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Dilated testicular gubernacular veins after varicocelectomy were reported to be the cause of varicocele recurrence. The guberna-
cular veins start at the tail of the testicular and merges into the posterior scrotal veins. The gubernacular veins could be ligated only
after testicular delivery (TD) anatomically. TD and ligation of the gubernacular veins during microsurgical varicocelectomy might
reduce the varicocele recurrence but this method is still under debate. Therefore, we performed this systematic review and meta-
analysis and assessed varicocele recurrence, complications as well as clinical outcomes after microsurgical varicocelectomy with
TD. Relevant researches were searched on the PubMed, Embase, Cochrane Library, Web of Science, and China National Knowl-
edge Infrastructure databases to perform an updated meta-analysis. Standardized mean differences, relative risks (RRs), and their
95% confidence intervals (CIs) were applied to evaluate result indicators. This updated meta-analysis included 17 publications with
10 randomized controlled trials and 7 cohort studies. A total of 2,254 participants, including 1,024 subjects with TD and 1,230
without TD, were involved. The pooled results demonstrated that microsurgical varicocelectomy with TD might lead to higher
incidences of postoperative scrotal edema (RR= 4.20, 95% CI= 2.60–6.81, p<0:001), testicular hydrocele (RR= 6.58, 95%
CI= 1.19–36.20, p¼ 0:030), and orchiepididymitis (RR= 6.33, 95% CI= 2.08–19.31, p¼ 0:001) than the group without TD.
Similar findings were also found in subgroup analysis of varicocele grade II and III. By contrast, we failed to find significant
differences between them in semen parameters, varicocele recurrence, serum testosterone, and natural pregnancy (p>0:05).
Sensitivity analysis revealed the pooled results were stable and no publication bias was detected. TD during microsurgical
varicocelectomy may lead to more postoperative complications and may not be beneficial for semen parameters, recurrence of
varicocele, and natural pregnancy. Therefore, varicocele patients may not benefit more from TD.

1. Introduction

As a common urological disorder, varicocele refers to dilated
or tortuous veins of the pampiniform plexus, which is domi-
nant on the left side [1, 2]. It is estimated that varicocele exists
in about 15% of the general male population, 25.4% of men
with abnormal semen, and 25%–35% of infertile men, with
primary infertility at 35% and secondary infertility at
50%–81% [3, 4]. Many studies suggested that varicocele con-
tributes to abnormal testicular spermatogenesis, reduced

sperm quality, and testicular interstitial cell hypofunction
[5, 6].

A surgical approach is effective in treating male infertility
due to primary varicocele. Microsurgical varicocelectomy is
gradually being considered as the procedure with the best
clinical outcomes and least complications in the treatment of
varicocele in patients of all ages [7]. Compared to nonmicro-
surgical procedures, microsurgical varicocelectomy allows
clinicians to better separate the spermatic veins, testicular
arteries, and associated lymphatic system, thereby greatly
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reducing the problem of testicular artery injury while also
decreasing postoperative complications and recurrence of
varicocele [8, 9]. The cause of varicocele recurrence remains
a challenge for urologists, and some researchers reported that
the major contributor to the problem was the presence of
gubernacular veins. Additional testicular delivery (TD) in
microsurgery can be performed for the purpose of ligating
the gubernacular veins, which may decrease the incidence of
varicocele recurrence [10]. It has also been suggested that the
recurrence rate of varicocele is not significantly increased
even without intraoperative ligation of gubernacular veins
and the penetrating branch of the external spermatic veins
[11]. It is possible that dilatation of gubernacular veins is a
result of compensation rather than a cause of recurrence [2].

Two meta-analyses comparing microsurgical varicoce-
lectomy with or without TD have been performed in the
past few years and found that TD was associated with higher
complications [12, 13]. The earlier meta-analysis found a
significant reduction in varicocele recurrence and serum tes-
tosterone levels after TD, with no significant difference in the
operation time [12]. By contrast, the other concluded that
TD did not reduce varicocele recurrence or serum testoster-
one, and it significantly prolonged the operation time [13].
Therefore, based on the results of the two meta-analyses, we
found it was still under debate about the effects of TD on
varicocele recurrence, serum testosterone levels, and opera-
tion time. In addition, the limited amount of eligible studies
reduced the credibility of the final conclusions. Another nine
articles [12, 14–21] were added to this research compared to
the latest meta-analysis [13], which made the outcomes more
convincing and credible. Gald conducted an additional strati-
fied analysis utilizing the semen concentration of the patients
[20]. Two studies highlighted the association between micro-
surgical varicocelectomy with TD and the higher occurrence
of postoperative testicular hydrocele [16, 18]. Jin et al. [17]
believed that microsurgical varicocelectomy without TD
proved to be more effective in improving both sperm concen-
tration and motility among patients with gradeⅢ varicocele.
Hence, we performed an updated meta-analysis according to
a systematic search and collection of existing researches to
assess and examine the clinical outcomes and safety of TD
in microsurgical varicocelectomy for varicocele.

2. Materials and Methods

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-analyses recommendations statement to
report results [22].

2.1. Search Strategy. We adopted a systematic and extensive
search on the PubMed, Embase, Cochrane Library, Web of
Science, and China National Knowledge Infrastructure data-
bases (until December 10, 2022) for researches on the influence
of TD with microsurgical varicocelectomy. The keywords
included “microsurgical varicocelectomy,” “ varicocelectomy,”
“gubernacular veins,” and “testicular delivery.” Detailed search
strategies were presented in Tables S1–S5. Besides, we also
adopted a reference search to determine additional researches
through scanning the references of enrolled researches.

2.2. Inclusion and Exclusion Criteria. All researches enrolled
in our study met the following criteria: (a) participants: vari-
cocele males underwent microsurgical varicocelectomy; (b)
interventions: microsurgical varicocelectomy with TD and
gubernacular veins ligation; (c) comparisons: microsurgical
varicocelectomy without TD; (d) outcomes: duration of sur-
gery, length of hospital stay, testosterone, postoperative
semen parameters, postoperative complications, and natural
pregnancy. Sperm analyses in enrolled studies kept to the
fifth World Health Organization evaluation criteria for
patient sperm analysis; (e) study design: randomized con-
trolled trials (RCTs) and cohort studies. The exclusion crite-
ria were: (a) single-arm study without comparison and (b)
duplication research.

2.3. Risk of Bias and Quality Assessment. We evaluated
the rigor of the implementation process and the credibility
of the results of all included cohort studies utilizing the
Newcastle–Ottawa scale (NOS) [23]. This 9-point scale esti-
mates the risk of bias of the enrolled studies from three per-
spectives, including selection of appropriate study participants,
comparability between groups, and the adequacy and reliability
of exposures and outcomes. Studies that score more than 7 on
the NOS scale are considered to be of high quality. The
Cochrane Risk of Bias tool (version 5.1.0) was adopted to assess
the bias of eligible RCTs [24].

2.4. Studies Selection and Relevant Data Collection. Two
independent researchers, Yulong Wang and Yuxuan Song,
collected those enrolled articles and all available data for the
eligible studies separately and then crosscheck them. When a
disagreement occurred, a third reviewer (Caipeng Qin)
would participate in the discussion and eventually reach a
consensus. Available information for eligible researches was
extracted from those included articles: first author, year of
publication, study types, the age of subjects, sample size,
microsurgical approach, postoperative follow-up time, and
varicocele grade. When a study adopted medianÆ IQR to
describe the continuous variables, we could convert it into
meanÆ SD through an already published method [25].

2.5. Statistical Analysis. We applied relative risks (RRs) to
assess the combined impact of dichotomous variables. Stan-
dardized mean differences (SMDs) were adopted to evaluate
the pooled impact of continuous variables. Final 95% confi-
dence intervals (CIs) from all study data were used for overall
comparisons. Random and fixed effects models were adopted
to evaluate all RRs as well as SMDs obtained through the
calculations [26, 27]. Heterogeneity among articles was mea-
sured and represented through a χ2 test and I2 value. When the
P of the χ2 test was less than 0.05 or I2 was >50%, the hetero-
geneity was obvious and we took random-effect model into
consideration; otherwise, the random-effectmodel was applied.

Moreover, sensitivity analysis was performed through
deleting every single literature consecutively to identify the
credibility of the pooled results. In addition, we applied Beg-
ger’s tests and Egger’s tests to detect possible publication bias
[28]. When the p was <0.05, a significant bias was estab-
lished. This research was conducted with Stata software
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(version 12.0) and Review Manager (version 5.3, Copenha-
gen: The Nordic Cochrane Centre, The Cochrane Collabora-
tion, 2014).

3. Results

3.1. Main Features of the Enrolled Studies. We obtained 133
potentially qualified articles based on the literature search
strategy. Fifty-three studies were removed because of dupli-
cation. We retained 42 articles by screening the titles or
abstracts of the possible studies. The rest of the studies
were read in full. Ultimately, 25 researches were removed
and 17 articles containing 10 RCTs [14–16, 18, 21, 29–33]
and 7 cohort studies [17, 19, 20, 34–37] were included in the
final systematic review and meta-analysis. The detailed study
search and screening process is demonstrated in Figure 1. As
a result, our study ultimately included 2,254 participants, of
whom 1,024 underwent TD during operation as well as 1,230
subjects without TD. In these seventeen studies, all patients
with TD underwent concomitant ligation of the gubernacu-
lar veins. The main features of the eligible researches are
displayed in Table 1.

3.2. Risk of Bias and Quality Assessment. The results of the
risk of bias and quality assessment of the enrolled RCTs
were presented in Figure 2. No attrition bias was found in
any of the 10 enrolled researches. Seven enrolled cohort
researches had NOS quality scores of 7 or higher and
were qualified.

3.3. Meta-Analysis Results

3.3.1. Duration of Surgery and Hospital Stay. Among these
included articles, we identified nine studies comparing operative
time and six reporting data on length of hospital stay. TD during
microsurgical varicocelectomy significantly prolonged the dura-
tion of the procedure in comparison with the group without TD
(SMD= 1.49, 95% CI=0.99–1.98, p<0:001) (Figure 3(a)). By
contrast, we failed to find discernible diversity in length of hos-
pital stay between them (SMD= 0.38, 95% CI=−0.26 to 1.01,
p¼ 0:244) (Table 2).

3.3.2. Postoperative Complications.Major postoperative com-
plications such as varicocele recurrence and testicular hydro-
cele were also analyzed to further investigate the impact of TD
on the occurrence of complications. TD was not effective in
reducing the complications of varicocele recurrence (RR=
0.59, 95% CI= 0.15–2.29, p¼ 0:443) and wound infection
(RR= 0.89, 95% CI= 0.31–2.55, p¼ 0:834) when comparing
patients with TD and without TD (Table 3). However, the
pooled RRs demonstrated that TD during microsurgical var-
icocelectomy could be more likely to result in scrotal edema
(RR= 4.20, 95% CI= 2.60–6.81, p<0:001) (Figure 3(b)), tes-
ticular hydrocele (RR= 6.58, 95% CI= 1.19–36.20, p¼ 0:030)
(Figure 3(c)), and orchiepididymitis (RR= 6.33, 95% CI=
2.08–19.31, p¼ 0:001) (Figure 3(d)) than microsurgical var-
icocelectomy without TD postoperatively (Table 3).

3.3.3. Effects on Semen Parameters. When it came to sperm
viability and total sperm count, microsurgical varicocelect-
omy with TD was not superior to the group who did not

Records identified through Cochrane Library,
PubMed, Embase, Web of Science databases,

and China National Knowledge
Infrastructure

(n = 133)

Records after duplicates removed
(n = 80)

17 articles were included in the quantitative meta-analysis

Articles excluded with reasons:
Case reports (n = 6);

Reviews (n = 9);
Lack of control group (n = 10);

Records excluded for title and
abstract review

(n = 38)
Full-text records assessed for eligibility

(n = 42)

17 articles were included in the qualitative
systematic review

Records identified from all references
screened (n = 0)

FIGURE 1: Flow chart of the identification and selection of the included studies.
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receive TD (sperm viability: SMD= 0.44, 95% CI=−0.03 to
0.91, p¼ 0:068; total sperm count: SMD= 0.38, 95% CI=
−0.41 to 1.17, p¼ 0:352) (Table 2). Similar outcomes were
observed for improving sperm concentration at the short-
term follow-up of 3 and 6 months (3 months: SMD=−0.15,
95% CI=−0.71 to 0.42, p¼ 0:607; 6 months: SMD= 0.05,
95% CI=−0.39 to 0.49, p¼ 0:828) and at the 1-year long-
term follow-up (SMD=−0.08, 95% CI=−0.34 to 0.19, p¼
0:585) (Table 2). We measured progressive sperm motility at
3-month, 6-month, and 1-year follow-up with similar find-
ings (p>0:05 and Table 2). There was no obvious advantage
in decreasing abnormal sperm with microsurgical varicoce-
lectomy in combination with TD (SMD= 0.26, 95% CI=
−0.10 to 0.62, p¼ 0:150).

3.3.4. Natural Pregnancy and Improvement of Serum
Testosterone. When natural pregnancy was taken into
account, the pooled RR indicated that there was no advan-
tage for patients with TD (RR= 0.89, 95% CI= 0.71–1.11,
p¼ 0:311) (Table 3). We also failed to find a difference
between receiving TD and not improving testosterone levels
(SMD=−0.09, 95% CI=−0.76 to 0.59, p¼ 0:798) (Table 2).

3.3.5. Subgroup Analysis in Grade II–III Varicocele. To fur-
ther estimate the impact of varicocele severity upon postop-
erative semen quality, we performed this subgroup analysis
based on data from participants diagnosed with grade II or
III varicocele. TD during varicocelectomy failed to signifi-
cantly improve sperm concentration, sperm viability, total
sperm count, and progressive sperm motility compared to
that without TD (p>0:05 and Table 2). Overall, the presence
of TD had no significant effect on semen parameters in
patients with varicocele of grade II or III.

3.3.6. Publication Bias and Sensitivity Analyses. We adopted
sensitivity analyses to evaluate the effect of the data from
every single study on the pooled outcomes, thereby verifying
the robustness and reliability of the conclusions. The influ-
ence of every single study on the overall outcomes was esti-
mated by deleting one enrolled literature at a time. As shown
in Figure 4, the pooled results of this research were stable
with no individual study altering these combined SMDs or
RRs. We used Begger’s and Egger’s tests to assess publication

bias in our study and failed to detect publication bias, indi-
cating that the combined results were reliable (p>0:05,
Figure 5 and Tables 2 and 3).

4. Discussion

Varicocele is a common male condition that not only causes
uncomfortable symptoms such as scrotal cramping or pulling
pain, but also predisposes to infertility. Microsurgical varico-
celectomy is the gold standard for the treatment of varicocele
[38, 39]. Despite the clear advantages of microsurgical vari-
cocelectomy over the conventional surgical approach, recur-
rence and various complications of varicocele could still occur
and the major cause of recurrence remains controversial.
Although incompletely ligated branches of the internal sper-
matic vein can contribute to the recurrence of varicocele,
dilated external spermatic veins, and gubernaculum veins
may also contribute to the development of recurrence [40].
Some investigators have found that dilated testicular guber-
nacular veins were present in some people with recurrent
varicocele [41]. This clinical finding set the stage for delivery
of the testis and ligation of the gubernacular veins during
microsurgical varicocelectomy. Therefore, TD and ligation
of the gubernacular veins may significantly reduce the recur-
rence of varicocele [10].

Our research is an updated meta-analysis of clinical out-
comes and safety of microsurgical varicocelectomy with TD
for varicocele based on the latest available evidence, includ-
ing 10 RCTs and 7 cohort studies. Compared to varicoce-
lectomy without TD, complications such as scrotal edema,
testicular hydrocele, and orchiepididymitis were more fre-
quent after varicocelectomy with TD, and in terms of serum
testosterone levels, semen parameters, varicocele recurrence,
and natural pregnancy rates, we found no significant differ-
ences between them.

However, an earlier meta-analysis based on a limited
number of studies suggested that TD could reduce varicocele
recurrence [12], which arouse controversy about the effects
of TD on recurrence. In our updated meta-analysis, pooled
results of 17 articles indicated that TD in microsurgical var-
icocelectomy is not effective in decreasing the recurrence of
varicocele. The updated meta-analysis enrolled more high-

Random sequence generation (selection bias)

Blinding of outcome assessment (detection bias)

Allocation concealment (selection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75% 100%

Low risk of bias
Unclear risk of bias

High risk of bias

Blinding of participants and personnel (performance bias)

FIGURE 2: The risk of bias assessment for RCTs by Cochrane Risk of Bias Tool.
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Study
ID SMD (95% CI) Weight (%)

Note.  Weights are from random effects analysis

Overall  (I2 = 91.9%, p = 0.000)

Jiang et al. [16]

Liu et al. [18]

Li et al. [33]

Peiting and Liqing [19]

Hou et al. [30]

Xu [21]

Fan [15]

Jin et al. [17]

Wang et al. [14]

Longhuan et al. [35]

1.49 (0.99–1.98)

1.41 (0.97–1.86)

3.07 (2.57–3.57)

1.57 (1.16–1.97)

1.19 (0.72–1.66)

0.40 (0.00–0.79)

0.69 (0.28–1.09)

0.72 (0.28–1.17)

1.80 (1.45–2.16)

2.63 (2.03–3.23)

1.50 (0.92–2.07)

100.00

10.07

9.86

10.22

9.99

10.24

10.21

10.06

10.37

9.43

9.55

0–2 2

ðaÞ

Overall  (I2 = 0.0%, p = 0.830)

Choi et al. [34]

Peiting and Liqing [19]

Wang et al. [14]

Yang et al. [37]

Hou et al. [30]

Xu [21]

Liu et al. [18]

Li et al. [33]

Nie et al. [31]

4.20 (2.60–6.81)

2.64 (0.52–13.29)

2.42 (0.47–12.51)

7.00 (0.37–131.28)

33.27 (1.88–588.78)

3.43 (1.63–7.22)

2.94 (0.86–10.14)

13.81 (0.81–234.84)

5.41 (1.20–24.45)

3.00 (0.13–69.52)

100.00

10.01

10.51

2.90

1.44

40.65

18.50

3.20

9.88

2.90

10.2 5

Study
ID RR (95% CI) Weight (%)

ðbÞ

Overall  (I2 = 0.0%, p = 0.736)

Liu et al. [18]

Study
ID

Peiting and Liqing [19]

Li et al. [33]

6.58 (1.19–36.20)

3.00 (0.12–72.29)

3.62 (0.15–86.27)

13.57 (0.77–240.47)

RR (95% CI)

100.00

35.68

Weight (%)

32.36

31.95

0.00416 1 240

ðcÞ
FIGURE 3: Continued.
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quality RCTs than the earlier meta-analysis, which might be
used to explain the different results of recurrence between
the two meta-analyses.

A variety of complications can occur after microsurgical
varicocelectomy, of which scrotal edema is the most fre-
quent, and the cause is mainly related to extravasation of
lymphatic fluid due to intraoperative lymphatic vessel injury.
If the extravasated lymphatic fluid is not absorbed, it may
lead to testicular hydrocele [42]. The combination of micro-
surgical varicocelectomy with TD may be more likely to
damage the lymphatic vessels, resulting in a higher incidence
of scrotal edema and testicular hydrocele. Previous studies
have not focused on the impact of microsurgical varicoce-
lectomy on testicular hydrocele [12, 13]. In addition, testicu-
lar epididymitis is also more likely to develop after delivery of
the testis, which may increase the patient’s pain. Therefore,
microsurgical varicocelectomy without TD is a more mini-
mally invasive and safer surgical approach.

The ability to effectively improve pivotal semen parame-
ters is an important indicator of the efficacy of varicocelect-
omy. Analysis of the results of semen parameters after
microsurgical varicocelectomy suggested that patients in
the TD group did not show significant improvement in piv-
otal sperm parameters compared with those without TD. In
addition, a subgroup analysis based on patients with more
severe varicocele yielded similar results. Contrary to the
recent research [13], our findings indicate that microsurgical
varicocelectomy with TD did not yield significant improve-
ments in sperm concentration during both short-term and
long-term follow-up periods. Furthermore, there was no
observed increase in total sperm count. TD in microsurgical
varicocelectomy failed to significantly elevate serum testos-
terone levels in our present study, while the earlier meta-
analysis identified lower serum testosterone levels after TD
[12]. In addition, this additional operation of TD in micro-
surgical varicocelectomy contributed to a longer operative
time compared to varicocelectomy without TD in our

present study, whereas the earlier meta-analysis found no
significant difference in operation time [12]. The previous
meta-analysis enrolled a small number of studies for these
two outcomes and our meta-analysis contained a larger
number of eligible studies, which might be used to explain
the differences between the two meta-analyses regarding
serum testosterone and operative time.

In comparison to analogous meta-analyses conducted by
Liao et al. [12] and Song et al. [13], the present study encom-
passed 17 articles focusing on varicocele patients, which con-
sisted of 10 RCTs. Consequently, the present study provides
detailed and comprehensive information along with exten-
sive recommendations, as shown in Table 4. The present
study did not indicate any publication bias and additionally
conducted subgroup analyses considering follow-up dura-
tion and varicocele grades. The present study highlights the
association of TD with numerous complications and its inef-
fectiveness in improving semen parameters or reducing vari-
cocele recurrence. It is important to note the limited number
of studies included in the earlier analysis [12], which sug-
gested that TD could not reduce varicocele recurrence and
prolong the operation time. In addition, Song et al. [13]
emphasized the necessity for additional high-quality studies
in this field. In summary, the conclusions drawn from the
statistical analysis in this article are considered more reliable,
the data are comprehensive, and they hold greater value for
clinicians in their daily practice.

There are some advantages in this meta-analysis. First,
we designed an extensive literature search process and
selected a larger sample size of high-quality studies than
previous meta-analyses. Second, we obtained more results
by detailed stratification analyses. Third, we included up to
10 high-quality RCTs, which provided strong evidence sup-
port for the final outcomes. Although this study provided
more solid and convincing conclusions, there were some
limitations. Heterogeneity was observed in some results
despite following strict inclusion and exclusion criteria.

Overall  (I2 = 0.0%, p = 0.918)

Allameh et al. [29]

Hou et al. [30]

Nie et al. [31]

Wang et al. [14]

Li et al. [33]

6.33 (2.08–19.31)

2.96 (0.12–72.11)

3.00 (0.13–71.92)

3.00 (0.13–69.52)

11.00 (1.49–81.25)

6.76 (0.81–56.20)

100.00

15.02

14.91

14.91

29.81

25.35

0.0123 1 81.3

Study
ID RR (95% CI) Weight (%)

ðdÞ
FIGURE 3: (a) Forest plot of comparison of duration of surgery; (b) forest plot of comparison of scrotal edema; (c) forest plot of comparison of
testicular hydrocele; and (d) forest plot of comparison of orchiepididymitis.
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TABLE 3: Meta-analysis results of varicocele recurrence, complications, and natural pregnancy.

Outcomes
Heterogeneity

Effect model RR (95% CI) p Begger’s test P
I2 (%) pHeterogeneity

Varicocele recurrence 52.0 0.080 Random model 0.59 (0.15–2.29) 0.443 1.000
Orchiepididymitis 0.0 0.918 Fixed model 6.33 (2.08–19.31) 0.001 0.221
Scrotal edema 0.0 0.830 Fixed model 4.20 (2.60–6.81) 0.001 0.076
Testicular hydrocele 0.0 0.706 Fixed model 6.58 (1.19–36.20) 0.030 0.296
Wound infection 0.0 0.698 Fixed model 0.89 (0.31–2.55) 0.834 1.000
Natural pregnancy 0.0 0.844 Fixed model 0.89 (0.71–1.11) 0.311 0.462

Note: CI, confidence interval; RR, relative risk.

  2.29   4.20  2.60   6.81   8.89

Choi et al. [34]

Wang et al. [14]

Nie et al. [31]
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Hou et al. [30]

Yang et al. [37]
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Estimate
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 Meta-analysis estimates, given named study is omitted

FIGURE 4: Sensitivity analysis (scrotal edema).
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FIGURE 5: Funnel plot to detect publication bias (sperm concentration).
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The enrolled retrospective cohort studies may have the risk
of bias, reducing the credibility of our study.

5. Conclusion

TD during microsurgical varicocelectomy may lead to more
postoperative complications and may not be beneficial for
semen parameters, recurrence of varicocele, and natural
pregnancy.
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