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Abstract

We report a case of testicular torsion in a 14-month old boy. 
Testicular ischemia was suspected based on history and clinical 
presentations. The patient was referred following 24 hours of left 
acute scrotum. Erythema, swelling and tenderness associated with 
nausea and emesis were present, but the patient was not febrile. 
We used a spatially resolved near-infrared spectroscopy (SR-NIRS) 
device to study and compare the tissue saturation index (TSI) on 
both right and left spermatic cords. The TSI was significantly 
reduced in the left side. Both testicles were surgically explored 
and the left testis was found non-viable with a 1080-degree intra-
vaginal torsion. NIRS monitoring of spermatic cord oxygen satura-
tion appears feasible as a non-invasive bedside optical method to 
identify testicular torsion.

Introduction 

Acute spermatic cord torsion or testicular torsion is a well-
known acute scrotum in children and adolescents. It results 
in twisting of the spermatic vessels with subsequent reduc-
tion or interruption of testicular blood supply, a condition 
that requires prompt diagnosis and urgent surgical explora-
tion.1 The classic presentation of testicular torsion includes 
sudden, severe unilateral scrotal pain, which can start on 
activity or during sleep. Nausea and vomiting may occur, 
and delayed cases may develop severe scrotal edema. 
Physical examination findings include an abnormal testic-
ular position and tenderness, and the cremasteric reflex is 
usually absent in patients over 2 years old.

This condition is considered a surgical emergency due to 
the risk of testicular loss. Surgical exploration of any acute 
scrotum has been recommended by some authors to prevent 
or confirm torsion.2 Radionuclide imaging, although fairly 

sensitive, is no longer recommended due to being time con-
suming and having low specificity.3 Colour Doppler ultraso-
nography (CDU) has been shown to have high sensitivity and 
specificity for spermatic cord torsion;4 however, intermittent 
torsion, spontaneous detorsion and atypical cases give false 
negative results, which significantly decrease reliability and 
clinical relevance of this method.5 Furthermore the use of 
CDU in the diagnosis of acute scrotum is limited by its 
availability and the time required to perform this type of 
investigation as it requires specialized sonographists to oper-
ate and interpret the results. High-resolution ultrasonography 
(HRUS) of the spermatic cord to detect the twisted section 
has also been suggested and used in suspicious cases to 
prevent unnecessary surgeries.6 

There have been reports of near-infrared spectroscopy 
(NIRS) application to study testicular hemodynamics in 
boars7 and to detect testicular torsion in adults.8-11 NIRS 
is a non-invasive optical technique that uses light in the 
near-infrared spectrum to monitor tissue oxygenation and 
hemodynamics by measuring local changes in the concen-
tration of oxygenated (O2Hb), deoxygenated (HHb), total 
(tHb) hemoglobin and tissue oxygen saturation (TSI%).12

Recent studies have used NIRS to investigate urologic con-
ditions.13-26

Case report 

The patient was a 14-month old boy, referred to the pedi-
atric urology clinic with left scrotal swelling, erythema and 
tenderness. He was irritable, had nausea and vomiting but 
was afebrile. Visited by a local physician a day before refer-
ral, he was prescribed antibiotics and analgesic agents, but 
was unresponsive to treatment. Physical examination of the 
genitalia revealed erythema and swelling of the left scrotal 
wall with left testicular tenderness and an intact cremasteric 
reflex. Body temperature was 37.2°C. Urinalysis showed 
white blood count as 1-2; red blood count as negative; 
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protein as 1+ and urine culture was ultimately negative. 
Urogenital ultrasonography reported a right undescended 
testis at the external inguinal ring with normal size and 
echogenicity. The left testis was enlarged with a normal 
echogenicity. Although direct evidence of testicular torsion 
was not observed, it did not rule the diagnosis out. CDU 
reported equivocal findings with a trend to epididymitis.

NIRS was used to compare the tissue saturation index 
(TSI%) of the right and left spermatic cords (Fig. 1).15

With the child supine, a miniature spatially resolved NRIS 
(SR-NIRS) device (PortaMon, Artinis, The Netherlands) was 
placed over each spermatic cord in turn with the near-infra-
red light emitter array and photodiode detector apposed 
to the skin over the cord. While the SR-NIRS was held in 
place for 1 minute, data were collected in real time from the 
spermatic cord and the TSI% was calculated. As a control 
measure, a similar comparison of tissue oxygen saturation 
was made between the vastus lateralis muscle of the right 
and left quadriceps. The left spermatic cord TSI% was sig-
nificantly lower than the measurement from the right cord 
(75.6% vs. 68.8%), while the left and right quadriceps TSI% 
were comparable (75.5% vs. 75.2%) (Fig. 2). 

The patient was transferred to the operation room. The 
surgical exploration of the scrotum revealed a non-viable 
left testis with 1080-degree intravaginal torsion (Fig. 3). 
Attempting to save the testis via detorsion was not feasible, 
we performed a left orchidectomy. The right testis was nor-
mal and secured via scrotal orchidopexy.

Discussion 

NIRS is an established non-invasive optical technique used 
to transcutaneously monitor changes in hemoglobin con-
centration in the microcirculation in real time in a variety 
of scientific and biomedical applications.16-21

The science of NIRS hinges on some of the fundamental 
principles of pulse oximetry as they relate to the transmission 
of light through living tissues and the absorption of light by 
tissue chromophores (naturally occurring compounds that 
absorb light [e.g., hemoglobin]). NIRS units use lasers or 
light-emitting diodes to transmit pulses of multiple wave-
lengths of light in the near infrared spectrum into tissues and 
optical sensors that detect returning photons after absorp-
tion by tissue chromophores. The changes in absorption at 
discrete wavelengths generate raw optical data that can be 
converted by mathematical software algorithms into real-
time concentration changes for each chromophore using a 
modification of the Beer-Lambert law. Several investigators 
have reported the relevance of NIRS as a potential entity for 
monitoring the blood supply of the testis; however, none 
of them used a NIRS device with spatially resolved optical 
geometry.7-11 SR-NIRS is an important evolution of NIRS as 
it enables an absolute measure of tissue oxygen saturation to 

be obtained. Spatially resolved devices are configured with 
2 or more emitters positioned at different distances from 
the detector, which allow the measurement of light inten-
sity as a function of distance. With appropriate algorithms, 
the ratio of oxygenated to total tissue hemoglobin can be 
calculated from which an absolute measurement of tissue 
oxygen saturation is made.24,25

We found that spermatic cord tissue oxygenation is 
reduced in the presence of demonstrated testicular torsion. 
Our case demonstrated this for the following reasons: the 
oxygenation was made in a young child; it used a newly 
available absolute measure of oxygenation; the data were 
available in real time; and the technique used a low-cost 
non-invasive optical technique with established relevance 
as a means of monitoring changes in hemodynamics and 
oxygenation. A number of NIRS devices have been used in 
the context of urology and for other biomedical applications; 
some are experimental, but a range of commercial devices 
exist, including the one used in this study.24,27

We recognize the limitation that this is a single case 
report. However, the reports of prior investigators of the 
potential for NIRS monitoring to contribute to the evalua-

Fig.1. The wireless near-infrared spectroscopy device positioned over the right 
spermatic cord for direct measurement of local tissue saturation index %.
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tion of testicular hemodynamics support our suggestion that 
SR-NIRS assessment of spermatic cord tissue oxygenation 
should be explored further. 

Conclusion 

This observation demonstrates the feasibility of using SR-NIRS 
to compare an absolute measure of tissue oxygenation in the 
spermatic cord as an adjunct to diagnose testicular torsion 
and associated testicular hypoxia. With further studies, this 
technique may offer a reliable, sensitive, safe, non-invasive, 
non-expensive, real time and rapid diagnostic option at the 
bedside, and could also be considered for monitoring the 
evolution of this condition and response to treatment. 
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Fig. 2. Tissue saturation index (TSI) % difference between the affected (left) versus the normal testis (right), while TSI% values of the right and left quadriceps 
muscles are comparable.

Fig. 3. Surgical exploration of the scrotum confirms a non-viable left testis with 
1080-degree intravaginal torsion.
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