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Doppler ultrasound improves diagnostic accuracy for testicular torsion
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ABSTRACT
Background: Doppler ultrasound can diagnose testicular torsion with high sensitivity and specificity
but may delay surgical treatment. This study aims to assess whether the use of doppler ultrasound, in
cases with intermediate clinical suspicion of testicular torsion, can improve diagnostic accuracy com-
pared to clinical assessment alone.
Methods: We implemented a new clinical algorithm where patients with intermediate suspicion of
testicular torsion undergo doppler ultrasound within 60min. This study compared the patients that
presented within one year prior to the implementation (group 1) to the patients who presented within
one year after the implementation (group 2). The primary outcome measure was failure to confirm tes-
ticular torsion upon surgical exploration (negative surgical exploration). Missed testicular torsion was
one of the secondary endpoints.
Results: 590 consecutive patients were included. 322 (55%) in group 1 and 268 (45%) in group 2.
There were 9 (2.8%) testicular torsions in group 1 vs 9 (3.4%) in group 2 (p¼ 0.69) and 2 (0.6%) missed
testicular torsions in group 1 vs 0 in group 2 (p¼ 0.50). Doppler ultrasound was performed in 65
patients (24.2%) in group 2 vs 0 in group 1 (p< 0.01). Negative surgical exploration was performed in
27 (8.4%) patients in group 1 vs 8 (3.0%) in group 2 (p< 0.01).
Conclusion: Doppler ultrasound assessment of patients at intermediate clinical risk of testicular torsion
significantly reduced the frequency of negative surgical explorations without increased rate of missed
testicular torsions.
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Introduction

Testicular torsion (TT) is a twisting of the spermatic cord due
to a rotation of the testis around its own axis. TT leads to
testicular ischemia, the severity of which is determined by
the level of circulatory compromise [1].

The annual incidence of TT is 3.8 per 100 000 patients
under 18 years of age [2] and 3.5 per 100 000 patients under
25 years of age [3]. Immediate surgery is the gold standard
for treatment of TT and is required in order to avoid testicu-
lar damage or testicular loss [1]. It has been shown that 96%
of testicles can be salvaged when surgery is performed
within 6 h from symptom onset as opposed to only 60% and
7% being viable after 18 and 48 h, respectively [4]. This adds
to the importance of a rapid assessment of patients present-
ing to the emergency room (ER) with scrotal pain and identi-
fication of those requiring emergency surgery [1,5].

The actual rate of TT found upon surgical exploration (SE)
has varied greatly and has been reported to be in the
9%–30% range [6–9] with a complication rate of 8% [9]. The
low rates of true TT found when performing SE and the rela-
tively high rate of complications clearly motivates the need
of improved preoperative diagnostics in order to avoid
unnecessary surgery while still identifying all cases of TT.

Doppler ultrasound (DUS) may diagnose TT with high sensi-
tivity and specificity [10,11]. There are, however, subjects of
controverse regarding the use of DUS, the main concern
being the risk of delay of treatment and thereby increased
risk of testicular loss [12,13]. Therefore, as a mean of select-
ing cases for either SE, DUS or dismissal, several scoring sys-
tems for stratification of risk of TT have been developed. The
one most commonly used, Testicular Workup for Ischemia
and Suspected Torsion (TWIST score) is based on five clinical
parameters (testicular swelling, hard testicle, absent cremas-
teric reflex, nausea/vomiting and high riding testis) and the
authors recommend DUS for the intermediate risk group
[12]. The TWIST score has been validated in multiple stud-
ies [12–17].

During the fall of 2018 two cases of TT were missed after
presenting at our ER. To avoid further cases of missed TT, we
implemented a new algorithm for patients presenting with
scrotal pain (Figure 1) in 2019). According to this algorithm,
cases with high suspicion of TT based on clinical examination
with or without the help of a scoring system are planned for
immediate SE, whereas cases with an intermediate suspicion
of TT are examined by doppler ultrasound (DUS) within
60min of seeing a physician at the ER.

CONTACT Karl Teurneau-Hermansson karl.teurneau-hermansson@skane.se Department of Urology, Helsingborg Hospital, Helsingborg, SE-251 87, Sweden
� 2021 Acta Chirurgica Scandinavica Society

SCANDINAVIAN JOURNAL OF UROLOGY
2021, VOL. 55, NO. 6, 461–465
https://doi.org/10.1080/21681805.2021.1962404

http://crossmark.crossref.org/dialog/?doi=10.1080/21681805.2021.1962404&domain=pdf&date_stamp=2021-12-01
http://orcid.org/0000-0001-7408-4372
https://doi.org/10.1080/21681805.2021.1962404
http://www.tandfonline.com


The aim of this study is to assess whether the use of dop-
pler ultrasound, in cases with intermediate clinical suspicion
of testicular torsion, can improve diagnostic accuracy com-
pared to clinical assessment alone.

Material and methods

This is a single-center non-randomized controlled trial com-
paring two different management procedures for scrotal
pain. In this study, we compared those patients that pre-
sented with scrotal pain at Helsingborg hospital,
Helsingborg, Sweden, during the first year after introducing
a new diagnostic algorithm (1st of June 2019 to 31st of May
2020) (Figure 1), with a cohort of patients that presented
with scrotal pain one year prior to the introduction of the
algorithm (1st of June 2018 to the 31st of May 2019). Data
was retrospectively collected from patient charts and surgical
reports and the diagnosis of TT was validated by chart and
surgical report review of two independent physicians special-
ized in urology.

This study was approved by the Swedish Ethical Review
Authority, ref. 2019-06337.

On the 1st of June 2019, Helsingborg hospital adopted a
new memorandum for assessment of patients presenting to
the ER with scrotal pain (Figure 1). The algorithm gives that

all patients age 1–30, presenting with scrotal pain within
48 h of symptom onset, undergo a primary clinical assess-
ment. Patients safely diagnosed with a diagnosis other that
TT are managed as required. In cases where TT is suspected
on primary assessment, patients are categorized by the clin-
ician in the ER as having high-risk or intermediate risk for TT.
The decision is based on either clinical scoring systems or by
clinical examination alone. While patients considered being
at high risk for TT are immediately transferred to the operat-
ing theatre for SE, the intermediate risk patients are desig-
nated for DUS within 60min after being examined by
a physician.

Ultrasound and operative technique

DUS was defined as an exam designed to answer solely the
question whether or not TT was present. Six areas of interest
were assessed - doppler signal of the testis, rotation of the
spermatic cord, redundant spermatic cord [18], testicular
swelling, parenchymal anomalies and hydrocele. Ultrasound
exam (US) was defined as a broader exam where a full mor-
phological exam of the scrotal contents was conducted and
doppler perfusion was not necessarily recorded. US per-
formed within 48 h of presentation were considered as emer-
gency exams. SE was performed under general anesthesia

Age 1-30 years
Acute onset of scrotal pain

Suspected testicular torsion
Clinical evaluation with or without scoring 

system (for example TWIST Score)

High suspicion
Severe pain and/or

High riding testicle/horizontal lie and/or
Absent cremasteric reflex and/or

Swelling/erythema of hemiscrotum

Intermediate suspicion
Not possible to rule out testicular 

torsion

No suspicion of 
testicular torsion
No anamnestic or 

clinical sign of 
testicular torsion

Doppler ultrasound within 60 
min. 

Signs of testicular torsion?

Immediate surgical 
exploration

Dismissal with adequate 
treatment. 

Referral to primary care for 
clinical follow up within one 

month.

NegativePositive

Dismissal with written 
patient information.

Referral to primary care for 
clinical follow up within one 

month.

Figure 1. Memorandum – scrotal pain. Inclusion criteria: Scrotal pain � 48 h (Longer duration of symptoms does not exclude testicular torsion but shall be
assessed outside of this algorithm.) Age 1–30 years (Testicular torsion is rare, but may occur, in age > 30 years. If suspected: patient shall be assessed outside of
this algorithm. Patients < 1 year of age with suspected testicular torsion shall be assessed at pediatric surgical center. No surgical procedures are performed on
patients < 1 year of age/< 10 kg weight at Helsingborg hospital.)
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via scrotal incision. If TT was found or intermittent TT was
suspected, a contralateral incision was performed followed
by bilateral orchidopexy.

Outcomes and definitions

The primary outcome measure for this study was the failure
to confirm TT upon surgical exploration (negative surgical
exploration (NSE)). Missed TT was regarded as a secondary
endpoint. TT was defined as torsion of the spermatic cord or
clear evidence of intermittent TT (testicular ischemia)
observed via SE. Missed TT was defined as a case where a
patient had presented to the ER with scrotal pain and been
misdiagnosed as not having TT. Patients delay leading to tes-
ticular loss did not count as missed TT. Time from presenta-
tion at the ER until arrival at the operating theatre for
patients undergoing SE was regarded as another secondary
endpoint as well as hospitalization rate.

Statistical analysis

Categorial variables were presented as numbers and percen-
tages. Continuous data were reported as median and inter-
quartile range (IQR) and groups were compared using the
Chi-square test, Fisher’s exact test, and two sample t-tests
when appropriate. For all tests, p values < 0.05 were consid-
ered statistically significant. All statistical analyses were con-
ducted using IBM VR SPSSVR Statistics version 27.0.0.0 for
MacOSVR (IBM Corp, Armonk, NY, USA).

Results

A total of 616 patients met the inclusion criteria during the
study period. Of these, 9 were excluded due to only requir-
ing nurse’s assessment and 17 patients were excluded due
to having voluntarily abandoned the ER before seeing a doc-
tor. Thus, 590 patients remained in the study of which 322
(55%) patients presented to the ER before the algorithm was
put in use (Group 1) and 268 (45%) patients were managed
according to the new algorithm (Group 2). Demographics are
presented in Table 1. Median age was similar between the
two groups (16 (10–24) years vs 16 (10–22) years, in group 1
and 2, respectively (p¼ 0.37)), as was duration of symptoms
(4 (2–10) hours in group 1 vs 4 (2–10) hours in group
2 (p¼ 0.98)).

Results are presented in Table 2. DUS was performed in
0/322 (0%) patients in the group 1 as compared to 65/268
patients (24.2%) in group 2 (p< 0.001) but there was no sig-
nificant difference between the groups in time from presen-
tation at the ER to surgical treatment (128 (91–213) min vs
152 (88–262) min in group 1 and group 2, respect-
ively (p¼ 0.59).

Group 1 patients were significantly more likely to undergo
SE when compared to group 2 (36/322 (11.2%) vs 17/268
(6.3%), p¼ 0.041). In total 9/322 patients (2.8%) in group 1
and 9/268 patients (3.4%) in group 2 were diagnosed as hav-
ing TT (p¼ 0.69). The new algorithm resulted in a significant
reduction of NSE with 27 negative explorations in group 1

(TT not confirmed in 27/36 SE (75%)) compared to 8 in
group 2 (TT not confirmed in 8/17 SE (45%)) (p< 0.01).
Overall, 2/322 (0.6%) patients in group 1 underwent orchid-
ectomy upon SE because of unsalvageable ischemia com-
pared to 1/268 (0.4%) patient in group 2 (p¼ 1.00). There
were 2/322 (0.6%) missed TTs in patients presenting before
the introduction of the new algorithm and 0/268 (0%) after
the algorithm was introduced (p¼ 0.50). One of the patients
with missed TT presented to the ER with unilateral scrotal
pain for 48 h, his condition was misdiagnosed as orchi-epidi-
dymitis. He returned to the ER 72 h later and was correctly
diagnosed as having TT. The other missed TT presented to
the ER with unilateral scrotal pain with a duration of approxi-
mately 6 h. He had a palpable scrotal mass and was referred
to US the next day. The US showed testicular infarction due
to TT. The two patients with missed TT in group 1 were the
same patients that underwent orchidectomy in group 1
while the patient who underwent orchidectomy in group 2
was a patient who presented to the ER with a symptom-dur-
ation of 72 h.

In group 2, 7 out of the 17 patients (41%) who underwent
SE also underwent DUS and out of the 7 patients who
underwent both DUS and SE, 5 had TT. In all, 39/322 patients
(12.1%) in group 1 were admitted to the hospital compared
to 22/268 patients (8.2%) in group 2 (p¼ 0.12).

Discussion

In this study, we demonstrated that in patients presenting
with scrotal pain an algorithm using DUS assessment was
associated with a significant reduction of NSE without
increased rate of missed TT.

It has been reported that one out of every 500 Swedish
males will be diagnosed with TT before the age of 25 [9].
Despite TT being relatively frequent and well-studied, accur-
ately diagnosing the condition remains a great challenge.
The dramatical consequences of delayed or missed diagnosis
may render treating physicians more inclined towards defin-
itely ruling out the diagnosis by means of SE. Boman et al
have previously reported that negative explorations occur at
a frequency of 91% (TT found in 9 patients out of 170 those
who underwent SE) [9], while others have reported a rate of
26%–30% [6,7].

The use of DUS has been a subject of debate for a long
time [19]. Some argue that, in the event of an actual TT, DUS
will inevitably prolong the period before a necessary SE can
be executed thereby increasing the risk of testicular loss.
Thus, performing an immediate SE on wide indications may
be regarded as the safest approach to suspected TT.
Furthermore, resources for performing DUS in the acute set-
ting of a suspected TT may vary significantly between differ-
ent hospitals and also between daytime and nighttime [20],
thereby making a general recommendation of DUS inappro-
priate. In contrast, others have argued that performing SE
with high rates of negative findings is a waste of valuable
health care resources and ethically doubtful as it exposes
healthy patients to the risk of unnecessary postoperative
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complications [9] as well as risk of anesthesiologic
complications.

On the 1st of June 2019, we launched a new diagnostic
algorithm for assessment of scrotal pain at the ER at
Helsingborg hospital. The patients that presented to the ER
after the introduction of the new algorithm underwent sig-
nificantly fewer NSE compared to patients presenting to the
ER during the year before the launch. There were no DUS
performed in group 1 but 65 in group 2, giving that 3.4 DUS
were required to save one SE. It seems like our algorithm
spares young patients the unnecessary experience of surgery
under general anesthesia, hospitalization and risk of postop-
erative complications.

As it may be feared that DUS would delay SE for TT we
recorded the time from presentation at the ER until arrival at
the operating theatre for the patients undergoing SE.
However, we found no significant delay of SE in the group
that underwent DUS prior to surgical exploration but our
results show that the median time between clinical assess-
ment and SE was 24min longer in the group 2. According to
Mellick et al [4] the difference in testicle salvage rate after 6
vs 12 h of symptom duration is reduces from 96% to 82%.
Considering these data, one can argue that a delay of 24min
before surgical treatment is by far exceeded by the reduced
rates of NSE. After introducing the new algorithm, hospital-
ization rates were 8,2% compared 12.1% prior to its introduc-
tion, however the difference was not significant (p¼ 0.12).
The hospitalizations that were not due to postoperative care
for TT were mostly constituted by severe cases of epidi-
dymo-orchitis in need of intravenous antibiotics.

Due to the diagnostic difficulties associated with acute
scrotal pain, handling these cases at the ER can be quite
challenging. The algorithm presented is easy to understand
and use and is therefore suitable for doctors of different spe-
cialties and with different levels of urological experience.

First, this study was limited by its retrospective design
and by being single-center study with a limited number of
patients undergoing SE and being diagnosed with TT.
Therefore, it may be under-powered to detect for example a
difference in delay of SE. Second, the information campaign
that was launched at our hospital just before adopting the
new memorandum may have had a positive impact on the
overall care for the patients presenting to the ER with scrotal
pain. Also, our clinical algorithm allows for the use of an
established scoring system like TWIST [12] to determine the
risk for TT, but it also allows for the physician at the ER to
assess the risk of TT without the help of the scoring system.
This may lead to inconsistency in the management of scrotal
pain, but we regard it as a safety precaution to rather
include than exclude patients from the high-risk-group in the
algorithm. On the other hand, this study was strengthened
by complete review and follow-up of all patients presenting
to the ER with scrotal pain during the study period, complete
adherence to the algorithm after its introduction and the
completeness of our data. In addition, all surgical reports
were reviewed by two independent urologists ensuring the
validity of our data.

Conclusion

This study showed that doppler ultrasound assessment of
patients at intermediate clinical risk of testicular torsion sig-
nificantly reduced the frequency of negative surgical explora-
tions without increased rate of missed testicular torsion. We
therefore believe that we can safely recommend the use of
doppler ultrasound in patients with intermediate risk of tes-
ticular torsion.

Table 1. Baseline data on patients (age 1–30 years) presenting to the emergency room with scrotal pain.

All patients
Group 1 Group 2

Before new memorandum After new memorandum
(N¼ 590) (n¼ 322) (n¼ 268) Missing values

Age (years) 16 (10–23) 16 (10–24) 16 (10–22) 0
Symptom duration (hours) 4 (2–10) 4 (2–10) 4 (2–10) 406 (68.8)

Data are presented as median (IQR) or n (%) when appropriate.

Table 2. Results of the study population presented by group.

All patients
Group 1 Group 2

p
Before new memorandum After new memorandum

(N¼ 590) (n¼ 322) (n¼ 268)

Testicular torsion 18 (3.1) 9 (2.8) 9 (3.4) 0.69
Missed testicular torsion 2 (0.3) 2 (0.6) 0 (0) 0.50
Surgical exploration 53 (9.0) 36 (11.2) 17 (6.3) 0.04
Negative surgical exploration 35 (5.9) 27 (8.4) 8 (3.0) <0.01
Doppler ultrasound exam 65 (11.0) 0 (0) 65 (24.2) <0.01
Ultrasound exam 105 (17.8) 69 (21.4) 36 (13.4) <0.01
Hospitalization 61 (10.3) 39 (12.1) 22 (8.2) 0.12
Handling timea (minutes) 131(93–235) 128 (91–213) 152 (88–262) 0.59
Orchidectomyb 3 (0.5) 2 (0.6) 1 (0.4) 1.0

Data are presented as n (%) or median (IQR) when appropriate. Chi-square test, Fisher’s exact test, and two sample t-tests have been used
when appropriate. For all tests, p values < 0.05 are considered statistically significant.
aTime from presentation at the emergency room until arrival at operating theatre for patients undergoing surgery.
bUnsalvageable ischemia detected upon surgical exploration leading to orchidectomy.
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