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What’s known on the subject? and What does the study add?

Acute scrotum in children presents as a paediatric urological emergency. It is mainly caused by testicular torsion (TT), leaving a time window
of only a few hours to irreversible damage, or in up to 50% by torsion of the appendix testis (ATT). TT requires immediate surgery, whereas
ATT can be managed conservatively. Rate of surgical exploration revealing no TT is high when no clinical score criteria was applied. Aim of
the study therefore was to establish clinical predictors to distinguish between TT an ATT, preventing unnecessary surgery. Our data promote
that additional to an absent cremasteric reflex, testicular swelling and high-riding testis, age >10 years and symptom onset in the night
support diagnosis of TT. The primary clinical approach should therefore remain and not be replaced by alternative indicators or color Doppler
ultrasonography.

Abstract T

Objective: To elaborate clinical predictors to safely distinguish between testicular torsion (TT) and the appendix testis torsion (ATT) and emphasize
a diagnostic algorithm to reduce unnecessary exploration rates. TT requires prompt assessment and surgical intervention to achieve tissue function.
Torsion of the ATT is the most common differential diagnosis, which can usually be treated conservatively. Colour-Doppler ultrasonography (CDUS)
remains controversial for detection of TT.

Materials and Methods: Data were retrospectively collected from patients under the age of 20 years admitted to our hospital with acute scrotal
pain from 2017 to 2020. The main outcome measures were the onset of symptoms, clinical criteria of absent cremasteric reflex, testicular swelling
and high-riding testis, perfusion in CDUS and pathology found during scrotal exploration.

Results: Seventy-one patients met the inclusion criteria. Mean age was 10.6 years. 53.2% were diagnosed with TT, 41.6% with ATT, 1.3% with
epididymitis and in 3.9%, no pathology was found. Patients with TT were significantly older compared to patients with ATT (p<0.004). TT showed a
more frequent onset of symptoms during night-time (p<0.006). 87.8% of TT had two of the three defined clinical criteria, compared with 18.8% of
ATT (p<0.001). The limitations of this study were the retrospective design and interobserver variability.

Conclusion: Our findings support the safety and importance of clinical criteria to distinguish between TT and ATT. CDUS should not supersede
clinical evaluation. The decision to surgically explore should be made on clinical grounds as a standard approach for assessing acute scrotum.
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Introduction

Testicular torsion (TT) is a pediatric urological emergency, leaving
a time window of a few hours until irreversible damage occurs in
the affected testis (1). In males younger than 18 years, the annual
incidence of TT is 3.8% (2,3). The age distribution shows two
peaks, one in the perinatal period and one in adolescence (4). In
5-25%, TT as the underlying cause of acute scrotum (5), requires
quick surgical exploration within eight hours the maximum to
avoid loss of testicular tissue (6). Clinical parameters indicative
of TT include sudden onset of pain, high or horizontal position
of the testicle, swelling, and missing cremasteric reflex (5,7). The
absent cremasteric reflex has been described to be specific for TT
(8). An appendix testis can be found in 83% of male individuals
(9) and appendix testis torsion (ATT) grants for almost half of
the boys presenting with acute scrotal pain (10), with an age
peak of 7 to 12 years (11). ATT is a self-limiting condition treated
primarily conservative including bed rest, scrotal elevation and
non-steroidal anti-inflammatory drugs. Surgery should only be
performed if the clinical differentiation from TT is uncertain. It
has been shown that the rate of surgical exploration revealing
no pathology was very high (86%) when neither systematic
clinical criteria score, nor further diagnostics were applied (5).
However, due to the intensity of pain as well as the young age,
clinical examination might be difficult or inconclusive (12).

Colour-Doppler ultrasonography (CDUS) to distinguish TT from
ATT is discussed controversially. Often a hyperperfusion of the
upper poleisseen in case of ATT. Differential diagnostic an orchitis
should be considered if the whole testicle shows an increased
blood flow. Its availability and cost-efficiency in synopsis with
a high rate of sensitivity (70-90%) and specificity (98-100%)
leaves CDUS as the standard imaging method for acute scrotum
(13). Limitations are still given, the examiner dependency with
a high inter- and even intraoberserver variability (14), leading
to waiving of surgical exploration, can result in inevitable
testicular loss (15). Additionally, the persistence of arterial flow
was found in 24% patients with TT and therefore not really a
reliable parameter (16).

The aim of our retrospective single-centre study was to elaborate
clinical predictors to distinguish between the presence of TT and
ATT and to utilize a diagnostic algorithm to reduce unnecessary
surgical interventions.

Materials and Methods

This is a retrospective observational study based on a
retrospective analysis of the uro-paediatric database of our
department. Research study was performed in accordance with
the Helsinki declaration and institutional ethical standards.
The project was approved by the local medical research ethics
committee with the number 1393/2020.
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Patients

All patients younger than 20 years who presented at the
urological emergency department with acute scrotal pain
between 2017 and 2020 were included. History was taken
concerning the onset and duration of pain, local symptoms,
history of trauma and other urological medical issues, such
as inguinal surgery. All patients were thoroughly examined
by a consultant. Three main clinical symptoms were evaluated
at admission, including acute onset of scrotal pain, position
of the testicle and presence of cremasteric reflex. CDUS was
performed during day time department hours by a radiologist
using a Hitachi Ascendus ultrasound machine with a 13-Mhz
linear probe, otherwise ultrasound was carried out by a certified
urologist with experience in pediatric scrotal sonography.
Imaging defined normal-, hyper- or hypoperfusion, as well as
elasticity, when applicable. Based on clinical criteria, additional
CDUS findings - underpin the suspicion of TT - strengthened the
indication for surgical exploration. When clinical criteria were
suspicious of TT and CDUS was not, surgical exploration was
mandatory. In all cases, concordant with the standard approach
at our institution, it was of great importance that no time
delay to surgery because of performing CDUS occurred. Final
diagnosis was based on the results of the surgical exploration.

Surgical Management

Surgical scrotal exploration was performed by a urologist due
to a standard local protocol. General anesthesia was used
and the testis was exposed after a mid-scrotal incision. When
the torsion of the spermatic cord was evident, detorsion was
performed, followed by embedding the testis in warm saline
soaked swabs. After reperfusion, the testicle was fixed with three
standard self-absorbing sutures and prophylactic contralateral
scrotal orchidopexy was performed subsequently. If exploration
showed a twisted spermatic cord with a necrotic testis and
without spontaneous reperfusion after detorsion, the testis was
removed. In the case of an ATT, the appendix was removed. No
antibiotic prophylaxis was administered.

Postoperative Management

All patients were discharged the following day with oral analgetic
medication for two to three days. Follow-up examination was
primarily performed by a pediatrician after 10 to 14 days. If the
time between the first onset of pain and hospital admission was
more than six hours or TT was shown to be greater than 360°,
follow-up was performed at our outpatient department.

Statistical Analysis

Statistical analyses were performed using SPSS Statistics
(IBM, Version 22, Armonk, NY), with a p-value of p<0.05 being
considered as statistically significant. Differences between the
groups were calculated by t-test for independent samples for
metric parameters, Mann-Whitney U test for ordinal parameters
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and Pearson chi-square test for nominal parameters. Correlation
analyzes were performed using the Cramer-V and Phi coefficient,
influence was further evaluated in a logistic regression model.
Graphs were created using GraphPad PRISM (GraphPad Software
Inc., version 8, San Diego, CA).

Results

A total of 77 patients were admitted to our department because
of acute scrotal pain. Seventy-one scrotal explorations were
carried out during the study period. The mean age of our patient
cohort was 10.6+4.8 years (range 0-20). Forty-one patients
(53.2%) were diagnosed with TT, 32 (41.6%) with ATT, 1 (1.3%)
with epididymitis and in 3 (3.9%) patients, no pathology was
found intraoperatively. No clinical signs of orchitis were found
intraoperatively. The mean duration from onset of symptoms to
admission in all cases was 26.3 h, ranging from 1 h to 12 days, in
which 49.4% of them were admitted to the hospital less than 6
h after onset. Our cohort included three (3.9%) neonatal cases.
No preoperative manual detorsion attempts were performed and
no major complications requiring a second surgical intervention
or prolonged hospital stay were observed. Table 1 shows the

patient characteristics and the clinical and physical findings in
the TT and ATT groups.

There was a significant difference in patient age between the
TT and ATT groups, as shown in Figure 1, with the mean age
at presentation of 9.7+2.9 years and 11.9+5.5, respectively
(p<0.004).
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Figure 1. Age at presentation. There was a significant difference in the age of
presentation between the group diagnosed with TT and ATT (p<0.004)

TT: Testicular torsion, ATT: Appendix testis torsion

Table 1. Patient characteristics

Variables TT, n (%) ATT, n (%) p-value
Patients 41 32

Underwent orchiectomy 5 0 0.041
Age (years)

Mean + SD 11.945.5 9.7+2.9 0.032
Median (range) 14 (0-20) 10 (2-17)

Symptom onset (time)

7am -7 pm 18 (43.9) 26 (81.3) 0.001
7 pm -7 am 23 (56.1) 6(18.7)

Time from admission to surgery (hours)

Mean + SD 1.58+1.7 2.62+2.7 0.018
Median (range) 1(1-8) 2 (1-14)

Clinical criteria

Abscent cremasteric reflex 38(92.7) 4(12.5) <0.001
Testicular swelling 40 (97.6) 29 (90.6) 0.196
High-riding testis 31 (75.6) 3(9.4) <0.001
Clinical scoring

0/3 criteria 1(2.4) 2 (6.3) 0.416
1/3 criteria 4(9.8) 24 (75) <0.001
2/3 criteria 6 (14.6) 6(18.8) 0.638
3/3 criteria 30(73.2) 0(0) <0.001
CDUS

Perfusion 8 (19.5) 32 (100) <0.001
Absent perfusion 33 (80.5) 0(0)

SD: Standard deviation, CDUS: Colour-Doppler ultrasonography, TT: Testicular torsion, ATT: Appendix testis torsion
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To evaluate the influence of age as a discriminating factor of TT,
a receiver operating characteristic curve analysis was performed
and showed an area under the curve of 0.71 (Figure 2).

When defining a cut-off age of 10 years, significance was
shown for the presence of TT between the two groups older and
younger than 10 years (p<0.001). For this cut-off age, sensitivity
is 70.7% and specificity is 63.9% for diagnosis of TT, resulting in
a positive predictive value of 69%, a negative predictive value
of 65.7% and a likelihood ratio of 1.96, meaning that patients
with scrotal pain and an age of more than 10 years are 1.96
times more likely to suffer from TT than from ATT.

The duration from admission to surgery was 1.56+0.18 h in the
TT group and 2.62+0.53 h in the ATT group. In five patients with
TT (12.2%), orchiectomy had to be performed because the testis
already become necrotic, two of them being perinatal patients,
of which or cohort had three. In cases of orchiectomy, mean time
from symptom onset to admission was 51.8 (range 9-88) hours,
which was significantly longer than in those patients, in whom
the testis could be preserved, which had with a mean time of 6
(range 1-48) hours (p<0.032). Time between hospital admission
and surgical exploration was not significantly different between
the two groups, with 1.8+0.8 h in the ATT group and 2.15+2.14
h in the TT group (p=0.716).

Twenty-three (56.1%) patients with TT had an onset of symptoms
during the night between 7 p.m. and 7 a.m. A significant
correlation between symptom onset and diagnosis of TT and ATT
could shown (p<0.001) resulting in a more frequent onset of
symptoms of TT during night-time. Age (p<0.004) and time of
onset of symptoms during the night (p<0.006) were significant
factors for predicting TT. In a binary logistic regression model,
age, as well as onset of symptoms, proved to be significant
factors in predicting the presence of TT (R2=22.3).
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Figure 2. Receiver operating characteristic curve analysis showing an area
under the curve of 0.71 for a cut-off age of older than 10 years
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In 36 (87.8%) patients with TT, two out of the three defined
clinical criteria were present. In contrast, only 6 (18.8%) of the
boys with ATT showed the same number of clinical criteria at
presentation (p<0.001). The overall distribution of the presence
of clinical criteria is shown in Figure 3.

In patients who had at least two out of three clinical criteria,
time from hospital admission to surgery was 1.82+0.18 h.
There was a significant correlation between the absence of
the cremasteric reflex and the presence of TT, as confirmed by
the chi-square test (p<0.0001). The absence of the cremasteric
reflex has shown to have a sensitivity of 92.7% and specificity
of 80.6%. The absence of this reflex therefore had a positive
predictive value of 84.4% for the presence of TT and a negative
predictive value of 90.6%. The sensitivities of the presence
of scrotal swelling were 97.6% and specificity 8.3%. In cases
of high-riding testes, these values were 75.6% and 88.9%,
respectively.

All our patients had CDUS before surgical exploration. Thirty-
three (80.5%) patients with TT had no perfusion of the involved
testis, whereas in the ATT group, perfusion was present in all
cases. CDUS findings were significant and strongly correlated
with the presence of TI, as shown by Fisher's exact test
(p<0.0001). Follow-up data in our outpatient department were
documented in nine patients in the TT group and eight in the
ATT group. Clinical examination was normal with no signs of
residual swelling or tenderness. On CDUS all testes showed a
normal perfusion pattern. There were no cases of retorsion,
atrophy after testicular fixation, or any other surgical long-term
complications.

Discussion

TT is a pediatric urological emergency, accounting for 10% to
15% cases with acute scrotal pain (17). Moreover, TT is the third
most common cause for malpractice lawsuits in adolescent
males, emphasizing precaution in this sensitive topic (18).
Surgical intervention within eight hours maximum is mandatory
to prevent testicular loss or long-term impairment (6,19). The
delayed presentation at admission cannot be influenced by

Testicular torsion

Torsion of the appendix testis

mm 0/3 clinical criteria
== 1/3 clinical criteria
== 2/3 clinical criteria
mm 3/3 clinical criteria

Figure 3. The overall distribution of the presence of clinical criteria in both
groups
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hospital management, so prompt diagnosis upon arrival is
essential. In the past, most cases with acute scrotal pain were
treated surgically, leading to unnecessarily high-exploration
rates including the risks of general anesthesia. TT presented with
a peak age of 11.9 years and ATT had a peak age of 9.7 (20,21).
There was a significant difference in the age at presentation
between both groups, indicating that age younger than 10 may
be a useful predictor of ATT (22,23).

The correlation between the daytime onset of symptoms and
the presence of TT was significant, showing a more frequent
occurrence during night hours, as described by Fujita et al. (23).
Late presentation to the hospital is described as the major cause
leading to orchiectomy (24,25). This was likewise observed in
our cohort, suggestive of low public awareness with respect to
acute scrotal pain.

CDUS is commonly discussed as a specific method for
differentiating TT from other causes of acute scrotal pain. It
is widely used, but in clinical practice, this imaging method is
highly dependent on the technique, expertise and routine of
the examiner. False-negative results can be seen in TT, as is the
case when systolic pressure is measurable, but diastolic pressure
is absent due to twisting of the spermatic cord (26). Reactive
hyperemia of the tunica vaginalis can accidentally be interpreted
as arterial flow into the testis, it is therefore crucial to ensure
that the blood flow that is visualized does indeed come from
central vessel branches (27). Using CDUS, testicular arterial flow
could be visualized in 19% of our patients, although the torsion
of the spermatic cord was verified at surgery. It should be
emphasized, that performing CDUS was shown to result in an up
to 60-minute delay in treatment (28). CDUS should not question
the findings of physical examination and therefore certainly not
assign or detain patients from surgical intervention. This is in
agreement with previous observations (16) and points out that
TT cannot be efficiently diagnosed or ruled out using CDUS (14).
Waiving of time-consuming imaging should shorten the time to
surgery and help salvage testicular tissue since according to our
results 50% presented six hours after onset of symptoms.

The clinical criteria triad, consisting of an absence of cremasteric
reflex, swelling and high-riding testes, are widely used for
symptoms indicative or strongly associated with TT (5). None of
the criteria alone can prove the presence of TT, nevertheless, a
combination of two or three of these criteria reliably predicted
TT in 87% of our cases. The presence of the cremasteric reflex
is observed in 61-100% boys between 24 months and 12 years
of age (29). Absence of the cremasteric reflex alone therefore is
a simple method with high sensitivity for TT (30) with verified
sensitivity of 92.7% and specificity of 80.6% in our cohort.

Sheth et al. (28) developed a scoring system based on clinical
criteria, assigning presenting patients to a low, intermediate,

and high-risk group. The score allocates high-risk patients to
immediate surgical intervention, avoiding possible time delay.
Similar to our study, the authors found that no or only one clinical
criterion was a powerful predictor to exclude the presence of
TT. General agreement that the diagnosis of TT should primarily
rely on physical examination, so that the scrotal exploration
is not delayed by imaging procedures and treatment costs are
kept low (5,7). The limitations were the study retrospective
design, furthermore, evaluating clinical criteria depended on
interobserver variability. Prospective studies on a larger number
of patients are needed to confirm our findings.

Conclusion

TT is the most common diagnosis of acute scrotal pain after
surgical exploration. Latter carries the risk of anesthesia and
perioperative adverse events, therefore the ambition is to avoid
surgical intervention if justified. Our proposed approach to
distinguish between TT and ATT in cases of acute scrotal pain is
consistent with using a clinical triad, which can be implemented
quickly. Age older than 10 years and onset of symptoms during
night hours support the diagnosis of TI. CDUS should not
replace clinical evaluation. The traditional approach of physical
examination to diagnose TT is safe and effective, hence it should
remain the standard approach to assess patients with acute
scrotal pain.
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