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Abstract
Purpose: There are no diagnostic recommendations for the evaluation of men prior to therapeutic 
intervention for clinical varicoceles. The aim of this study was to define a simple and reliable 
hemodynamic parameter predicting the presence of reflux in clinical varicoceles (grade II/III) 
compared to the gold-standard of venography.

Methods: Data were retrospectively collected on men presenting to a tertiary referral center with 
subfertility/infertility, testicular pain or palpable mass over an 11-year period (2004-2015). Men 
with clinical varicoceles (defined as grade II/III) underwent color doppler ultrasound (CDU) and 
maximum venous diameter (MVD) was measured and correlated to reflux at venography, at the 
time of therapeutic embolization. Receiver-operator characteristic analyses identified the threshold 
MVD to detect reflux.

Results: A total of 107 men (70 unilateral, 37 bilateral) underwent CDU. From all, 144 testis units 
were included with a mean MVD of 3.5 mm (range 2 mm to 7 mm). CDU-reflux is demonstrated 
in 108 of 144 (75.0%) testes and 97 testes underwent venography of which 73 (75.3%) had 
demonstrable reflux. MVD in testes with venography-detected reflux was 4.0 mm (range 2 mm 
to 7 mm) compared to 2.7 mm (range 2 mm to 4 mm) in those without reflux (p<0.01). The 
optimal MVD for discriminating men with and without venography-diagnosed reflux was 3.0 mm 
(sensitivity-95.9%, specificity-58.3%, correctly-classified 86.6%, AUC=0.86). MVD ≥ 3 mm was a 
more accurate discriminator for identifying patients with venography-reflux compared to CDU-
reflux alone (correctly-classified 82.5%, AUC=0.73).

Conclusions: A threshold value MVD ≥ 3 mm accurately identifies more men with proven 
venography-reflux than using CDU-detected reflux. MVD is a simple parameter that can be used to 
stratify men with clinical varicoceles, who may benefit from therapeutic intervention.
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Introduction
A varicocele is defined as an abnormal venous dilatation of the pampiniform plexus of veins 

and is present in approximately 15% of the general population and in up to 35% of men evaluated 
for infertility [1,2]. The etiology of varicoceles is not fully understood but the condition is associated 
with anomalous reflux of blood into the pampiniform plexus. It has been suggested that the 
ensuing venous dilatation and stasis leads to an increase in scrotal temperature. Other pathological 
mechanisms proposed include testicular venous hypertension, autoimmunity, reflux of adrenal 
catecholamines and the so called nutcracker phenomenon [3]. However, it appears that venous 
reflux is the main underlying mechanism leading to the pathological effects on testicular function 
[4,5].

Varicoceles are commonly diagnosed by physical examination (PE) and graded according 
to the classification published by Dubin and Amelar [6] and later updated by the World Health 
Organization [7]. Clinical varicoceles are those detectable by visual inspection or palpation associated 
with anomalous reflux. Subclinical varicoceles are those that cannot be detected by PE alone but 
rely on adjunctive diagnostic modalities for detection, although the pathological significance of the 
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subclinical sub-type is unknown. However, contemporary guidelines 
do not advocate the treatment of subclinical varicoceles [8].

The significance of varicoceles and their treatment in sub-fertility 
remains controversial. A meta-analysis reported that although 
varicocelectomy has well-established efficacy in improving seminal 
parameters in sub-fertile men with clinical (palpable or visible) 
varicoceles, the impact of treatment on pregnancy rates has not been 
confirmed [9]. The importance of reflux is reinforced by studies 
showing reflux prior to intervention correlated with an improvement 
in seminal parameters [10,11]. For subclinical varicoceles current 
data suggests that repair for male factor infertility is not beneficial [9].

Guidelines from the European Association of Urology and 
American Urological Association recommend initial diagnosis of a 
varicocele should be ascertained by PE but there is no consensus on 
whether ultrasound should be used in all cases or only when PE is 
inconclusive [8,12]. Although PE is the standard diagnostic method 
of detection for varicoceles, it is subjective, limited by inter-physician 
variability and does not determine reflux. Furthermore, diagnostic 
ultrasound can exclude other significant pathologies in men who 
present with testicular pain prior to an intervention [13].

Several diagnostic modalities in addition to PE exist to detect 
varicoceles [14]. Venography is established in many studies as the gold 
standard in detecting venous reflux but is invasive and not routinely 
used as a diagnostic tool [15]. Color doppler ultrasound (CDU) is 
the most commonly used method for detection and classification 
of varicoceles [16]. It has greater diagnostic accuracy compared to 
PE alone but is also limited by being operator-dependent [14,17]. 
A number of studies have evaluated the predictive value of PE and 
CDU parameters including venous diameter (VD) at diagnosing 
CDU-reflux [18-23], but a consensus threshold value to define 
clinical varicoceles using VD does not exist. Various CDU-based 
classification systems have been suggested with the most commonly 
used by Chiou et al. [23] and Sarteschi [24]. However, these systems 
differ from each other, remain complex and are not routinely used in 
clinical practice.

VD is an easily obtainable simple measurement but studies 

comparing this measurement to the gold standard of venography 
are limited. The objectives of this study were to determine whether 
VD and venous reflux on CDU correlated with a clinical varicocele 
(grade II/III) confirmed with venography. We also sought to define a 
measurement of maximum venous diameter (MVD) that can be used 
as a diagnostic threshold for men presenting with clinical varicoceles.

Patients and Methods
In this retrospective clinical review, men presenting to a tertiary 

referral center for sub-fertility/infertility, testicular pain or a palpable 
mass were assessed for the presence of a clinical varicocele from July 
2004 to May 2015. Institutional review was not required for this 
study but the study was performed strictly according to the clinical 
governance regulations and policies at our institution. A clinical 
varicocele was defined as grade II or grade III on PE according to 
WHO criteria [7].

Technique of color doppler ultrasound
All men underwent CDU scanning by uro-radiologists using a 

high frequency (14 MHz) linear probe on appropriate scrotal settings 
in the supine position. Parameters assessed were testicular volume, 
MVD and the presence or absence of venous reflux. MVD was 
defined as diameter of the largest vein in the pampiniform plexus and 
was measured at rest. The presence or absence of reflux was evaluated 
by assessing augmentation on Valsalva also in the supine position as 
part of our standardized protocol.

Venography and embolization
Of all subjects, 72 men (67%) elected to have radiological 

embolization, all of whom underwent renal vein and gonadal 
venography as part of the procedure. Venography was performed 
via a right internal jugular vein approach in the supine position. 
Demonstration of retrograde contrast flow to the gonadal vein when 
the patient performed Valsalva was the criterion for venography-
reflux. If reflux was not demonstrated on venography then 
embolization was not performed.

Statistical analysis
MVD was sub-divided into varicoceles of less than 2.5 mm; 

2.5 mm to 3.0 mm; 3.0 mm to 4.0 mm and greater than 4 mm. 
The optimal threshold, sensitivity and specificity for MVD were 
determined by receiver-operator characteristic (ROC) analyses. The 
optimal operating point of the ROC curve was chosen as the value 

No. Testes units 144

Age (years)

20-29 21 (14.5)

30-39 79 (54.9)

>40 44 (30.6)

Venous Diameter (mm)

<2.5 12 (8.3)

2.5-2.9 27 (18.8)

3.0-3.9 48 (33.3)

>4.0 57 (39.6)

CDU

Reflux absent 36 (25.0)

Reflux present 108 (75.0)

Venography (97 testes)

Reflux absent 24 (24.7)

Reflux present 73 (75.3)

Table 1: Demographics, colour doppler ultrasound (CDU) and venography 
findings in men with grade II or III varicoceles.
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Figure 1: Receiver-operator character (ROC) analysis for venous diameter 
(VD) and colour doppler ultrasound (CDU)-detected reflux: 144 testes units 
underwent CDU and the optimal VD threshold was ≥ 2.7 mm with an area 
under the ROC curve of 0.93.
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that produced the highest percentage of correctly classified patients. 
Mann-Whitney U test was used to compare groups with reflux present 
and absent. A logistic regression model was generated and univariate 
analysis was performed to assess association of study variables with 
venography-reflux (p<0.01 was considered statistically significant). 
Stata® version 14 (Stata Corp, College Station, Texas, USA) was used 
for all statistical calculations.

Results
In total, 107 men underwent CDU for clinical varicoceles (defined 

as grade II or III) on PE and among all, 70 men had a unilateral left-
sided varicocele and 37 men had bilateral varicoceles. In total, 144 
testis units were included in the study. The mean age was 37 years 
(range 20 to 60 years) and mean MVD was 3.5 mm (range 2 mm to 
7 mm) (Table 1).

Color doppler ultrasound
Among 144 testes, 108 (75%) were found to have reflux on CDU. 

The mean MVD in men with CDU-diagnosed reflux was 3.9 mm 
(range 2.5 mm to 7 mm) compared to 2.5 mm (range 2.0 mm to 3.3 
mm) in those without reflux (Mann-Whitney U test, p<0.01).

A ROC analysis identified the optimal threshold value for 
discriminating men with and without CDU-diagnosed reflux as ≥ 2.7 
mm (sensitivity 94.4%, specificity 72.2%, correctly-classified 88.9%, 
AUC=0.93) (Figure 1).

Venography
At the time of therapeutic embolization, 97 testes units underwent 

venography to assess venous incompetence. Of these, 78 had reflux 
present on CDU and 19 did not. Of the 19 testes without CDU-reflux, 
13 did not demonstrate reflux on venography and 6 were found to 
have reflux on venography (Table 2A-2C).

Out of 97 testes 73 (75.3%) underwent venography displayed 
reflux on venography and underwent embolization. The MVD in 
men with venography-detected reflux was 4.0 mm (range 2 mm to 7 
mm) compared to 2.7 mm (range 2 mm to 4 mm) in those without 
reflux (Mann-Whitney U test, p<0.01).

ROC analysis identified the optimal threshold value for 
discriminating men with and without venography diagnosed reflux 
as ≥ 3.0mm (sensitivity 95.9%, specificity 58.3%, correctly-classified 
86.6%, AUC=0.86) (Figure 2).

Among 97 testes 84 (86.6%) were correctly classified as having 
venography-reflux using a threshold MVD ≥ 3 mm compared to 80 
out of 97 testes (82.5%) using absence or presence of CDU-reflux. A 
combination of MVD ≥ 3 mm and CDU-reflux did not increase the 
proportion of correctly classified men with reflux on venography (78 
out of 97 testes (80.4%) compared to MVD alone (Table 2A-2C).

Logistic regression
A logistic regression model was generated to determine factors 

predicting presence of venography-reflux. On univariable analysis 
MVD ≥ 3 mm (OR 32.7, 95% CI 7.96-134.1, p<0.001) and CDU reflux 
(OR 22.3, 95% CI 6.79-73.7, p<0.001) were significant predictors of 
venography reflux. Age (OR 0.96, 95% CI 0.90-1.01, p=0.15) was not 
significantly related to the presence of venography-reflux.

Discussion
There is currently no universally accepted definition for a clinical 

varicocele based on ultrasound criteria, and existing classifications 
remain highly complex. This study reports on a large series of patients 
who had both MVD measured on ultrasound and reflux diagnosed 
on venography. It demonstrates that MVD is a simple hemodynamic 
parameter, which can be used to correctly identify most patients with 
reflux on venography and thus those patients more likely to benefit 
from treatment.

In the current study, ultrasound imaging was performed in all 
men before venography allowing exclusion of other pathological 
causes of scrotal pain and is supported in a previous study [25]. It can 
also be used to document the presence of reflux with the assumption 
that reflux is the mechanism leading to the pathological effects of a 
varicocele. In support of this, studies have demonstrated the absence 

Maximum venous diameter
Venography-reflux

Total
absent present

<3mm 14 3 17

≥ 3mm 10 70 80

Total 24 73 97

Table 2A: Comparison of testes with venous diameter ≥ 3 mm and venography-
detected reflux.

Correctly classified: 84/97 (86.6%), AUC=0.857.

CDU-reflux
Venography-reflux

Total
absent present

absent 13 6 19

present 11 67 78

Total 24 73 97

Table 2B: Comparison of testes with CDU-detected reflux and venography-
detected reflux.

Correctly classified: 80/97(82.5%), AUC=0.7297.

Venography-reflux
Total

absent present

VD<3 mm & CDU-reflux absent 11 3 14

VD<3 mm & CDU-reflux present 3 0 3

VD ≥ 3 mm & CDU-reflux absent 2 3 5

VD ≥ 3 mm & CDU-reflux present 8 67 75

Total 24 73 97

Table 2C: The effect of a maximum venous diameter with a threshold of 3 mm 
and CDU-reflux on the presence of venography reflux.

Correctly classified: 78/97 (80.4%).
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Figure 2: Receiver-operator character (ROC) analysis for venous diameter 
(VD) and venography - detected reflux: 97 testes units underwent venography 
and the optimal VD threshold was ≥ 3 mm with an area under the ROC curve 
of 0.86.
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of reflux in men who have had a varicocele treated successfully 
following surgery [26]. Historically, operative intervention for 
clinically palpable varicoceles has been based solely on PE findings 
without further diagnostic imaging to detect reflux. This study 
has shown that 1 in 4 men did not have reflux on CDU (25%) and 
venography (24.7%) and would have potentially been over-treated if 
they were operated on the basis of PE alone.

In this study, a threshold value ≥ 3 mm on univariate logistic 
regression was shown to be a stronger predictor than CDU-detected 
reflux in predicting reflux diagnosed by venography. The presence of 
CDU-detected reflux in addition to a MVD ≥ 3 mm did not improve 
diagnostic accuracy.

A consensus threshold value to define the presence of a varicocele 
using VD does not exist (Table 3). The studies conducted in Table 
3 have used values ranging from 2.0 mm to 5.7 mm to define a 
clinical varicocele. It is difficult to interpret these values given the 
heterogeneity of subjects and conditions used to perform CDU. 
The largest study reported that varicoceles (Grade I to III) detected 
on PE could be predicted using a VD threshold of 2.45 mm at rest 
or 2.95 mm during Valsalva with a sensitivity and specificity above 
80% [18]. Hoekstra and Witt [19] used CDU to show that reversal of 
flow was only present when the internal spermatic vein diameter was 
greater than 3.5 mm and did not occur below 2.5 mm. Other studies 
have identified different thresholds of VD also using CDU-reflux as 
a comparative standard alone without comparison to venography 
(Table 3) [20-22]. The present study has shown that CDU-reflux 
accurately classifies fewer patients than venous diameter ≥ 3 mm. 
Venography is also widely acknowledged in the literature to be more 
reliable than CDU at detecting reflux though is used less frequently 
due to its invasiveness, cost and contrast exposure [15,27].

Three other studies have utilized venography in their diagnostic 
protocol (Table 4). Trum et al. [14] reported a sensitivity and specificity 
of 97% and 94%, respectively of detecting varicoceles using reflux of 
greater than 1 second on CDU in comparison to venography-reflux. 
This study reported on grade I-III varicoceles and did not report 

on the use of VD as a predictive parameter. Reflux of greater than 
1 second on CDU correctly classified 95.2% of the 31 patients who 
underwent venography. The study was limited by sample size and also 
underestimating the number of false positives and false negatives as 
bilateral varicoceles were counted as having reflux even if only one 
testicle demonstrated reflux. Ten percent of varicoceles in this study 
were bilateral therefore the actual percentage of correctly classified 
patients was lower than stated. The current study avoids this by 
presenting results for individual testis units. Results from the current 
study showed a threshold of MVD ≥ 3 mm correctly predicted more 
patients with venography-reflux than those with CDU-reflux (86.6% 
versus 82.5% correctly classified, respectively). The current study also 
only included clinical varicoceles (grade II/III) since the pathological 
significance of grade I varicoceles remains controversial.

Eskew et al. [28] conducted a prospective study of 33 men and 
identified internal spermatic vein diameter as the most accurate 
predictor of venography-detected varicoceles. The authors reported 
3.6 mm as the optimal cut-off point with an accuracy of 63%. The 
current study derived the optimal threshold from a larger sample 
and found 3mm to be more accurate (86.6%) than the value used by 
Eskew. Petros et al. compared CDU to venography in 14 men and 
reported that CDU-reflux had an accuracy of only 82.4% compared 
to venography (16) (Table 3).

Other studies have suggested that VD alone is not sufficient to 
detect the presence of a varicocele. Kocakoc et al. [29] advocated the 
measurement of flow volume since it reflects a combination of venous 
diameters, duration and velocity of reflux. Chiou et al. [23] proposed 
a scoring system incorporating MVD, the sum of the diameters of the 
veins in the plexus and change of flow on Valsalva which was shown 
to be more sensitive and specific at diagnosing varicoceles compared 
to using a venous diameter measurement of 3 mm. Neither of these 
studies however compared findings to venography-detected reflux. 
Reproducibility of doppler measurements makes the application of 
this scoring system to routine clinical practice more challenging and 
difficult. In the absence of a universally agreed validated classification 
system for assessing reflux, MVD provides a simple and objective 

Author Type of Study Number of men/
Definitions

Type(s) of 
Imaging used Radiological criteria used Conclusion

Pilatz et al. [18] Prospective Comparison of varicoceles 
on PE to CDU diagnosed VD & reflux

217 (129 clinical 
varicoceles/88 controls) 
Clinical varicocele: PE 
(standing) and WHO 

criteria: Grade I, II & III

CDU

VD>2.45 mm at rest 
(supine) 

VD>2.95 mm during 
Valsalva (supine)

Clinical varicoceles can be 
predicted using VD cut-point 
values of 2.45 mm in rest or 
2.95 mm during Valsalva. 

Sensitivity >80%, Specificity 
>80%.

Hoekstra et al. [19]
Prospective Comparison of palpable & 
non-palpable varicoceles (on PE) to VD 

of internal spermatic vein on CDU.

78 men 156 testicles (56 
with palpable internal 

spermatic vein)
CDU Internal spermatic VD

Internal spermatic vein with 
diameters <3 mm are non-

palpable on PE. 
US reversal of flow occurred 
in all cases when VD >3.5 

mm.

Aydos et al. [20]
Retrospective 

Comparison of CDU and physical 
examination

39 men 18 men clinical 
varicocele 21 men 

without clinical varicocele
CDU VD

In men with varicocele VD 
>2 mm. In men without 
varicocele VD <1.8 mm

Orda et al. [21]
Prospective Comparison of left spermatic 
cord vein diameter in clinical varicoceles 

(physical examination) to controls.

20 men (clinical 
varicoceles) 18 men 

(controls)

B-mode 
gray scale 
ultrasound

VD
Clinical varicoceles >4.5 mm 
(standing position) and >5.7 

mm during Valsalva.

Wolverson et al. 
[22]

Retrospective Comparison of scrotal vein 
diameter in clinical varicocele (palpable 

physical examination) and controls
13 men Doppler 

Ultrasound VD Clinical varicoceles ranged 
from 2 mm – 5 mm

Chiou et al. [23]

Prospective Comparison of CDU venous 
diameter to clinical varicocele (physical 

examination – negative/uncertain/
positive) Versus new CDU criteria

64 men (127 testis) 
59 testis positive 57 

testis negative 11 testis 
uncertain

CDU

Traditional: VD >3 mm 
Scoring system: VD, 

sum of diameter of veins, 
change of flow during 

Valsalva

Traditional: sensitivity 53% 
& specificity 91%.

Scoring system: sensitivity 
93% & specificity 85%

Table 3: Studies comparing physical examination (PE), venous diameter (VD), scoring systems to colour doppler ultrasound (CDU) reflux.
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measure not confounded by previously mentioned factors.

The limitations to this study are that this is a single-center, 
retrospective and non-randomized study. Although we controlled 
for technique by using a standardized approach for both CDU and 
venography, there were certain factors that were not possible to 
control including room temperature which can affect venous diameter 
measurements. Furthermore, venography may be inaccurate in the 
diagnosis of reflux; inaccurate placement of catheter tip, performing 
venography under high pressure and anatomical variations can lead 
to false-positive and false-negative results [15,23,30].

Despite this, the current study has shown a threshold of ≥ 3 mm 
correctly classified 87% of patients with venography-detected reflux. 
This finding is comparable and in most cases superior to current 
existing parameters. There are no universally accepted criteria for the 
diagnosis of a clinical varicocele. Given that it is likely to be impossible 
to define criteria that are completely accurate, an attempt to simplify 
diagnostic radiological criteria currently used to define and ultimately 
treat varicoceles, with easily replicated and reproducible thresholds 
should be made. A threshold value for MVD ≥ 3 mm when compared 
to venography provides a simple and accurate method for identifying 
clinical varicoceles.

Conclusions
Maximum venous diameter is a simple hemodynamic parameter 

that can be readily determined in patients with clinical varicoceles. 
This study has shown that a threshold value ≥ 3 mm can accurately 
predict reflux diagnosed by the gold standard of venography, whilst 
accurately stratifying men with clinical varicoceles, who may benefit 
from therapeutic intervention. The additional presence of CDU-
detected reflux did not improve diagnostic accuracy.

Authors Contribution
A Sujenthiran: Protocol/project development; Data collection or 

management; Data analysis; Manuscript writing/editing

S Abumelha: Data collection or management; Manuscript 
writing/editing

T Yap: Protocol/project development; Data collection or 
management; Data analysis; Manuscript writing/editing

F Al Mashat: Data collection or management; Manuscript 
writing/editing

A Kirkham: Protocol/project development; Manuscript writing/
editing

M Walkden: Protocol/project development; Manuscript writing/
editing

S Minhas: Protocol/project development; Data collection or 
management; Data analysis; Manuscript writing/editing

Compliance with Ethical Standards
Institutional review was not required for this study but the 

study was performed strictly according to the clinical governance 
regulations and policies at our institution.

References
1. Greenberg SH. Varicocele and male fertility. Fertil Steril. 1977;28(7):699-

706.

2. Dubin L, Amelar RD. Etiologic factors in 1294 consecutive cases of male 
infertility. Fertil Steril. 1971;22(8):469-74.

3. Miyaoka R, Esteves SC. A critical appraisal on the role of varicocele in male 
infertility. Adv Urol. 2012;2012:597495.

4. Zampieri N, Cervellione RM. Varicocele in adolescents: a 6-year 
longitudinal and followup observational study. J Urol. 2008;180(4):1653-6.

5. Chen SS, Chen LK. Risk factors for progressive deterioration of semen 
quality in patients with varicocele. Urology. 2012;79(1):128-32.

6. Dubin L, Amelar RD. Varicocele size and results of varicocelectomy in 
selected subfertile men with varicocele. Fertil Steril. 1970;21(8):606-9.

7. WHO. Manual for the standardized investigation, diagnosis and 
management of the infertile male. Oxford: Cambridge University Press, 
UK; 2000.

8. Jungwirth A, Diemer T, Kopa Z, Krausz C, Tournaye H. Guidelines 
on male infertility. Arnhem: European association of Urology, The 
Netherlands; 2015.

Author Type of Study No. of pts. /
Definitions

Type(s) of Imaging 
used

Radiological criteria 
used Conclusion

Trum et al. 1996 [14]

Prospective
Assess accuracy of CDU at 
detecting a varicocele compared 
to venography.

63 men
CDU diagnosed 
varicocele if reflux 
present with or without 
Valsalva occurred for 
>1second. 31 men 
underwent venography.

CDU
Venography

Pathological reflux on 
CDU if > 1 second.

CDU-reflux > 1second has 
a sensitivity of 97% and 
specificity of 94% at detecting 
varicocele compared to 
venography.

Eskew et al. 1993 [28] 

Prospective
Assess the ability of CDU 
to confirm diagnosis of 
clinical varicocele (from PE & 
venography)

33 men CDU
Venography

Internal spermatic vein 
diameter

Best predictor of varicocele 
was internal spermatic VD 
(supine, resting)
Best cut-off point for venous 
diameter for a clinical 
varicocele was 3.6mm (63% 
accuracy)

Petros et al. 1991
Abstract only available 
[17]

Comparison of PE, CDU to 
venography in detection of 
varicoceles

14 men CDU
Venography

No data on CDU 
parameters 

PE (71% detection rate of 
varicocele cf to venography)
CDU (93% sensitivity/33% 
specificity) cf to venography)

Current Study
2017

Identifying optimal venous 
diameter threshold for CDU-
detected reflux and venography-
detected reflux 

144 testes (CDU)
97 testes (venography) CDU

Venography VD

CDU-reflux: VD ≥ 2.7mm 
(94.4% sensitivity, 72.2% 
specificity)
Venography-reflux: VD ≥ 
3.0mm (95.9% sensitivity, 
58.3% specificity)

Table 4: Studies comparing to physical examination (PE), venous diameter (VD), colour Doppler ultrasound (CDU) reflux to venography reflux.

http://www.ncbi.nlm.nih.gov/pubmed/326581
http://www.ncbi.nlm.nih.gov/pubmed/326581
https://www.ncbi.nlm.nih.gov/pubmed/4398669
https://www.ncbi.nlm.nih.gov/pubmed/4398669
http://www.ncbi.nlm.nih.gov/pubmed/22162682
http://www.ncbi.nlm.nih.gov/pubmed/22162682
http://www.ncbi.nlm.nih.gov/pubmed/18715592
http://www.ncbi.nlm.nih.gov/pubmed/18715592
http://www.ncbi.nlm.nih.gov/pubmed/22055689
http://www.ncbi.nlm.nih.gov/pubmed/22055689
http://www.ncbi.nlm.nih.gov/pubmed/5433164
http://www.ncbi.nlm.nih.gov/pubmed/5433164
http://www.who.int/reproductivehealth/publications/infertility/0521774748/en/
http://www.who.int/reproductivehealth/publications/infertility/0521774748/en/
http://www.who.int/reproductivehealth/publications/infertility/0521774748/en/
https://uroweb.org/guideline/male-infertility
https://uroweb.org/guideline/male-infertility
https://uroweb.org/guideline/male-infertility


Arunan Sujenthiran, et al., Annals of Urological Research

Remedy Publications LLC. 2017 | Volume 1 | Issue 1 | Article 10036

9. Baazeem A, Belzile E, Ciampi A, Dohle G, Jarvi K, Salonia A, et al. 
Varicocele and male factor infertility treatment: a new meta-analysis and 
review of the role of varicocele repair. Eur Urol. 2011;60(4):796-808.

10. Hussein AF. The role of color doppler ultrasound in prediction of 
the outcome of microsurgical subinguinal varicocelectomy. J Urol. 
2006;176(5):2141-5.

11. Donkol RH, Salem T. Paternity after varicocelectomy: preoperative 
sonographic parameters of success. J Ultrasound Med. 2007;26(5):593-9.

12. Male Infertility Best Practice Policy Committee of the American 
Urological Association; Practice Committee of the American Society for 
Reproductive Medicine. Report on varicocele and infertility. Fertil Steril. 
2004;82(1):S142-5.

13. Liguori G, Trombetta C, Garaffa G, Bucci S, Gattuccio I, Salamè L, et 
al. Color doppler ultrasound investigation of varicocele. World J Urol. 
2004;22(5):378-81.

14. Trum JW, Gubler FM, Laan R, van der Veen F. The value of palpation, 
varicoscreen contact thermography and colour doppler ultrasound in the 
diagnosis of varicocele. Hum Reprod. 1996;11(6):1232-5.

15. Lee J, Binsaleh S, Lo K, Jarvi K. Varicoceles: the diagnostic dilemma. J 
Androl. 2008;29(2):143-6.

16. Valentino M, Bertolotto M, Derchi L, Pavlica P. Children and adults 
varicocele: diagnostic issues and therapeutical strategies. J Ultrasound. 
2014;17(3):185-93.

17. Petros JA, Andriole GL, Middleton WD, Picus DA. Correlation of 
testicular color doppler ultrasonography, physical examination and 
venography in the detection of left varicoceles in men with infertility. J 
Urol. 1991;145(4):785-8.

18. Pilatz A, Altinkilic B, Köhler E, Marconi M, Weidner W. Color doppler 
ultrasound imaging in varicoceles: is the venous diameter sufficient 
for predicting clinical and subclinical varicocele? World J Urol. 
2011;29(5):645-50.

19. Hoekstra T, Witt MA. The correlation of internal spermatic vein 
palpability with ultrasonographic diameter and reversal of venous flow. J 
Urol. 1995;153(1):82-4.

20. Aydos K, Baltaci S, Salih M, Anafarta K, Bedük Y, Gülsoy U. Use of 
color doppler sonography in the evaluation of varicoceles. Eur Urol. 
1993;24(2):221-5.

21. Orda R, Sayfan J, Manor H, Witz E, Sofer Y. Diagnosis of varicocele and 
postoperative evaluation using inguinal ultrasonography. Ann Surg. 
1987;206(1):99-101.

22. Wolverson MK, Houttuin E, Heiberg E, Sundaram M, Gregory J. 
High-resolution real-time sonography of scrotal varicocele. AJR Am J 
Roentgenol. 1983;141(4):775-9.

23. Chiou RK, Anderson JC, Wobig RK, Rosinsky DE, Matamoros A, Chen 
WS, et al. Color doppler ultrasound criteria to diagnose varicoceles: 
correlation of a new scoring system with physical examination. Urology. 
1997;50(6):953-6.

24. Sarteschi LM, Paoli R, Bianchini M, Menchini Fabris GF. The varicocele 
study with eco-color-doppler. G Ital Ultrason. 1993;4:43-9.

25. Lau MW, Taylor PM, Payne SR. The indications for scrotal ultrasound. Br 
J Radiol. 1999;72(861):833-7.

26. Cil AS, Bozkurt M, Kara Bozkurt D, Gok M. Investigating the relationship 
between persistent reflux flow on the first postoperative day and recurrent 
varicocele in varicocelectomy patients. J Clin Med Res. 2015;7(1):29-32.

27. Comhaire F, Kunnen M. Selective retrograde venography of the internal 
spermatic vein: a conclusive approach to the diagnosis of varicocele. 
Andrologia. 1976;8(1):11-24.

28. Eskew LA, Watson NE, Wolfman N, Bechtold R, Scharling E, Jarow JP. 
Ultrasonographic diagnosis of varicoceles. Fertil Steril. 1993;60(4):693-7.

29. Kocakoc E, Serhatlioglu S, Kiris A, Bozgeyik Z, Ozdemir H, Bodakci MN. 
Color doppler sonographic evaluation of inter-relations between diameter, 
reflux and flow volume of testicular veins in varicocele. Eur J Radiol. 
2003;47(3):251-6.

30. Nadel SN, Hutchins GM, Albertsen PC, White RI Jr. Valves of the internal 
spermatic vein: potential for misdiagnosis of varicocele by venography. 
Fertil Steril. 1984;41(3):479-81.

https://www.ncbi.nlm.nih.gov/pubmed/21733620
https://www.ncbi.nlm.nih.gov/pubmed/21733620
https://www.ncbi.nlm.nih.gov/pubmed/21733620
http://www.ncbi.nlm.nih.gov/pubmed/17070279
http://www.ncbi.nlm.nih.gov/pubmed/17070279
http://www.ncbi.nlm.nih.gov/pubmed/17070279
https://www.ncbi.nlm.nih.gov/pubmed/17460001
https://www.ncbi.nlm.nih.gov/pubmed/17460001
http://www.ncbi.nlm.nih.gov/pubmed/15363711
http://www.ncbi.nlm.nih.gov/pubmed/15363711
http://www.ncbi.nlm.nih.gov/pubmed/15363711
http://www.ncbi.nlm.nih.gov/pubmed/15363711
https://www.ncbi.nlm.nih.gov/pubmed/15322805
https://www.ncbi.nlm.nih.gov/pubmed/15322805
https://www.ncbi.nlm.nih.gov/pubmed/15322805
https://www.ncbi.nlm.nih.gov/pubmed/8671430
https://www.ncbi.nlm.nih.gov/pubmed/8671430
https://www.ncbi.nlm.nih.gov/pubmed/8671430
http://www.ncbi.nlm.nih.gov/pubmed/18077824
http://www.ncbi.nlm.nih.gov/pubmed/18077824
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/2005701
http://www.ncbi.nlm.nih.gov/pubmed/2005701
http://www.ncbi.nlm.nih.gov/pubmed/2005701
http://www.ncbi.nlm.nih.gov/pubmed/2005701
https://www.ncbi.nlm.nih.gov/pubmed/21607575
https://www.ncbi.nlm.nih.gov/pubmed/21607575
https://www.ncbi.nlm.nih.gov/pubmed/21607575
https://www.ncbi.nlm.nih.gov/pubmed/21607575
https://www.ncbi.nlm.nih.gov/pubmed/7966798
https://www.ncbi.nlm.nih.gov/pubmed/7966798
https://www.ncbi.nlm.nih.gov/pubmed/7966798
https://www.ncbi.nlm.nih.gov/pubmed/8375443
https://www.ncbi.nlm.nih.gov/pubmed/8375443
https://www.ncbi.nlm.nih.gov/pubmed/8375443
http://www.ncbi.nlm.nih.gov/pubmed/3300579
http://www.ncbi.nlm.nih.gov/pubmed/3300579
http://www.ncbi.nlm.nih.gov/pubmed/3300579
http://www.ncbi.nlm.nih.gov/pubmed/6604430
http://www.ncbi.nlm.nih.gov/pubmed/6604430
http://www.ncbi.nlm.nih.gov/pubmed/6604430
https://www.ncbi.nlm.nih.gov/pubmed/9426729
https://www.ncbi.nlm.nih.gov/pubmed/9426729
https://www.ncbi.nlm.nih.gov/pubmed/9426729
https://www.ncbi.nlm.nih.gov/pubmed/9426729
http://www.ncbi.nlm.nih.gov/pubmed/10645188
http://www.ncbi.nlm.nih.gov/pubmed/10645188
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4217750/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4217750/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4217750/
https://www.ncbi.nlm.nih.gov/pubmed/952416
https://www.ncbi.nlm.nih.gov/pubmed/952416
https://www.ncbi.nlm.nih.gov/pubmed/952416
http://www.ncbi.nlm.nih.gov/pubmed/8405527
http://www.ncbi.nlm.nih.gov/pubmed/8405527
http://www.ncbi.nlm.nih.gov/pubmed/12927671
http://www.ncbi.nlm.nih.gov/pubmed/12927671
http://www.ncbi.nlm.nih.gov/pubmed/12927671
http://www.ncbi.nlm.nih.gov/pubmed/12927671
http://www.ncbi.nlm.nih.gov/pubmed/6698242
http://www.ncbi.nlm.nih.gov/pubmed/6698242
http://www.ncbi.nlm.nih.gov/pubmed/6698242

	Title
	Abstract
	Introduction
	Patients and Methods
	Technique of color doppler ultrasound
	Venography and embolization
	Statistical analysis

	Results
	Color doppler ultrasound
	Venography
	Logistic regression

	Discussion
	Conclusions
	Authors Contribution
	Compliance with Ethical Standards
	References
	Figure 1
	Figure 2
	Table 1
	Table 2A
	Table 2B
	Table 2C
	Table 3
	Table 4

