than 0.05 were then included in the multivariate logistic
regression analysis to obtain independent risk factors for
TT in pediatric patients with ASP. Based on these risk
factors, we used R software and the logistic regression
function to construct a predictive model for TT in ASP
patients. Subsequently, we validated the accuracy and
reliability of the nomogram using calibration curves, the
concordance index, and the area under the curve (AUC).
Additionally, we compared the clinical performance of the
nomogram with the Testicular Workup for Ischemia and
Suspected Torsion (TWIST) score using the AUC and
C-index.

Statistical analysis

Categorical variables were described using frequencies, and
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Children presenting to our center with
ASP from 2014 to 2022
(n=341)

Exclusion:
* Age <6 months (n=29)

Y

* No surgery (n=28)
* Age >18 years (n=1)

Identified patients for
analysis (n=283)

Y

\

Training set (n=194) Validation set (n=89)

Y

Univariate/multivariate
logistic regression

Y

Building a noval

nomogram
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v Comparison with
TWIST score
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Clinical
Application

Figure 1 Flowchart for inclusion and exclusion of patients with ASP. The included cases were divided into a training set and a validation set.

The training set was used to construct the nomogram, the AUC and calibration curve was used to evaluate the accuracy of the model. The
validation set was used for validation. The results were compared with TWIST score, the previous gold standard for TT. ASP, acute scrotal

pain; AUC, area under the curve; TWIST, Testicular Workup for Ischemia and Suspected Torsion; T'T, testicular torsion.

group differences were assessed using Chi-squared tests.
The continuous variables were tested for normal distribution.
The measurement data conforming to normal distribution
were expressed as mean = standard deviation (s.d.), and the
t-test was used for comparison between groups. Non-
parametric U tests were used for those that did not satisfy
a normal distribution. Univariate and multivariate logistic
regression analyses were performed to identify factors
associated with T'T" in pediatric patients. All analyses were
conducted using SPSS, version 26.0 (IBM Corp., Armonk,
NY, USA) and R statistical software (version 4.1.0; R
Foundation for Statistical Computing, Vienna, Austria).
P<0.05 were considered statistically significant.

Results
General patient characteristics

A total of 283 patients were included in this study, of which

134 patients experienced T'T. The mean age of all patients
was 105+£47.9 months, and most were of Han ethnicity
(87.6%) and resided in urban areas (83%). Most patients
had C-reactive protein levels between 1-10 pg/mL, and
most had negative leukocyte findings in routine urine tests
(63.3%). The variables of all patients are presented in
Table 1, with no significant differences observed between the
training and validation sets.

Univariate and multivariate logistic regression analysis

We first conducted a univariate logistic regression analysis,
which revealed that laterality, neutrophils, NLR, PLR,
monocytes, eosinophils, MER, basophils, epididymal
enlargement, epididymal parenchymal echo texture,
epididymal blood flow, testicular parenchymal echo texture,
testicular blood flow signals, thickening of the spermatic
cord, tenderness on elevation, presence of cremasteric
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Table 1 Clinicopathological characteristics of patients

Factors All (N=283) Training cohort (N=194)  Validation cohort (N=89) P
Location >0.99
Urban 235 (83.0) 161 (83.0) 74 (83.1)
Rural 48 (17.0) 33(17.0) 15 (16.9)
Race 0.84
Han nationality 248 (87.6) 169 (87.1) 79 (88.8)
Ethnic minorities 35 (12.4) 25 (12.9) 10 (11.2)
Age (months) 105 (47.9) 109 (48.3) 96.6 (46.2) 0.047
Laterality 0.50
Left 165 (58.3) 110 (56.7) 55 (61.8)
Right 118 (41.7) 84 (43.3) 34 (38.2)
Precipitating factor 0.40
Conscious and no obvious trigger 213 (75.3) 143 (73.7) 70 (78.7)
Sleep 54 (19.1) 41 (21.1) 13 (14.6)
After trauma or exercise 16 (5.6) 10 (5.2) 6 (6.7)
Neutrophils (10%/L) 5.67 (2.82) 5.78 (3.05) 5.43 (2.24) 0.28
Lymphocytes (10%L) 2.98 (1.68) 2.99 (1.72) 2.94 (1.60) 0.80
NLR 2.70 (2.66) 2.85 (2.96) 2.37 (1.81) 0.10
Platelet (10%/L) 319 (86.8) 319 (80.8) 319 (99.3) 0.99
PLR 134 (76.3) 136 (81.2) 129 (64.6) 0.41
Monocytes (10%L) 0.51 (0.28) 0.51(0.27) 0.51(0.29) 0.96
Eosinophils (10%/L) 0.14 (0.15) 0.13(0.13) 0.16 (0.17) 0.12
MER 16.0 (27.0) 17.3 (28.5) 13.0 (23.3) 0.18
MPV (fL) 9.64 (0.94) 9.57 (0.88) 9.80 (1.04) 0.07
Basophils (10%L) 0.02 (0.02) 0.02 (0.02) 0.02 (0.02) 0.78
C reactive protein (mg/L) 0.51
<10 273 (96.5) 188 (96.9) 85 (95.5)
>10 10 (3.95) 6 (3.1) 4 (4.5)
Urine routine white blood cells 0.26
Positive 32 (11.3) 26 (13.4) 6 (6.7)
Negative 179 (63.3) 120 (61.9) 59 (66.3)
Unknown 72 (25.4) 48 (24.7) 24 (27.0)
Urinalysis red blood cells 0.65
Positive 22 (7.77) 17 (8.76) 5 (5.62)
Negative 188 (66.4) 128 (66.0) 60 (67.4)
Unknown 73 (25.8) 49 (25.3) 24 (27.0)

Table 1 (continued)
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Table 1 (continued)

Factors All (N=283) Training cohort (N=194)  Validation cohort (N=89) P
Epididymal size 0.85
Enlargement 160 (56.5) 108 (55.7) 52 (58.4)
Normal 70 (24.7) 48 (24.7) 22 (24.7)
Unclear results 53 (18.7) 38 (19.6) 15 (16.9)
Echogenicity of epididymal parenchyma 0.60
Heterogeneous 125 (44.2) 82 (42.3) 43 (48.3)
Uniform 103 (36.4) 72 (37.1) 31 (34.8)
Unclear results 55 (19.4) 40 (20.6) 15 (16.9)
Epididymal blood flow 0.77
Abundant 66 (23.3) 45 (23.2) 21 (23.6)
Normal 104 (36.7) 69 (35.6) 35 (39.3)
Absent or loss 55 (19.4) 37 (19.1) 18 (20.2)
Disappear or not clear 58 (20.5) 43 (22.2) 15 (16.9)
Testicular parenchymal echo 0.15
Heterogeneous 123 (43.5) 86 (44.3) 37 (41.6)
Uniform 153 (54.1) 101 (562.1) 52 (58.4)
Unclear results 7(2.47) 7 (3.61) 0
Testicular blood flow 0.23
Abundant 24 (8.48) 17 (8.76) 7 (7.87)
Normal 145 (51.2) 94 (48.5) 51 (57.3)
Absent or loss 107 (37.8) 76 (39.2) 31 (34.8)
Disappear or not clear 7(2.47) 7 (3.61) 0
Scrotal edema 0.91
Yes 60 (21.2) 42 (21.6) 18 (20.2)
No/unknown 223 (78.8) 152 (78.4) 71 (79.8)
Spermatic cord 0.54
Torsion or enlarged 25 (8.83) 19 (9.79) 6 (6.7)
Normal 258 (91.2) 175 (90.2) 83 (93.3)
Testicular microlithiasis 0.45
Yes 19 (6.71) 15 (7.73) 4 (4.5)
No 264 (93.3) 179 (92.3) 85 (95.5)
Lifting pain 0.33
Yes 35 (12.4) 21(10.8) 14 (15.7)
No/unknown 248 (87.6) 173 (89.2) 75 (84.3)

Table 1 (continued)
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Table 1 (continued)

Factors All (N=283) Training cohort (N=194)  Validation cohort (N=89) P

Cremasteric reflex 0.92
Disappear 37 (13.1) 26 (13.4) 11 (12.4)
Exist 29 (10.2) 19 (9.79) 10 (11.2)
Unclear 217 (76.7) 149 (76.8) 68 (76.4)

Testicular sclerosis 0.76
Yes 123 (43.5) 86 (44.3) 37 (41.6)
No 160 (56.5) 108 (55.7) 52 (58.4)

Testicular swelling 0.50
Yes 105 (37.1) 75 (38.7) 30 (33.7)
No 178 (62.9) 119 (61.3) 59 (66.3)

High testicular position 0.55
Yes 20 (7.07) 12 (6.19) 8 (8.99)
No 263 (92.9) 182 (93.8) 81 (91.0)

Nausea vomiting >0.99
Yes 18 (6.36) 12 (6.19) 6 (6.74)
No 265 (93.6) 182 (93.8) 83 (93.3)

Duration of symptoms (hours) 49.8 (55.4) 47.9 (51.4) 54.1 (63.4) 0.42

Data are presented as n (%) and means (standard deviations). NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; MER,

monocyte-eosinophil ratio; MPV, mean platelet volume.

reflex, testicular microlithiasis, testicular swelling, and high-
positioned testis were factors affecting the occurrence of
TT in patients with ASP. Subsequently, these risk factors
were included in the multivariate logistic regression
analysis, which revealed that laterality, neutrophils, MER,
epididymal blood flow signals, testicular parenchymal echo
texture, and testicular blood flow signals were independent
risk factors influencing the occurrence of TT in pediatric
patients with ASP (7able 2).

Development of the nomogram for predicting TT

Based on the independent risk factors selected through
multivariate logistic regression analysis, we developed a
nomogram to predict the probability of TT in pediatric
patients with ASP. We found that side, neutrophil count,
MER, epididymal blood flow signal on ultrasound, testicular
parenchyma echo, and testicular blood flow signal were
independent risk factors for predicting T'T in children with
scrotal emergency, and were included in the construction of

© Translational Andrology and Urology. All rights reserved.

the final prediction model. As shown in Figure 2, patients
with left-sided occurrence had a higher probability of TT,
and those with weakened or absent epididymal blood flow
signals, uneven testicular parenchymal echo texture, and
weakened or absent testicular blood flow signals had a

higher risk of T'T.

Validation of the nomogram

We employed a series of validation methods to assess the
accuracy and discriminative ability of the nomogram.
The concordance index (C-index) results showed that
the nomogram had a C-index of 0.981 [95% confidence
interval (CI): 0.965-0.996] in the training set and 0.985
(95% CI: 0.962-0.997) in the validation set, indicating good
discriminative ability. The AUC values for the training and
validation sets also demonstrated the strong discriminative
power of the nomogram (Figure 3). Furthermore,
calibration curves were used to assess the accuracy of the
model, and the results showed a high level of consistency
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Table 2 Univariate and multivariate analyses in training cohort

783

Univariate Multivariate
Factors
HR 95% ClI P HR 95% ClI P

Location

Urban Reference

Rural 2.010 0.930-4.350 0.08 - - -
Race

Han nationality Reference

Ethnic minorities 1.350 0.580-3.140 0.49 - - -
Age 1.010 1.000-1.010 0.09 - - -
Laterality

Left Reference

Right 0.370 0.210-0.670 0.001 23.061 4.184-127.115 0.001
Precipitating factor

Conscious and no obvious trigger Reference

Sleep 0.690 0.340-1.390 0.30 - - -

After trauma or exercise 0.220 0.050-1.070 0.06 - - -
Neutrophils 1.550 1.330-1.800 0.001 0.702 0.558-0.882 0.002
Lymphocytes 0.860 0.720-1.020 0.08 - - -
NLR 1.780 1.410-2.250 0.001 - - -
Platelet 1.000 1.000-1.000 0.76 - - -
PLR 1.010 1.000-1.020 0.001 - - -
Monocytes 6.360 1.960-20.630 0.001 - - -
Eosinophils 0.020 0-0.260 0.001 - - -
MER 1.050 1.020-1.080 0.001 0.976 0.947-1.005 0.01
MPV 0.990 0.720-1.360 0.93 - - -
Basophils 0 0-0.250 0.03 - - -
C reactive protein, mg/L

<10 Reference

>10 17,042,592.860 0-Inf 0.99 - - -
Urine routine white blood cells

Positive Reference

Negative 0.780 0.330-1.810 0.56 - - -

Unknown 0.930 0.360-2.430 0.88 - - -

Table 2 (continued)
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Table 2 (continued)

Univariate Multivariate
Factors
HR 95% Cl P HR 95% Cl P

Urinalysis red blood cells

Positive Reference

Negative 0.810 0.290-2.230 0.68 - - -

Unknown 1.000 0.330-3.030 0.99 - - -
Epididymal size

Enlargement Reference

Normal 0.710 0.350-1.440 0.34 - - -

Unclear results 6.920 2.670-17.920 0.001 - - -
Echogenicity of epididymal parenchyma

Heterogeneous Reference

Uniform 0.530 0.270-1.010 0.050 - - -

Unclear results 4.200 1.730-10.200 0.001 - - -
Epididymal blood flow

Abundant Reference

Normal 0.890 0.360-2.230 0.80 0.395 0.080-1.950 0.25

Absent or loss 126.000 15.310-1,036.840 0.001 23.500 2.100-265.500 0.003

Disappear or not clear 18.000 6.160-52.590 0.001 4.010 1.050-44.100 0.001
Testicular parenchymal echo

Uniform Reference

Heterogeneous 0.06 0.030-0.120 0.001 9.166 2.681-31.339 0.001

Unclear results 1.370 0.150-12.200 0.78 4.412 0.120-162.295 0.42
Testicular blood flow

Abundant Reference

Normal 1.420 0.290-6.880 0.66 0.055 0.006-0.53 0.01

Absent or loss 182.500 28.003-1,188.040 0.001 2.154 0.255-18.183 0.48

Disappear or not clear 45.000 3.410-594.140 0.001 1.254 1.102-2.785 0.004
Scrotal edema

Yes Reference

No/unknown 1.100 0.560-2.180 0.78 - - -
Spermatic cord

Torsion or enlarged Reference

Normal 0.160 0.040-0.560 0.001 - - -

Table 2 (continued)
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Table 2 (continued)

785

Univariate Multivariate
Factors
HR 95% Cl P HR 95% Cl P

Testicular microlithiasis

Yes Reference

No 2.070 0.680-6.290 0.20 - - -
Lifting pain

Yes Reference

No/unknown 3.550 1.250-10.120 0.02 - - -
Cremasteric reflex

Disappear Reference

Exist 0.010 0-0.100 0.001 - - -

Unclear 0.170 0.060-0.530 0.001 - - -
Testicular sclerosis

Yes Reference

No 0.070 0.040-0.150 0.001 - - -
Testicular swelling

Yes Reference

No 0.140 0.070-0.270 0.001 - - -
High testicular position

Yes Reference

No 0.180 0.040-0.840 0.03 - - -
Nausea vomiting

Yes Reference

No 0 0-Inf 0.99 - - -

HR, hazard ratio; ClI, confidence interval; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; MER, monocyte-eosinophil

ratio; MPV, mean platelet volume; Inf, infinity.

between the predicted and actual values in both the training
and validation sets, confirming the model’s accuracy
(Figure 4). We also plotted the AUC curves for the five
factors related to the TWIST score (Figure S1). The
C-index of the TWIST score was 0.878 (95% CI: 0.837—
0.920) in the training set and 0.855 (95% CI: 0.802-0.908)
in the validation set.

Strengths, Weaknesses, Opportunities and Threats (SWOT)

analysis

The establishment of predictive models is of great strategic

© Translational Andrology and Urology. All rights reserved.

significance in the selection of treatment options for
children with acute scrotum. Through SWO'T analysis, we
will evaluate the strengths, weaknesses, opportunities, and
threats of the program.

Strengths: (I) technical expertise—the team has leading
data analysis technology, which provides a solid foundation
for the accuracy of the prediction model. (II) Innovation
ability—continue to pay attention to the trends of medical
research to ensure that the prediction model always stays in
the leading position. (IIT) Industry experience—the team has
rich experience in the medical industry, and can accurately
grasp the market demand and competition situation.
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Figure 4 Calibration curve of the nomogram for predicting TT in ASP patients. (A) Calibration curve of the nomogram for predicting TT

in the training set. (B) Calibration curve of the nomogram for predicting T'T in the validation set. The horizontal axis is the predicted value

in the nomogram, and the vertical axis is the observed value. T'T] testicular torsion; ASP, acute scrotal pain.

Weaknesses: (I) data resource limitation—Ilimited data
sources may limit the training and prediction effect of
the model. (II) High cost—data collection and processing
require a large amount of resources. (III) Market
awareness—the market awareness of the new model needs
to be improved, and the marketing efforts need to be
intensified.

Opportunities: (I) market demand growth—the
public’s attention to children’s health issues has increased,
and the market demand shows an increasing trend. (II)
Technological progress—technological development
provides possibilities for the improvement of model
accuracy. (III) Policy support—may obtain policy support
from the government or relevant institutions to promote
the development of the project.

Threats: (I) competitors—other medical institutions
may develop similar predictive models and become strong
competitors. (II) Regulatory risk—regulatory changes
may affect project implementation and promotion. (III)
Technical risk—the emergence of new technologies may
bring uncertainty, which may affect the stability and
reliability of the model.

Discussion

Men of all ages may develop T'T, but it is most common
in children. The incidence of T'T in men under 25 years
old is about 174,000, and the incidence of left side is higher
than that of right side (16). Long or absent gubernaculum

© Translational Andrology and Urology. All rights reserved.

testis, high connection point between parietal layer of
tunica vaginalis of testis and spermatic cord, resulting in
“pendulum-like malformation”, cryptorchidism and other
congenital dysplasia or malformations are risk factors
for TT (17). Exercise and trauma may cause testicular
compression or collision, excessive activity of the cremaster
muscle induces torsion, vagus nerve excitation during sleep,
and contraction or spasm of the cremaster muscle may
induce TT (18).

This study retrospectively analyzed 283 cases of ASP in
pediatric patients who underwent emergency exploratory
surgery at our medical center. A nomogram was constructed
to predict the probability of TT in ASP patients. It was
found that left-sided occurrence decreased neutrophil
count, decreased ratio of monocytes to eosinophils,
heterogeneous testicular parenchymal echoes indicated
by preoperative color flow Doppler (CFD) ultrasound
examination, and weakened or absent blood flow signals in
the testicles and epididymis were independent risk factors
for predicting TT in ASP patients. Based on these factors,
a nomogram was developed and validated using an internal
and external validation set, confirming the model’s good
predictive performance.

Laterality has been considered important in predicting
T'T. Rub et al., through a study on the relationship between
seasonal variation and T'T, found that the occurrence of TT
is closely associated with lower environmental temperatures
(<15 °C), and left-sided torsion is more predominant in both
children and adolescents (19). Marulaiah et 4/, through a
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12-year retrospective analysis at a single center, found that
TT and testicular atrophy resulting from TT occurred
more frequently on the left side (20). Similarly, Tanaka
et al., by collecting clinical information from 165 pediatric
ASP patients at a single center, identified left-sided laterality
as an independent risk factor for T'T in ASP patients (21).
Chang er al. also concluded that left-sided ASP is more
likely to induce T'T (22). Consistent with previous reports,
this study found that left-sided ASP is more likely to lead
to TT.

In recent years, hematological indicators have gradually
become an important reference factor for diagnosing various
diseases due to their reliable results, easy accessibility, and
low-cost advantages. T'T is no exception (15). In 2019, Yucel
and other researchers conducted a retrospective multicenter
study to clarify the application of hematological indicators
in the differential diagnosis of TT and epididymal-orchitis.
They found that compared to the normal control group,
patients with ASP had significantly elevated neutrophil
count, platelet count, leukocyte count, NLR, MER, and
PLR values. Importantly, the predictive value of NLR
for predicting TT reached a level similar to CDU (23).
Yilmaz and others found through multivariate logistic
regression analysis that monocyte count was the only
factor significantly different between the TT and ASP
groups (24). This study’s smaller MER value indicated
a higher likelihood of T'T diagnosis. In addition, lower
neutrophil count was associated with T'T. This may be due
to the fact that epididymo-orchitis is usually accompanied
by a systemic inflammatory response such as fever, which
in children with T'T is usually not manifested or appears
at an advanced stage of the disease. Interestingly, there are
significant differences in the results reported by the existing
studies of hematological indicators. This may be related to
the limited reports of relevant studies and the insufficient
sample size of included patients. At the same time, there is a
lack of relevant research reports on children (25).

CFD ultrasound has been recommended as the preferred
examination for ASP due to its convenience, low cost, and
high accuracy. Among them, high-frequency ultrasound
is still the preferred imaging method, providing excellent
sensitivity and specificity in diagnosing T'T, epididymal-
orchitis, and testicular appendage torsion (26). CDU
can rapidly evaluate potential urogenital emergencies.
Although grayscale imaging is helpful, CFD ultrasound
is the preferred examination for imaging the scrotum
and testicles (27). However, the diagnostic accuracy of
ultrasound and the subjective judgment of the examiner

© Translational Andrology and Urology. All rights reserved.

are closely related. In a retrospective study of ultrasound
examination results in 215 patients with ASP, Hendrikx and
others found a misdiagnosis rate of 2.33% (5/215) among
ultrasound specialists (28). A meta-analysis involving 2,116
patients showed an overall sensitivity of 86% and specificity
of 95% for CFD ultrasound in diagnosing T'T" (29). Studies
have shown that the echo and blood flow signals of the
testicles and epididymis are important factors in the initial
diagnosis of TT (9,10,15). However, some researchers
have reported different views. Tian and others found that
although testicular blood flow signals have high sensitivity
and specificity for imaging the affected testicle, they are
not related to the prognosis of TT. However, the uneven
echo of the testicular parenchyma should be taken seriously
because it is a sign of persistent ischemia or necrosis of the
testicular parenchyma tissue (30). This study found that
the blood flow signals of the epididymis and testicles and
the echo of the testicular parenchyma have good predictive
value for the diagnosis of T'T. Uneven echo of the testicular
parenchyma and reduced or absent blood flow signals in the
epididymis and testicles indicate a high possibility of TT,
and active surgical exploration should be considered.

The TWIST score is a 7-point tool to assess ASP.
The parameters include testicular swelling, hard testicle,
high-riding testicle, absent cremasteric reflex, and
nausea/vomiting. It is considered an important basis for
clinicians to make initial judgments of T'T during physical
examination of pediatric patients before completing
hematological and imaging examinations such as CFD
ultrasound. It can effectively reduce reliance on examination
and test results (31). Sheth and other researchers also
found that low-risk patients under the TWIST score
do not require an ultrasound to rule out torsion. High-
risk patients can proceed directly to surgery, avoiding
ultrasound examinations in over 50% of patients (32).
However, Feng and others analyzed clinical presentations,
physical examination, laboratory data, and CDU findings
in 136 patients. They found that physical examination
results are not risk factors for T'T (17). Hisamatsu et 4/. also
confirmed that although the TWIST score can diagnose
T'T, its clinical value is lower than ultrasound (33). This
study found, through univariate logistic regression of the
included factors, that apart from nausea/vomiting, the
other four indicators in the TWIST score (increased reflex,
testicular swelling, hard testicle, and high-riding testicle)
are all associated factors in predicting TT. However,
unfortunately, after balancing the interactions between
multiple factors, none of the TWIST-related indicators
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were included as independent risk factors for predicting
TT occurrence in the multivariate logistic regression. The
AUC curve and C-index were significantly lower than those
of the predictive model we constructed. This indicates that
our nomogram has better predictive performance than the
traditional TWIST score. A physical examination can be the
initial approach for ASP but cannot replace hematological
and ultrasound examinations.

Our study has some limitations worth noting. Firstly, the
retrospective design of this study may have inevitable recall
and selection biases. Secondly, the number of cases included
in our study is limited, and further large-sample and
prospective multicenter studies are needed to validate the
existing research results. However, our study has the largest
number of pediatric ASP cases in the southwestern region
of China and has certain representativeness and reference
value.

Conclusions

In conclusion, this study collected clinical indicators of
pediatric patients who visited Kunming Children’s Hospital
for ASP for 9 years and underwent surgical treatment.
Logistic regression analysis was conducted to identify
independent risk factors for T'T" and construct a nomogram.
A series of validation methods were used to confirm the
accuracy and discriminatory power of the nomogram. This
study is the largest sample size reported for constructing a
prediction model in southwestern China, and the validation
results demonstrate the excellent performance of the
constructed model. It can assist pediatric surgeons in the
diagnosis and treatment of pediatric ASP.
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Figure S1 AUC for TWIST score to predicting T'T in ASP patients. (A) The AUC for TWIST score in the training set. (B) The AUC
for TWIST score in the validation set. AUC, area under the curve; CI, confidence interval; TWIST, Testicular Workup for Ischemia and
Suspected Torsion; TT, testicular torsion; ASP, acute scrotal pain.
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