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Abstract
Introduction: Varicocele is a dilatation of pampiniform venous plexus.
It is associated with male infertility, as it is found in more than 40% of male
partners in infertile couples. The main pathophysiological mechanism for
impaired spermastogenesis is considered to be elevated scrotal temperature.
Mainstay for diagnostic assessment of varicocele is physical examination
and scrotal ultrasound/doppler. Thermography is a diagnostic method
which measures temperature differences across the skin surface using a
highly sensitive infrared camera. Currently there is no consensus regarding diagnostic parameters for thermography in diagnosis of varicocele.
Aim of this study is to examine application of digital thermography in diagnosing varicocele.
Material and Methods: Study group consisted of 10 patients of mean
age 18.2 ± 2.4 (range = 15.5 to 23.7). In all patients varicocele was detected
incidentally on routine physical examination. All patients were evaluated
by three methods. Infrared digital thermography was followed by physical
examination and ultrasound/doppler. Infrared camera Thermo Tracer
TH7102WL (NEC Sanei Instruments, Ltd., Japan) was used during all
measurements. This infrared system has a geometric resolution of 76.800
pixels per picture (320 ´ 240) and the minimum detectable temperature
resolution (difference) is 0.07° C at 30°C (Normal mode).
Results: Mean temperature at left pampiniforum plexus was 34.65 ±
0.66°C (range = 34.1 to 36.3°C) and at right pampiniform plexus 32.53 ±
0.78°C (range=31.5 to 33.5°C). Temperature at left testicle was 33.58 ±
0.97°C (range = 32.1–35°C) while at right testicle it was 32.19 ± 0.81°C
(range = 31.2 to 33.5°C). Temperature at pampiniform plexus higher
than 34°C presents main thermographic sign of varicocele, while temperature at testicle higher than 32°C is indicative of varicocele. Temperature
difference between left and right pampiniform plexus was 2.12 ± 1.08°C
(range = 0.9 to 4.7°C), and between testicles was 1.39 ± 1.20°C (range =
0.1 to 3.6°C). Thermography successfully confirmed varicocele diagnosis
in all patients.
Conclusion: Digital infrared thermography presents feasible and low
cost diagnostic method for varicocele. Further study on a larger number of
patients and healthy participants is needed to evaluate sensitivity and specificity of this method and to establish consistent diagnostic parameters for
thermographic assessment of varicocele.
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INTRODUCTION

V

aricocele is a dilatation of pampiniform venous plexus. The incidence of varicocele is about 15% in male
population (1). It is associated with male infertility, as it
is found in more than 40% of male partners in infertile
couples (2). It presents common and treatable cause of
male infertility.

Pampiniform plexus is commonly dilated due to the
back flow of the venous blood within the spermatic veins
(3). The etiology and pathophysiology of varicocele appears complex and multifactorial. Varicocele might cause
decrease in testicular volume, impair sperm quality and
Leydig cell function (4-7). Increased pressure in the
spermatic veins, depleted oxygen, increased heat injury
and presence of toxins in the spermatic veins have all
been suggested to affect sperm quality in patients with
varicocele (4-7).
Most varicoceles are left sided, possibly due to anatomical configuration with a more vertical inlet of the internal spermatic vein to the renal vein as opposed to a
more oblique inlet on the right. However, recent studies
have shown varicocele to be bilateral disease (8, 9): with
usually, subclinical varicocele on the right side. Subclinical varicocele refers to the presence of retrograde
blood flow that cannot be detected by careful palpation of
the cord during Valsalva maneuver and requires radiographic imaging for diagnosis (10). Currently, the standard for diagnostic assessment of varicocele is physical
examination and scrotal ultrasound/doppler (11). Nevertheless, scrotal thermography was demonstrated as a
useful diagnostic method, especially in low grade varicocele (8, 11, 12). Recent development of digital infrared
thermographic Focal plane array cameras offers the opportunity to revitalize this diagnostic method and further
improve its accuracy.
The aim of this study is to examine the application of
digital thermography in patients with already diagnosed
varicocele.
PATIENTS AND METHODS
Study group consisted of 10 patients of mean age 18.2
± 2.4 (range = 15.5–23.7) who are football players. In all
patients varicocele was detected incidentally on routine
physical examination before a football season. The hospital ethics committee approved the study, and all the patients signed informed consent before the examinations.
All patients were evaluated by three methods. Infrared
digital thermography was followed by physical examination and ultrasound/doppler. None of the patients reported previous episodes of cryptorchidism, hydrocele or
testicular trauma. All data are reported as mean ± standard deviation.
Scrotal infrared digital thermography
For all measurements we used infrared camera Thermo Tracer TH7102WL (NEC Sanei Instruments, Ltd.,
Japan). This infrared system has a geometric resolution
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of 76.800 pixels per picture (320 ´ 240) and the minimum detectable temperature resolution (difference) is
0.07°C at 30°C (Normal mode). For experimental purposes we developed the Thermo WEB software for remote control and transferring data from infrared camera
TH7102WL to a computer, which is designed to be used
further as an open source thermoscan analyses software
(13). This software supports thermal analysis and image
presentation, in numerical or graphical forms, of temperature values of any part of surface inside the thermographic scan.
Before thermographic imaging patients spent 10 minutes in climatised room (22–23°C) with undressed lower
part of the body. Thermographic imaging was carried in
climatised room as well (22–23°C). Patients were standing with legs stretched and scrotum hanging freely. To
avoid incorrect measurement, patients were holding tip
of the penis with one hand to the abdominal wall. Position of camera was around 40cm from the scrotum. We
have taken three images for each patient. First image at
the start of the examination, second during Valsalva maneuver and third shortly after Valsalva maneuver. For
later analysis all three images were used.
Physical and ultrasound/doppler
examination
Patients were examined in upright position with and
without Valsalva maneuver. Criteria for grading varicocele were the following: grade 1, varicocele palpable
only during the Valsalva maneuver; grade 2, varicocele
palpable in standing position; and grade 3, varicocele visible/evident without palpation.
For ultrasound 7.5MHz linear transducer was used.
The diameter of largest pampiniform vein identified during the ultrasound examination was measured. Diameter larger than 2mm was indicative for varicocele and if
larger than 3mm was considered unequivocal of varicocele.
RESULTS
At physical examination all patients had varicocele,
three patients had varicocele grade I, six had grade II,
and one had grade III. At ultrasound/doppler in all patients diameter of pampiniform veins were larger than
2mm, with positive reflux longer than 1 second during
Valsalva maneuver. Mean temperature at left pampiniform plexus (TLP) was 34.65 ± 0.66°C (range = 34.1 to
36.3°C) and at right pampiniform plexus (TRP) 32.53 ±
0.78°C (range = 31.5 to 33.5°C). Temperature at left testicle (TLT) was 33.58 ± 0.97°C (range = 32.1 to 35°C)
while at right testicle (TRT) it was 32.19 ± 0.81°C (range
= 31.2 to 33.5°C) (Table 1).
Temperature difference (DTLP-RP) between left and
right pampiniform plexus was 2.12 ± 1.08°C (range =
0.9 to 4.7°C), and between testicles (DTLT-RT) was 1.39 ±
1.20°C (range = 0.1 to 3.6°C). In all patients DTLP-RP at
pampiniform plexuses was ³ 0.9°C. Thermography successfully confirmed varicocele diagnosis in all patients
(Figure 1).
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TABLE 1
Measured temperature (°C) at points of interest.

Temperature
Mean
Median
Standard Deviation
Minimum
Maximum
Confidence Level(95,0%)

LP

RP

LT

RT

DT_LPRP

DT_LTRT

34.65
34.40
0.66
34.1
36.3
0.47

32.53
32.60
0.78
31.5
33.5
0.56

33.58
33.85
0.97
32.1
35.0
0.70

32.19
32.15
0.81
31.2
33.5
0.58

2.12
1.70
1.08
0.9
4.7
0.77

1.39
1.25
1.20
0.1
3.6
0.86

n=10, Abbreviations: L, left; R, right; P, pampiniform plexus; T, testicle; D, temperature difference.

was <32°C. Merla et al. stated that temperature of
pampiniform plexus higher than 34°C and/or testicle
higher than 32°C indicates toward varicocele (14).
Tucker suggested that Valsalva maneuver could aid in
varicocele diagnosis and that in normal settings (i.e. lack
of venous reflux) it causes temperature to drop for 0.5°C
(15). In our series we did not registered similar effect.
Nogueira and Yamamoto stated that temperature difference
between left and right pampiniform plexus (DTLP-RP)
higher than 0.8°C and 0.3°C respectively is a sign of unilateral varicocele (12, 16). Firstly, it is important to stress
that this sign should be counted just in the case of unilateral varicocele. Secondly, in our series in all patients
DTLP-RP was ³0.9°C, thus supporting this observation.

Figure 1.

Scrotal infrared digital thermography of the patient with
left sided varicocele. Graph shows temperature change between right
and left side at the level of pampiniform plexuses and testicles.

DISCUSSION
Various diagnostic criteria for varicocele were suggested based on digital thermography imaging. However, standardized diagnostic criteria for varicocele with
this method have not yet been established.
Ten patients with known left sided varicocele participated in this study. Thermography, with our protocol
confirmed diagnosis of left sided varicocele in all patients. In our series, all patients had TLP higher than
34°C and TLT higher than 32°C, while on the right side
in all patients TRP was <34°C and in 40% of patients TRT
Period biol, Vol 113, No 4, 2011.

Infrared thermography allows imaging of the surface
thermal distribution. Overlaying skin temperature depends on the complex relationships of heat exchange between skin tissue, inner tissue, local vasculature, and
metabolic activity. Testicles hang freely in scrotal sacs and
have 3–4°C lower temperature than core body temperature (17). Important in maintenance of this lower temperature is heat clearance by pampiniform plexus. Therefore venous stasis in varicocele may cause elevated
temperature of affected pampiniform plexus and/or testicle. Furthermore, recent study have demonstrated that
impaired venous drainage leads to subsequent testicular
hypoxia in the sperm production site (18). Effect of increased scrotal temperatures and hypoxia is impairment
of male fertility. Current mainstay of varicocele diagnosis
are physical examination and ultrasound/color doppler
examination (11). Physical examination is subjective and
furthermore it is insufficient in detecting small and subclinical varicocele (19). Potential disadvantages of ultrasound/doppler are that it chiefly depends on examiners
experience and subjective impression and interpretation
factors of the examiner. In addition, application of ultrasound in postoperative follow up is limited (20). On the
other hand, thermography could provide an objective
evaluation of subclinical varicocele (19, 21) and may
prove useful in postoperative follow up- provided the criteria for diagnosis of varicocele prove reliable enough to
reach a wider consensus. Potential disadvantage of scrotal thermography is inability to distinguish between vari451
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Figure 2.

Scrotal infrared digital thermography of the patient with
left sided varicocele grade III. Circles are placed at reference points
with number indicating average temperature within the circle.

cocele and other scrotal pathology (i.e. testicular tumor,
epididymitis).
Importance of detecting a subclinical varicocele lies in
the fact that size of the varicocele does not influence fertility. In fact, even a subclinical varicocele can have damaging effect on sperm production (10). Bilateral varicocelectomy is reported to be useful in case of left clinical
and right subclinical varicocele (22-25). Subsequent, enhancement in sperm production and fertility rate support
this approach (22, 23). However, some authors oppose to
the benefits of bilateral varicoceletomy (26).
Drawback of our study is lack of the control group
which would enable to properly evaluate for the presence
of right sided subclinical varicocele.
In our study, thermography successfully confirmed
diagnosis of left sided varicocele (Figure 2). However, it
should be noted that further studies are needed to establish reliable diagnostic criteria for scrotal thermography
and to aid in diagnosing of right sided subclinical varicocele.
To conclude, digital infrared thermography presents
feasible, low cost diagnostic method with possibly high
sensitivity for varicocele. Further study on a larger number of patients and healthy participants is needed to evaluate sensitivity and specificity of this method and to establish consistent diagnostic parameters for thermographic
assessment
Note: Presented at the 53rd International Symposium
ELMAR-2011, 14-16 September 2011, Zadar, Croatia and
in shorter form published in book of proceedings.
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