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to show the natural status of reflux hemodynamics.11 In this study, we 
aimed to test our hypotheses by developing new analytical software 
that analyzed scrotal ultrasonography to investigate the relationship 
between the distribution characteristics of ISV reflux and the outcomes 
following microsurgical varicocelectomy.

PATIENTS AND METHODS
Study design and settings
In this retrospective cohort study, 132 consecutive patients who 
underwent microsurgical varicocelectomy at Shengjing Hospital of 
China Medical University (Shenyang, China) between July 2017 and 
September 2019 were reviewed. The patients were evaluated in the 
Andrology Clinic of the Department of Urology of Shengjing Hospital 
of China Medical University to reduce technical bias.

Presurgical examination
Within a 3-month presurgical period, all the patients were referred to 
the same laboratory at our institution twice after 2–5 days of sexual 
abstinence for semen analysis, including semen volume, pH, progressive 

INTRODUCTION
Internal spermatic vein (ISV) reflux, which contains metabolic 
products, is considered to be toxic for testicular function.1 The 
complex structure of the pampiniform plexus causes notable diversity 
of venous hemodynamics,2 which might have a different impact on 
spermatogenesis. Varicocelectomy is a commonly used treatment 
modality that aims to improve semen quality and pregnancy outcomes 
in infertile men with varicoceles and affected semen parameters.3 
However, there has been a great deal of controversy about the role 
of varicocele repair in male infertility.4–6 Since varicocelectomy is a 
procedure that counters ISV reflux,7,8 it is reasonable to hypothesize that 
subgrouping these patients according to the distribution characteristics 
of the venous reflux may optimize their outcomes. Unfortunately, 
existing methods for quantifying the structural distribution of ISV reflux 
are unsatisfactory. Although venography remains the gold standard for 
ISV reflux diagnosis, it can provide comprehensive information on the 
structural distribution of ISV.9,10 Injection of a contrast may change the 
flow volume and pressure in the ISV system, which makes it difficult 
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The hemodynamic characteristics of venous reflux are associated with infertility in patients with varicocele; however, an effective 
method for quantifying the structural distribution of the reflux is lacking. This study aimed to predict surgical outcomes using 
a new software for venous reflux quantification. This was a retrospective cohort study of a consecutive series of 105 patients 
(age range: 22–44 years) between July 2017 and September 2019. Venous reflux of the varicocele was obtained using the Valsalva 
maneuver during scrotal Doppler ultrasonography before microsurgical varicocelectomy. Using this software, the colored reflux 
signals were segmented, and the gray scale of the color pixels representing the reflux velocity was comprehensively quantified 
into the mean reflux velocity of the green layer (MRVG) and the reflux velocity standard deviation of the green layer (RVSDG). 
Spontaneous pregnancy and changes from baseline in the semen parameters were assessed during a 12-month follow-up period. 
Data were analyzed using logistic regression analysis. An association of the high MRVG group with impaired progressive motility 
(odds ratio [OR] = 2.868, 95% confidence interval [CI]: 1.133–7.265) and impaired sperm concentration (OR = 2.943, 95% CI: 
1.196–7.239) was found during multivariate analysis. High MRVG (OR = 2.680, 95% CI: 1.086–6.614) and high RVSDG 
(OR = 2.508, 95% CI: 1.030–6.111) were found to be independent predictors of failure to achieve pregnancy following microsurgical 
repair. In summary, intense venous reflux is an independent predictor of impaired progressive motility, sperm concentration, and 
pregnancy outcomes after microsurgical varicocelectomy.
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motility, sperm concentration, and morphology. The levels of serum 
follicle-stimulating hormone (FSH), luteinizing hormone (LH), total 
testosterone (T), and prolactin (PRL) were measured in each patient. 
Scrotal ultrasonography with Doppler color flow was performed before 
microsurgical varicocelectomy at the Department of Ultrasound, 
Shengjing Hospital of China Medical University. We used Toshiba 
Aplio 400 (Toshiba Medical System [China] Co., Ltd., Beijing, China), 
Toshiba Aplio 500 (Toshiba Medical System [China] Co., Ltd.), and a 
relevant high-frequency (6–12 MHz) linear probe (Toshiba Medical 
System [China] Co., Ltd.). The Valsalva maneuver was performed to 
create spermatic venous reflux, and the transverse plane was displayed to 
detect the distribution of the reflux signals. The color box was adjusted 
to cover all the ISVs on the screen. The velocity scale and color gain 
were manipulated until color noise first became apparent in the image 
background.12 The Valsalva maneuver was performed three times, 
images with maximal reflux were obtained, and the maximum venous 
diameter was measured.13 A maximal reflux was defined as a flow with 
the largest area of Doppler signal during the last 3 s before exhalation. 
Scrotal ultrasonography was performed by PW (a sonographer with 
12 years of diagnostic experience in andrological ultrasonography).

Surgical procedure
Subsequently, a subinguinal microsurgical varicocelectomy with 
arterial and lymphatic sparing was performed. The external spermatic 
veins were then ligated. Surgical repair of the varicocele was performed 
by XWX (urologist with 10 years of experience in andrology).

Outcome measures
The primary outcome measure was spontaneous pregnancy, and 
the secondary outcomes were changes from the mean baseline of 
each semen parameter. All patients were contacted via telephone. 
The patients were followed for 12 months after varicocelectomy, 
and any spontaneous pregnancy was documented. Seminal analyses 
were performed at 3 months, 6 months, and 12 months of follow-up. 
Improved progressive motility was defined as an increase in progressive 
motility following varicocelectomy. Based on preoperative sperm 
concentration, the following four conditions were defined as improved 
sperm concentration: an increase in sperm concentration from 
<1 × 106 ml−1 to >5 × 106 ml−1; from 1–5 × 106 ml−1 to ≥10 × 106 ml−1; 
from 5–15 × 106 ml−1 to ≥15 × 106 ml−1; or from ≥15 × 106 ml−1 to a higher 
value after surgery. Based on preoperative morphology, the following 
two conditions were defined as improved morphology: an increase in 
normal sperm morphology from <4% to ≥4% or from ≥4% to a higher 
normal sperm morphology value after surgery. Otherwise, the semen 
quality was considered to be impaired following surgical repair.14

Inclusion criteria
Patients considered for inclusion were 20- to 45-year-old married 
infertile men (unprotected sex for 12 months without conceiving) 
with a clinically significant varicocele (grades 1–3), pathological 
semen parameters (with at least one of the following semen 
characteristics: sperm concentration <10 × 106 ml−1, progressive 
motility <35%, or normal sperm morphology <4%), and those who 
underwent microsurgical varicocelectomy.15 Semen samples were 
analyzed according to the World Health Organization semen manual 
guidelines.16 Physical examination was used as the reference standard 
for varicocele diagnosis and grading,17 which was based on the modified 
criteria of Dubin and Amelar as follows: (1) absent (no palpable 
varicocele), (2) grade 1 (palpable varicocele with aid of the Valsalva 
maneuver), (3) grade 2 (palpable varicocele without Valsalva), and (4) 
grade 3 (visible varicocele).18

Exclusion criteria
Patients meeting the following criteria were considered ineligible: 
recurrent varicocele following surgical repair, normal semen 
parameters, smoking, additional causes of infertility (obstructive 
azoospermia, complete deletion of azoospermia factor gene 
[AZF]a, AZFb or AZFc, or diabetes), or female factor infertility 
(medical history, hormonal levels, and hysterosalpingogram of the 
female partner were warranted from the outset).19,20

Image processing and data collection
The images to be analyzed were digital images created using an 
ultrasound system and downloaded from a picture archiving and 
communication system (PACS). Image processing and data collection 
were performed by two of the coauthors (KY and BBC) according to the 
protocol using Varicocelaid 1.0 encoded by Python 3.8 (Python Software 
Foundation, Fredericksburg, VA, USA). The software Varicocelaid 1.0 
can be downloaded online (https://pan.baidu.com/s/1ZZ3jT4JBBQgC
wU0B85yJcQ?pwd=wqro, last accessed on June 24, 2022).

Because the velocity and direction of blood flow were represented 
by different colors in the color flow ultrasound, the gray value 
profile of the velocity scale was plotted, and the velocity scale was 
calibrated to identify the reflux velocity of each pixel in the image 
(Supplementary Figure 1a). To segment the reflux signals, the reflux 
signals were selected, and the black and white backgrounds were 
removed (Supplementary Figure 1b). Reflux signals were quantified 
as the mean reflux velocity of the green layer (MRVG) by measuring 
the mean gray value representing the velocity of the blood flow, and 
the reflux velocity standard deviation (s.d.) of the green layer (RVSDG) 
by measuring the s.d. of the gray value representing the blood flow 
velocity (Supplementary Figure 1c). The results for each parameter 
were obtained from three independent measurements.

Protocol for reflux signal segmentation and quantification
Single-blinded reflux signal segmentation and quantification were 
performed by KY and BBC according to the following protocol: 
(1) enter the maximum velocity scale; (2) upload the image to be 
detected; (3) indicate four edge points, including the upper left 
corner of the velocity scale, lower right corner of the velocity scale 
(chromatography to indicate the velocity and direction of the blood 
flow in the image), upper left corner of the region of interest (area 
to be measured with all reflux signals), and lower right corner of the 
region of interest (Supplementary Figure 1a); (4) close the dialog 
box and read the results, including MRVG and RVSDG; and (5) if 
there was a difference or disagreement in the results for a specific 
sample, a repeated single-blinded measurement was performed by 
another author, and the final result was determined by an author 
meeting.

Green layer of the red, green, and blue (RGB) image stack and 
standardized value of the MRVG and RVSDG
To avoid missing data and minimize bias, the green layer of the 
RGB stack was chosen for analysis. The reason for selecting the 
green layer of the RGB stack to evaluate the reflux velocity was 
that the gray value profile of the velocity scale in the green layer 
was distributed in a linear and symmetric manner so that the 
measured velocity would not be biased by the blood flow direction 
(Supplementary Figure 2a). A positive correlation was observed 
between the velocity scale and MRVG (Supplementary Figure 2b) 
and RVSDG (Supplementary Figure 2c). The correlation between 
color gain and MRVG/RVSDG was not statistically significant (data 
not shown). To minimize the bias caused by the velocity scale and to 
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avoid indeterminate results, the MRVG and RVSDG were divided 
by the velocity scale, and the standardized values of the MRVG 
(Supplementary Figure 2b) and RVSDG (Supplementary Figure 2c) 
were obtained. Since the processes of image acquisition, modification, 
and data collection were performed consistently according to the 
protocols as planned, there were no technical differences that affected 
the reliability of the study’s results.

Statistical analyses
Ward’s clustering method with Euclidean distance, as described in 
Pepin et al.,21 was used to subgroup patients with varicocele into low 
and high groups. Student’s t-test was used for comparison of numerical 
variables; the Chi-square test was used for comparison of rates of 
categorical variables; binary logistic regression was used for univariate 
and multivariate analyses; and P < 0.05 was considered statistically 
significant. Statistical analyses were carried out using IBM SPSS 
Statistics version 21 (IBM, Armonk, NY, USA), including Student’s 
t-test, the Chi-square test, and logistic regression, and GraphPad Prism 
7 software (GraphPad Software, San Diego, CA, USA) was used to plot 
the scattered dot graphs.

Ethical statement
The authors are accountable for all aspects of the work, ensuring that 
questions related to the accuracy or integrity of any part of the work 
are appropriately investigated and resolved. This study was conducted 
in accordance with the Declaration of Helsinki (revised in 2013). The 
study was approved by the Ethics Committee of Shengjing Hospital 
of China Medical University (ethics approval No. 2021PS512k), and 
all the participants provided informed consent before their inclusion 
in the study.

RESULTS
Comparison of the baseline characteristics of the MRVG and RVSDG 
between the low and high groups
In this study, 105 patients were enrolled (Figure 1). The follow-up 
period (mean ± s.d.) was 37.9 ± 13.4 months. The baseline 
characteristics of the study population are shown in Table 1. We 
found that higher MRVG signals tended to have brighter colors and 
that higher RVSDG signals tended to show a more complex color style 
(Figure 2). Intraobserver and interobserver variabilities of MRVG were 

4.2% and 9.8%, respectively, while those of RVSDG were 5.4% and 
12.7%, respectively. The left maximum venous diameters in the low 
group of MRVG (P < 0.01) and RVSDG (P < 0.01) were lower than those 
in the high group. Other demographic and clinical characteristics were 
comparable between the subgroups with nonsignificant differences 
(Table 2).

Figure 1: Flow diagram for consolidated standards of the study participants. 
AZF: azoospermia factor gene.

Figure 2: Reflux signal distribution of MRVG and RVSDG in low and high groups 
(scale bars = 1 cm). MRVG: mean reflux velocity of green layer; RVSDG: reflux 
velocity standard deviation of green layer.

Table 1: The baseline characteristics of the study population (n=105)

Characteristic Values

Age of participants (year), mean±s.d. (range) 30.2±4.8 (22–44)

Age of wives (year), mean±s.d. (range) 28.6±4.4 (20–41)

BMI (kg m−2), mean±s.d. (range) 23.5±4.2 (15.0–35.0)

Left maximum venous diameter (cm), 
mean±s.d. (range)

0.32±0.07 (0.19–−0.60)

Right maximum venous diameter (cm), 
mean±s.d. (range)

0.19±0.08 (0.07–0.49)

Left testicular volume (ml), mean±s.d. (range) 13.7±4.0 (5.0–27.0)

Right testicular volume (ml), mean±s.d. (range) 14.5±3.9 (7.9–28.0)

Velocity scale (cm s−1), mean±s.d. (range) 4.2±1.7 (1.4–10.0)

Color gain (%), mean±s.d. (range) 50.8±16.8 (20.0–85.0)

Baseline semen parameters, mean±s.d. (range)

Progressive motility (%) 19.5±14.2 (0.2–77.9)

Sperm concentration (×106 ml−1) 20.0±22.3 (0.2–150.0)

Normal morphology (%) 3.5±1.9 (0.2–7.0)

Reproductive hormone level, mean±s.d. (range)

FSH (mIU ml−1) 5.4±2.1 (1.7–10.3)

LH (mIU ml−1) 4.5±1.5 (2.0–8.8)

T (ng ml−1) 3.7±1.2 (1.7–7.4)

PRL (ng ml−1) 13.3±5.5 (5.1–48.6)

Infertility duration (month), mean±s.d. (range) 20.9±11.3 (12.0–72.0)

Infertility, n/total (%)

Primary 76/105 (72.4)

Secondary 29/105 (27.6)

Surgical repair side, n/total (%)

Bilateral 16/105 (15.2)

Unilateral (left) 89/105 (84.8)

Varicocele grade, n/total (%)

Grade 1 14/105 (13.3)

Grade 2 37/105 (35.2)

Grade 3 54/105 (51.4)

FSH: follicle‑stimulating hormone; LH: luteinizing hormone; T: total testosterone; 
PRL: prolactin; BMI: body mass index; s.d.: standard deviation
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Poorer outcomes for the high MRVG and RVSDG groups following 
microsurgical varicocelectomy
The probability of impaired progressive motility (high group: 60.4% 
vs low group: 36.5%) and impaired sperm concentration (high 
group: 54.7% vs low group: 30.8%) was significantly higher in the 
high MRVG group than in the low group following microsurgical 
varicocelectomy (P < 0.05; Table 3). The probability of failing to 
achieve pregnancy in the high MRVG group (high group: 62.3% vs 
low group: 40.4%) and the high RVSDG (high group: 62.7% vs low 
group: 40.7%) group was significantly higher than that in the low 
group (P < 0.05; Table 3).

Association of the high MRVG group with impaired sperm 
concentration and failure to achieve pregnancy is independent of 
classical baseline factors
Univariate analyses showed that patients in the high MRVG group 
were twice as likely to have impaired progressive motility (odds ratio 
[OR] = 2.647, 95% confidence interval [CI]: 1.203–5.822, P < 0.05), 
impaired sperm concentration (OR = 2.719, 95% CI: 1.222–6.048, P < 
0.05), and failure to achieve pregnancy (OR = 2.436, 95% CI: 1.112–
5.337, P < 0.05) as those in the low group following microsurgical 

varicocelectomy. The high RVSDG group was also associated with 
failure to achieve pregnancy (OR = 2.450, 95% CI: 1.117–5.373, 
P < 0.05). For predicting impaired progressive motility using 
MRVG, the area under the receiver operating characteristic curves 
(AUC) was 0.617 (95% CI: 0.509–0.726, P < 0.05; Supplementary 
Figure 3a), positive predictive value (PPV) = 60.4%, and negative 
predictive value (NPV) = 63.5%. For predicting impaired sperm 
concentration using MRVG, AUC was 0.646 (95% CI: 0.539–0.753, P 
< 0.05; Supplementary Figure 3b), PPV = 54.7%, and NPV = 69.2%. 
For predicting failure to achieve pregnancy using MRVG, AUC was 
0.641 (95% CI: 0.534–0.748, P < 0.05; Supplementary Figure 3c), 
PPV = 62.3%, and NPV = 59.6%. For predicting failure to achieve 
pregnancy using RVSDG, AUC was 0.610 (95% CI: 0.501–0.719, P < 
0.05; Supplementary Figure 3c), PPV = 62.8%, and NPV = 59.3%. 
Younger age was associated with impaired progressive motility (OR 
= 1.112, 95% CI: 1.019–1.214, P < 0.05). The associations of impaired 
semen parameters with failure to achieve pregnancy with baseline 
variables, including body mass index (BMI), left maximum venous 
diameter, right maximum venous diameter, left testicular volume, 
right testicular volume, serum FSH, LH, T, PRL, infertility type, 
infertility duration, surgical repair side varicocele grade, velocity 

Table 2: The baseline characteristics of subgroups of mean reflux velocity of green layer and reflux velocity standard deviation of green 
layer (n=105)

Parameter MRVG RVSDG

Low group High group P Low group High group P

Participant (n) 52 53 ‑ 54 51 ‑

MRVG/RVSDG, mean±s.d. 0.21±0.05 0.42±0.09 <0.001 0.15±0.03 0.25±0.02 <0.001

MRVG/RVSDG, range 0.11–0.30 0.30–0.73 ‑ 0.07–0.20 0.20–0.30 ‑

Age of participants (year), mean±s.d. 31.0±4.3 29.5±5.2 0.118 30.9±4.5 29.5±5.1 0.122

Age of wives (year), mean±s.d. 28.9±3.9 28.3±4.9 0.475 29.0±3.9 28.1±4.9 0.309

BMI (kg m−2), mean±s.d. 23.3±4.2 23.7±4.2 0.624 23.5±3.9 23.5±4.4 0.913

Maximum venous diameter (cm), mean±s.d.

Left 0.30±0.04 0.34±0.09 <0.01 0.30±0.05 0.34±0.09 <0.01

Right 0.19±0.07 0.19±0.08 0.944 0.19±0.07 0.20±0.09 0.347

Left testicular volume (ml), mean±s.d. 14.4±4.4 13.0±3.4 0.072 14.1±4.2 13.3±3.8 0.264

Right testicular volume (ml), mean±s.d. 15.1±4.5 13.8±3.0 0.099 14.5±3.8 14.4±3.9 0.919

Baseline semen parameters, mean±s.d.

Progressive motility (%) 18.0±12.9 21.0±15.4 0.282 18.8±12.1 20.2±16.3 0.635

Sperm concentration (×106 ml−1) 23.8±27.0 16.3±15.9 0.086 21.5±24.9 18.5±19.2 0.500

Normal morphology (%) 3.3±1.8 3.6±2.0 0.524 3.2±1.7 3.8±2.0 0.098

Reproductive hormone level, mean±s.d.

FSH (mIU ml−1) 5.0±2.1 5.7±2.1 0.093 5.3±2.2 5.4±2.1 0.945

LH (mIU ml−1) 4.5±1.6 4.6±1.5 0.649 4.4±1.6 4.7±1.5 0.381

T (ng ml−1) 3.5±1.0 3.9±1.4 0.065 3.6±1.1 3.8±1.4 0.454

PRL (ng ml−1) 12.9±4.7 13.8±6.1 0.404 12.7±3.8 14.0±6.8 0.243

Infertility duration (month), mean±s.d. 20.8±9.1 21.0±13.1 0.951 19.8±8.4 22.1±13.7 0.289

Infertility, n (%) 0.142 0.087

Primary 41 (78.8) 35 (66.0) 43 (79.6) 33 (64.7)

Secondary 11 (21.2) 18 (34.0) 11 (20.4) 18 (35.3)

Surgical repair side, n (%) 0.559 0.336

Bilateral 9 (17.3) 7 (13.2) 10 (18.5) 6 (11.8)

Unilateral (left) 43 (82.7) 46 (86.8) 44 (81.5) 45 (88.2)

Varicocele grade, n (%) 0.282 0.183

Grade 1 9 (17.3) 5 (9.4) 10 (18.5) 4 (7.8)

Grade 2 15 (28.8) 22 (41.5) 20 (37.0) 17 (33.3)

Grade 3 28 (53.8) 26 (49.1) 24 (44.4) 30 (58.8)

MRVG: mean reflux velocity of green layer; RVSDG: reflux velocity standard deviation of green layer; FSH: follicle‑stimulating hormone; LH: luteinizing hormone; T: total testosterone; 
PRL: prolactin; s.d.: standard division; ‑: not available; BMI: body mass index
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scale, and color gain, were not statistically significant (data not 
shown).

Multivariate analyses were performed to estimate the predictive 
value of MRVG and RVSDG for the outcome of microsurgical 
varicocelectomy. Baseline variables, including age, left maximum 
venous diameter, BMI, FSH, T, infertility duration, surgical repair 
side, and varicocele grade, which were considered clinically relevant 
or showed a univariate relationship (P < 0.15) with outcome, were 
entered into multivariate analyses. The association between high 
MRVG and impaired progressive motility (OR = 3.521, 95% CI: 
1.458–8.501, P < 0.01) or impaired sperm concentration (OR = 2.846, 
95% CI: 1.214–6.673, P < 0.05) was sustained after adjustments for 
BMI, FSH, T, infertility duration, surgical repair side, and varicocele 
grade (Table 4). Remarkably, the association of the high MRVG group 
with impaired progressive motility (OR = 2.868, 95% CI: 1.133–7.265, 
P < 0.05) or impaired sperm concentration (OR = 2.943, 95% CI: 
1.196–7.239, P < 0.05) was sustained even after adjusting for all baseline 
factors, including age and left maximum venous diameter (Table 4). 
Importantly, the association of the high MRVG group (OR = 2.680, 95% 
CI: 1.086–6.614, P < 0.05) or the RVSDG group (OR = 2.508, 95% CI: 
1.030–6.111, P < 0.05) with failure to achieve pregnancy was sustained 
even with adjustments for all of the baseline factors, including age and 
left maximum venous diameter (Table 4).

DISCUSSION
It is widely accepted that the hemodynamics of testicular varicoceles are 
correlated with spermatogenesis and the effects of varicocelectomy.22,23 
Based on the results of previous studies, which showed that reflux 

of the ISV contributes to male infertility,2,24 we developed a new 
software to quantify the structural distribution of the reflux into two 
parameters, including MRVG and RVSDG. Furthermore, we observed 
that high MRVG was an independent predictor of impaired semen 
quality and that high MRVG and high RVSDG were independent 
predictors of failure to achieve pregnancy following microsurgical 
varicocelectomy.

Because the ISV becomes a pampiniform plexus with a complex 
and diverse structure near the testis2 and the critical Reynolds number 
is low enough to cause turbulent flow in branching vessels,25,26 it is 
quite challenging to study the hemodynamics of the reflux in this 
area. This study used a new approach to comprehensively quantify 
hemodynamic characteristics within this venous system. The 
color nature of the reflux signal in the Doppler ultrasound image 
made it distinct from the black and white backgrounds, so that 
the segmentation and quantification of the reflux signal could be 
performed precisely. Because the local intensity of green in the color 
Doppler image represents a statistical measure of the spread of the 
velocities around each local mean velocity estimate, the green color 
evaluation of the Doppler ultrasound image was used to improve 
the detection of circulatory system diseases, such as minimal valve 
regurgitation jets and renal artery stenosis.27 Furthermore, superior 
to red or blue reflux signals, the green color could comprehensively 
display the velocity level of the venous reflux from all directions 
(Supplementary Figure 2a). Generated by measuring the mean value 
and its s.d. of the gray value in the green layer of the RGB image, 
the MRVG and RVSDG represent the average reflux velocity and 
difference in its structural distribution, respectively. In a previous 

Table 3: Comparison of impaired semen parameters and failing to achieve pregnancy between subgroups of mean reflux velocity of green layer 
and reflux velocity standard deviation of green layer following microscopic varicocelectomy (n=105)

Outcome Low group, n/total (%) High group, n/total (%) OR (95% CI) P

MRVG

Impaired progressive motility 19/52 (36.5) 32/53 (60.4) 2.646 (1.203–5.814) <0.05

Impaired sperm concentration 16/52 (30.8) 29/53 (54.7) 2.717 (1.222–6.061) <0.05

Impaired morphology 37/52 (71.2) 31/53 (58.5) 0.571 (0.254–1.285) 0.174

Failing to achieve pregnancy 21/52 (40.4) 33/53 (62.3) 2.433 (1.111–5.348) <0.05

RVSDG

Impaired progressive motility 25/54 (46.3) 26/51 (51.0) 1.206 (0.561–2.597) 0.631

Impaired sperm concentration 20/54 (37.0) 25/51 (49.0) 1.634 (0.750–3.559) 0.215

Impaired morphology 35/54 (64.8) 33/51 (64.7) 0.995 (0.447–2.217) 0.991

Failing to achieve pregnancy 22/54 (40.7) 32/51 (62.7) 2.451 (1.117–5.376) <0.05

The rates were compared using the Chi‑square test. MRVG: mean reflux velocity of green layer; RVSDG: reflux velocity standard deviation of green layer; OR: odds ratio; CI: confidence 
interval

Table 4: Multivariate analyses of the association of mean reflux velocity of green layer and reflux velocity standard deviation of green layer 
subgroups with the outcomes of microscopic varicocelectomy (n=105)

Outcomes MRVG high group RVSDG high group

OR (95% CI) P OR (95% CI) P

Adjusted Ia

Impaired progressive motility 3.521 (1.458–8.501) <0.01 1.150 (0.508–2.603) 0.737

Impaired sperm concentration 2.846 (1.214–6.673) <0.05 1.689 (0.736–3.874) 0.216

Failing to achieve pregnancy 2.696 (1.135–6.402) <0.05 2.570 (1.087–6.077) <0.05

Adjusted IIb

Impaired progressive motility 2.868 (1.133–7.265) <0.05 0.853 (0.353–2.062) 0.724

Impaired sperm concentration 2.943 (1.196–7.239) <0.05 1.636 (0.691–3.875) 0.263

Failing to achieve pregnancy 2.680 (1.086–6.614) <0.05 2.508 (1.030–6.111) <0.05
aAdjusted for BMI, FSH, T, infertility duration, surgical repair side, and varicocele grade; bin addition to adjusted I, also adjusted for left maximum venous diameter and age. 
MRVG: mean reflux velocity of green layer; RVSDG: reflux velocity standard deviation of green layer; OR: odds ratio; CI: confidence interval; FSH: follicle‑stimulating hormone; T: total 
testosterone; BMI: body mass index
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study, color Doppler ultrasound was used to measure the velocity 
of spermatic venous reflux;8 however, the complexity of the ISV 
vasculature made it difficult to choose a representative vessel for 
measurement using a gate or sample volume. Because intense reflux 
intuitively exhibited brighter colors and a complex color style in the 
ultrasound image, our study quantified these visual characteristics 
into MRVG and RVSDG.

For the past decade, the duration of ISV reflux has been used to 
evaluate the reflux intensity of varicocele,13 while our study provided an 
option to evaluate the outcome from the perspective of the structural 
characteristics of this complex venous reflux. Our results demonstrated 
that higher MRVG was associated with impaired progressive motility 
following microscopic varicocele repair. We found that the association 
of high MRVG with impaired progressive motility and impaired sperm 
concentration persisted after adjusting for BMI, FSH, T, infertility 
duration, surgical repair side, and varicocele grade. The association of 
the high MRVG group with impaired progressive motility and impaired 
sperm concentration was sustained even with adjustment for all of the 
baseline factors, including age (a candidate variable with statistical 
significance in univariate analysis) and left maximum venous diameter 
(a variable with multicollinearity),28 indicating that high MRVG is an 
independent predictor of impaired progressive motility and impaired 
sperm concentration following microsurgical varicocelectomy. High 
MRVG and RVSDG were also proven to be independent predictors of 
failure to achieve pregnancy following microsurgical varicocelectomy 
in multivariate analysis. Our findings indicate that the higher the mean 
reflux velocity (or the more diverse the reflux velocity distribution), the 
poorer the outcome. To the best of our knowledge, this study provided a 
novel method to identify the structural distribution of ISV reflux velocity 
as an independent predictor of microsurgical varicocelectomy outcome. 
Persistent reflux after surgical varicocele repair, which is frequently present 
(18%–48%),7,29 is considered a risk factor for poor outcomes.7,8 Another 
risk factor for the poor outcome of surgical repair is irreversible testicular 
damage induced by varicocele.30 Further studies are needed to investigate 
the potential correlation of high MRVG or RVSDG with postsurgical 
persistent reflux and varicocele-induced irreversible testicular damage.

Limitations of this study include its retrospective nature. 
Additionally, varying the intensity of the Valsalva maneuver and 
moments of maximum reflux may cause bias. This bias could be 
reduced through standardized patient guidance and repeated 
measurements.

In summary, our study demonstrated that intense venous reflux, as 
detected by presurgical scrotal ultrasound, is associated with impaired 
semen quality and failure to achieve pregnancy after microsurgical 
varicocelectomy. This study may provide more prognostic information 
for patients who undergo surgical repair for varicocele.
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Supplementary Figure 1: Image processing and data collection. (a) The edge 
point of the velocity scale was indicated (big blue dots), and the edge point of 
the region of interest was indicated (big red dots) to plot the gray value profile 
and calibrate velocity scale. (b) Color‑only reflux signals were segmented and 
the black and white background was cleared. (c) The reflux signals in the 
green layer of the RGB stack were selected (white arrow), and the mean reflux 
velocity of the green layer (MRVG) and the reflux velocity SD of the green 
layer (RVSDG) were measured. s.d.: standard deviation, MRVG: mean reflux 
velocity of green layer; RVSDG: reflux velocity standard deviation of green layer.
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Supplementary Figure 2: The gray value profile of the velocity scale and standardization of reflux velocity of green layer (MRVG) and reflux velocity SD of green 
layer (RVSDG). (a) Vertical lines (arrow head) overlapping velocity scales in the RGB image as well as the red, green and blue layers of RGB stack, then gray 
value profiles of velocity scales were plotted. (b) Point graphs show the distribution of the unstandardized MRVG, which was standardized by the velocity 
scale (n = 106). Solid lines represent linear regression; dotted lines represent error bars. (c) Point graphs show the distribution of the unstandardized RVSDG, 
which was standardized by the velocity scale (n = 106). Solid lines represent linear regression; dotted lines represent error bars. s.d.: standard deviation; 
MRVG: mean reflux velocity of green layer; RVSDG: reflux velocity standard deviation of green layer.

c

b

a



Supplementary Figure 3: The ROC curves of MRVG and RVSDG were plotted for predicting (a) impaired progressive motility, (b) impaired sperm concentration, 
and (c) failing to achieve pregnancy. ROC: receiver operating characteristic; MRVG: mean reflux velocity of green layer; RVSDG: reflux velocity standard 
deviation of green layer.
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