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 Introduction

The varicocele was initially described by 
Celsus in the first century AD, but effective 
treatments were not developed until the intro-
duction of the inguinal varicocelectomy by 
Narath in 1898 [1]. In 1949, Palomo intro-
duced an alternative—the high retroperitoneal 
ligation approach [2]. But the perception of 
varicoceles as innocuous conditions remained 
until 1955 when Tulloch et al. reversed a case 
of azoospermia by performing a bilateral high 
retroperitoneal ligation, establishing a new role 
for varicocelectomy in the treatment of male 
infertility [3].

In 1978, Lima et  al. introduced the first 
radiographic approach by performing percu-
taneous transvenous left spermatic vein occlu-
sion [4]. Meanwhile, microsurgical technology 
was rapidly developing, and some suggested 
microscopic enhancement during varicocelec-
tomy to prevent inadvertent ligation of the tes-
ticular artery [5]. However, the first reported 
use of microscopic assistance during inguinal 
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Key Points
• While there are technical considerations 

for choosing a particular approach for 
varicocele repair, embolization is unique 
in that it suffers from a significant rate 
of initial failure to treat.

• Various approaches to varicocele repair 
have demonstrated improvements in 
clinical outcome measurements; how-
ever, it is difficult to compare these tech-
niques given the lack of quality, 
prospective randomized trials.

• Surgery and radiographic approaches 
offer favorable complication profiles, 
but only microscopic inguinal or subin-
guinal varicocelectomy results in the 
lowest recurrence and complication 
rates.

• Only the intraoperative use of an opera-
tive microscope and microvascular 
Doppler has been shown to maximally 
reduce complication rates compared to 
alternative surgical approaches.

• Recurrent varicoceles may be treated 
with either surgery or radiographic tech-

niques with equivalent outcomes, 
although radiographic approaches may 
be preferred if the recurrence is bilateral 
or after previous surgery.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-79102-9_46&domain=pdf
https://doi.org/10.1007/978-3-319-79102-9_46
mailto:larryl@bcm.edu


506

varicocelectomy was not until 1985, the same 
year Marmar et  al. published the first series 
utilizing a subinguinal microsurgical technique 
[6]. Finally, with the advent of laparoscopic 
surgery in the 1990s, the high retroperitoneal 
approach became preferentially performed lap-
aroscopically [7].

While radiographic embolization remains 
in the armamentarium for varicocele treatment, 
surgical approaches, namely, microscopic ingui-
nal and subinguinal techniques, are considered 
the standard of care. In this chapter, we will 
review why surgery is preferred to radiographic 
approaches by discussing technical consider-
ations and comparing clinical outcomes, com-
plications, recurrences, and cost-effectiveness, 
highlighting specific situations where radio-
graphic techniques can play a unique role in con-
trast to surgery.

 Technical Considerations

There are technical considerations in performing 
the various varicocelectomy techniques, which 
can affect the outcome of the treatment and the 
preference of one procedure over another. This 
includes the possibility of an inability to treat 
with embolization, the optimal surgical equip-
ment, anesthetic concerns, and special consider-
ations in the adolescent and obese populations.

 Failure to Treat

One of the most important technical consider-
ations is the possibility of a failure to treat dur-
ing the initial treatment session with radiographic 
embolization. This occurs mainly from failure to 
access the internal spermatic vein. While this can 
be highly patient and operator dependent, a meta- 
analysis found a mean failure to treat of 13.05% 
(range 4.2–27.3%) among five studies [8]. Due 
to anatomical factors, a failure to treat is signifi-
cantly more common on the right than the left 
side, with one series demonstrating an 18.9% 
failure rate for right-sided embolization attempts 
vs. 3.2% for left [9].

The failure to treat phenomenon with radio-
graphic approaches is unreported with surgery 
and should be taken into consideration when 
counseling patients on the best approach to initial 
treatment of their varicocele.

Finally, not all centers may have the facilities 
required for embolization. The necessary micro-
catheter, specific embolic agents or devices, and 
specially trained interventional radiologists with 
experience in internal spermatic vein occlusion 
procedures will all be needed.

 Surgical Equipment

The routine use of the operative microscope and 
microsurgical techniques during inguinal or sub-
inguinal varicocelectomy is the surgical standard 
of care. While some surgeons perform these pro-
cedures macroscopically or loupe-assisted, several 
studies have shown that these approaches have 
higher complication and recurrence rates [10–12].

Similarly, the use of intraoperative Doppler 
assistance has outperformed non-Doppler- 
assisted, microsurgical subinguinal varicocelec-
tomy with significantly more spermatic arteries 
spared (1.9 vs. 1.3), spermatic veins ligated (7.8 
vs. 7.0), and shorter operative time (41.9 vs. 
52.7  min) in the Doppler-assisted group [13]. 
These authors prefer to use the 20 megahertz 
microvascular Doppler system by Vascular 
Technology™ (VTI) during all varicocelectomy 
cases. The 1.5 mm tip is significantly smaller than 
alternative Doppler probes and is well suited to 
identify the small vessels of the spermatic cord. 
Indeed, the standardly available, larger Doppler 
probes carry a higher risk of misidentifying sper-
matic arteries, leading to possible arterial injury.

As such, when choosing to perform an ingui-
nal or subinguinal varicocelectomy, one should 
use an operative microscope, microsurgical tech-
niques, and a microvascular Doppler to maxi-
mize success and minimize complications. If 
this equipment is not available or the surgeon is 
uncomfortable with its use, then one may con-
sider embolization as a viable alternative treat-
ment if a skilled interventional radiologist is 
available.
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 The Morbidly Obese Patient

While there is limited published data on the com-
plications of inguinal or subinguinal varicocelec-
tomy techniques in the morbidly obese, data from 
inguinal hernia surgery reports a significantly 
higher infection rate in this population [14]. Given 
the increased skin to spermatic cord distance, 
increased tension on the spermatic cord is some-
times required to bring it high enough for adequate 
visualization during microscopic varicocelectomy, 
which may theoretically lead to worse outcomes, at 
least temporarily. Nevertheless, microscopic vari-
cocelectomy has been shown to be equally effec-
tive in improving semen parameters and pregnancy 
rates in obese men as in normal-weight men [15].

However, embolization is not necessarily eas-
ier or safer in the morbidly obese. Vascular access 
in the morbidly obese is more difficult, even with 
ultrasound assistance [16]. Additionally, higher 
rates of vascular complications after catheteriza-
tion procedures have been reported in morbidly 
obese patients [17].

Given the increased risk with all approaches 
to varicocele treatment in the morbidly obese 
patient, there is no optimal treatment approach 
when assessing the technical considerations of 
these procedures.

 The Adolescent Patient

While the best approach to varicocele treatment 
in adolescents has not been established, laparo-
scopic varicocelectomy is more commonly per-
formed than in the adult. A survey of pediatric 
urologists found that the most commonly used 
treatment approach to the adolescent varicocele 
was laparoscopic (38%) [18]. This is in contrast 
to the feasibility of microsurgical varicocelec-
tomy in the adolescent population as modern 
series have shown similar, or lower, hydrocele 
and recurrence rates with subinguinal vs. lapa-
roscopic approaches [19–22]. While the reason 
for a preference for the laparoscopic approach 
among pediatric urologists remains unclear, it 
may be due to differences in surgical training and 
comfort with these techniques.

Embolization is an accepted alternative in 
the adolescent patient, with several small series 
demonstrating success rates of >90% [23–25]. 
However, similar to adults, technical and ana-
tomical issues lead to a failure to treat in these 
studies upward of 7%. Given these concerns, 
surgical therapy remains the preferred treatment 
of varicoceles in the adolescent patient; however, 
most pediatric urologists continue to prefer a lap-
aroscopic approach.

 Anesthetic Considerations

In contrast to surgical approaches, embolization 
is performed under sedation with local anes-
thesia [26]. While some surgeons may attempt 
microsurgical varicocelectomy under sedation or 
regional anesthesia, these authors highly recom-
mend a general anesthetic. This is due to the need 
for fine microscopic dissection, as even small 
movements under the operating microscope are 
highly magnified.

Given the different anesthetic requirements 
between surgical and radiographic approaches, 
there may be a role for varicocele embolization 
in the patient who is unable to undergo a general 
anesthesia for varicocele treatment due to high 
risk or patient preference.

 Comparison of Clinical Outcomes

The overall body of literature supports that treat-
ment of varicoceles in general improves male 
fertility outcomes and scrotal pain. However, it is 
difficult to compare therapeutic outcomes among 
different techniques for varicocele treatment 
given the lack of randomized controlled trials.

 Male Infertility

Historical meta-analyses of the available, but 
poor-quality studies led to historical controversy 
regarding the effectiveness of varicocele treat-
ment for improving male-factor infertility. But 
high-quality data has since been produced, and 
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modern meta-analyses clearly demonstrate a 
benefit to varicocele repair for improving semen 
parameters and pregnancy rates [27–30]. The 
majority of this data focuses on outcomes from 
microsurgical varicocelectomy. A more recent 
randomized controlled trial comparing micro-
surgical varicocelectomy to nonintervention in 
infertile males with varicoceles and semen abnor-
malities demonstrated significant improvements 
in both semen parameters and natural pregnancy 
rates in the treatment arm (odds ratio of natural 
pregnancy 3.04) [31].

A recent meta-analysis performed exclusively 
to determine the best technique for fertility- 
focused varicocele treatment found that microsur-
gical varicocelectomy techniques had the highest 
overall spontaneous pregnancy rate at 41.97% 
compared to 33.2% in the embolization group 
[8]. A prospective, but non-randomized, study 
of men with infertility, semen abnormalities, and 
varicoceles undergoing either subinguinal micro-
surgical varicocelectomy or embolization dem-
onstrated a similar improvement in sperm quality 
and pregnancy rates between the groups [32].

In summary, while varicocele treatment 
clearly improves male-factor infertility, the exist-
ing data does not clearly support one treatment 
approach over another in this regard.

 Scrotal Pain

In a review of studies on the surgical techniques 
of varicocele for pain, microsurgical approaches 
have demonstrated the best overall success rate. 
A review of eight studies using microsurgical 
varicocelectomy demonstrated a mean complete 
pain resolution rate of 85% and a failure rate of 
9% [33]. The same review examined six studies 
using non-microsurgical varicocelectomy tech-
niques and demonstrated a mean complete pain 
resolution rate of 72% and failure rate of 10%. 
In three studies on laparoscopic varicocelectomy 
for pain, there was a mean complete pain resolu-
tion rate of 81% with a failure rate of 14%.

Some data exists supporting embolization as 
primary treatment of varicoceles for scrotal pain. 
One study demonstrated that 86.9% of patients 

had complete resolution of pain at 39 months fol-
low-up after embolization [34]. However, failure 
rates with this approach tend to be higher than 
with microsurgical varicocelectomy [32].

As with the treatment of male-factor infertil-
ity, data supports the benefit of varicocele repair 
for scrotal pain, but it is difficult to determine a 
best technique given the lack of quality, compara-
tive data.

 Complications

Both surgical and radiographic approaches to 
varicocelectomy are generally considered low- 
risk procedures. However, each approach pres-
ents a unique complication profile, which should 
be considered when deciding on a treatment 
approach with each individual patient.

 Surgical Treatment

Surgery involves general anesthesia to perform 
either a subinguinal, inguinal, or retroperitoneal 
incision or a laparoscopic approach to selectively 
ligate the internal spermatic vein while sparing 
the arteries and lymphatics. The complications 
inherent to surgery include recurrence, hydro-
cele, testicular pain, surgical site pain, testicular 
atrophy, bleeding, and infection. With the excep-
tion of varicocele recurrence and hydrocele, each 
complication generally occurs in 0–4% of cases 
depending on surgical approach [32, 35–37].

Despite the diversity of surgical approaches, 
all demonstrating improved clinical outcomes, 
only inguinal and subinguinal microsurgical 
varicocelectomy are associated with the lowest 
complication and recurrence rates [35, 37, 38]. 
Indeed, two recent meta-analyses support these 
findings by demonstrating a lower recurrence rate 
(1.05% vs. 2.6–14.97%), hydrocele rate (0.44% 
vs. 2.84–8.24%), and lower likelihood of overall 
complication (OR 0.05–0.07; 95% CI, 0.02–0.19) 
with microsurgical compared to retroperitoneal 
or laparoscopic approaches [8, 39]. Furthermore, 
the laparoscopic approach is uniquely associated 
with subcutaneous scrotal emphysema, inferior 
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epigastric artery injury, severe hemorrhage, and 
scrotal pain in up to 7% of patients [8].

While the routine use of an operative micro-
scope during inguinal or subinguinal varicocelec-
tomy has been challenged, it does provide superior 
visualization of the spermatic cord structures, 
mitigating recurrence and complication rates. 
Several series comparing microscopic assistance 
to loupe magnification or none at all have shown 
significantly lower recurrence (0% vs. 3–14.9%), 
hydrocele (0% vs. 2.9–5.9%), and testicular artery 
injury (0% vs. 9.2%) rates using the operative 
microscope [10–12]. As previously discussed, we 
recommend the routine use of an operative micro-
scope and microvascular Doppler probe to allow 
for easier identification of the vascular anatomy.

Whether the inguinal or subinguinal approach 
is superior remains controversial. Anatomic data 
has demonstrated a higher number of spermatic 
vessels with the subinguinal approach due to dis-
tal vascular branching [40], which may explain 
some reports of shorter operative times with the 
inguinal approach [41]. However, others have 
shown no difference in operative times [42]. 
Inherent to the inguinal approach is a larger inci-
sion and division of the external oblique aponeu-
rosis, which has been shown to result in increased 
postoperative pain [43].

Taken as a whole, when assessing complica-
tions, these data demonstrate that inguinal or 
subinguinal microsurgical varicocelectomy with 
intraoperative Doppler assistance is the gold 
standard of surgical therapy for varicocele repair.

 Radiographic Treatment

In contrast to surgery, radiographic approaches 
are less invasive and can be routinely performed 
under local anesthesia or sedation. The predomi-
nant radiographic techniques include percutane-
ous embolization or sclerotherapy [44]. Given 
the different approach compared to surgery, 
radiographic treatments present a unique set of 
possible complications, including failure to treat 
(as previously discussed).

All radiographic approaches are associated 
with minor complications. The most common is 

post-procedural testicular pain or epididymitis 
persisting for up to 10  days (3–17%) [44–47]. 
Less commonly, an inguinal hematoma or con-
trast allergy may also occur [45, 48]. More con-
troversial is the risk of hydrocele. Theoretically, 
hydrocele should not occur with radiographic 
approaches given isolated manipulation of the 
venous system, as shown in several series with 
zero reported hydroceles [23, 49]. However, one 
series reported hydroceles in 4.5% of cases [34].

Less common, but potentially higher risk 
complications have also been reported. Venous 
perforation with or without dissection into the 
renal vein or IVC can occur in up to 4% of cases, 
though often without clinical consequence [44, 
48]. Also, endovascular coil migration to the right 
atrium and pulmonary arteries has been reported, 
potentially mitigated by proper selection of coil 
size [50, 51]. Lastly, ischemic colitis and bowel 
necrosis are rare but reported complications of 
the use of sclerotherapeutic agents [52, 53].

Theoretically, recurrences following radio-
graphic approaches should be minimal given the 
operator’s ability to identify all venous tributaries 
within and outside of the spermatic venous system 
[54]. Yet, recurrences still occur and have been 
reported in 0–24% of radiographic cases, although 
greater operator experience is associated with a 
lower risk of recurrence [8, 39, 44]. However, it is 
important to note the significantly lower range of 
reported recurrences with microscopic subinguinal 
or inguinal varicocelectomy of <2% [55].

In general, radiographic approaches offer a 
slightly less invasive treatment option that can 
be performed without general anesthesia but 
may result in rare, but serious complications and 
higher likelihood of recurrence than the surgical 
gold standard of microsurgical varicocelectomy.

 Recurrent Varicocele

Regardless of the initial method used to correct 
a varicocele, recurrence rates are generally low. 
While the data evaluating treatment of varicocele 
recurrences are sparse, microsurgical varicoce-
lectomy and percutaneous embolization are both 
viable options.

46 Should Varicoceles Be Managed Surgically or Radiographically? (Surgery)



510

 Surgical Treatment

There are three series to date evaluating the use 
of surgical intervention for recurrent varicoceles, 
but one employed a subinguinal approach without 
microscopic assistance and will not be  discussed. 
The first includes 54 patients who initially under-
went non-microscopic inguinal (74%), retro-
peritoneal high ligation (10%), microscopic 
inguinal (4%), or non-microscopic subinguinal 
(2%) approaches. Postoperative mean serum tes-
tosterone, testicular volume and median sperm 
concentration, percent motility, and total motile 
sperm count all demonstrated statistically sig-
nificant improvement after undergoing repeat 
varicocelectomy via a microsurgical subinguinal 
approach with no reported recurrences [56]. The 
second series included 12 patients initially diag-
nosed with orchialgia, but the method of initial 
varicocelectomy is unknown. All patients under-
went reoperation via a microsurgical subingui-
nal approach, and no recurrences were reported. 
Also, a favorable pain response was found in 
91% of patients [57].

 Radiographic Treatment

Percutaneous embolization offers a less invasive 
option for recurrent varicoceles as many may 
have initially undergone a surgical approach. 
Recurrent varicoceles are associated with 
increased collateral vasculature, which, in addi-
tion to a previously operated field, may make 
redo surgery technically more difficult [44, 58]. 
Indeed, up to 93% of recurrent varicoceles are due 
to incompetent gonadal veins, 66% of which are 
due to gonadal vein duplication, which is readily 
identifiable radiographically [54]. A recent series 
of 28 patients with recurrent left varicoceles after 
previously undergoing laparoscopic varicocelec-
tomy (39%), retroperitoneal high ligation (25%), 
or inguinal varicocelectomy (25%) underwent 
percutaneous embolization, which was feasible 
in 93% of cases. Post- procedural success was 
determined by physical examination, revealing 
80% of cases resolved, 16% improved, and 4% 
no change. In those with scrotal content pain, 

83% showed resolution or improvement [59]. 
Other series utilizing either percutaneous sclero-
therapy or embolization with post-procedural 
success evaluated by physical exam have shown 
similar results [54, 60, 61]. However, detection 
of recurrent varicocele by physical exam can be 
very subtle as thickening of the spermatic cord 
may persist despite resolution of the underlying 
vascular reflux.

In summary, recurrent varicoceles may be 
treated with either surgery or radiographic tech-
niques, as insufficient comparable data is avail-
able to make a definitive conclusion. These 
authors advocate consideration of a radiographic 
approach in cases of varicoceles recurrence after 
surgery to mitigate the morbidity of a second 
operation. However, one could consider surgery 
in the context of a bilateral recurrence, recurrence 
after initial radiographic procedure, or if the redo 
surgery can be performed on a different segment 
of the spermatic cord than the initial operation.

 Cost-effectiveness

When multiple therapeutic approaches exist 
to treat the same condition, one measure of 
comparison is cost. However, it is important to 
distinguish between the upfront cost and the 
overall cost-effectiveness of a treatment. Older 
studies reported that the cost per treatment 
was lower for embolization compared to the 
surgical approaches for varicocelectomy [62, 
63]. However, these studies do not account for 
attempted embolizations that are aborted due to 
access failure, therapeutic ineffectiveness, or the 
treatment of recurrences. This is why a compari-
son of overall cost-effectiveness is more relevant.

A recent analysis demonstrated that micro-
surgical varicocele repair is more cost-effective 
than embolization in the treatment of male infer-
tility [64]. Using data pooled from 33 studies, 
and taking into account the cost of treatment, the 
recurrence rate, the cost of retreatments, and the 
pregnancy rates, the authors performed a Markov 
decision analysis that demonstrated microsurgi-
cal varicocelectomy to be the most cost-effective 
primary treatment strategy for varicoceles. The 
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reported cost per pregnancy was about 25% 
less for microsurgical varicocelectomy than 
embolization.

 Conclusion

While several options exist for varicocele treat-
ment, the preferred primary approach is the 
microsurgical inguinal or subinguinal varicoce-
lectomy. Since the different approaches have all 
been shown to be effective, but have not been 
readily studied prospectively, the preference for 
microsurgical varicocelectomy is largely based on 
the lower rate of complications and recurrences 
compared to other techniques. This approach also 
avoids the unique problem of failure to treat as 
with embolization procedures. However, there 
remains a role for embolization when proper sur-
gical instrumentation is not available, anesthetic 
concerns exist, specific complications are of con-
cern, or in the treatment of recurrent varicoceles.

 Multiple Choice Questions and 
Answers

 1. Which of the following is a unique consider-
ation specific to embolization compared to 
surgery?
 (a) Treatment of the obese patient
 (b) Treatment of the adolescent patient
 (c) Failure to initially treat
 (d) Type of anesthetic required

 2. Which of the following is the only optical sur-
gical instrument that has been shown to reduce 
postoperative complications following surgi-
cal varicocelectomy?
 (a) Magnifying loupes
 (b) Operative microscope
 (c) Laparoscopic camera
 (d) Robotic endoscopic camera

 3. Which of the following complications is not 
associated with surgical varicocelectomy?
 (a) Incisional infection
 (b) Hydrocele
 (c) Varicocele recurrence
 (d) Renal vein dissection

 4. Which of the following is the most commonly 
encountered complication following percuta-
neous radiographic treatment for varicocele?
 (a) Endovascular coil migration
 (b) Arterial perforation
 (c) Testicular pain
 (d) Inguinal hematoma

 5. Which of the following surgical approaches to 
varicocelectomy has demonstrated superior 
complication rates in the pediatric and adoles-
cent populations?
 (a) Microscopic varicocelectomy
 (b) Laparoscopic varicocelectomy

Review Criteria
An extensive search of studies examining 
the surgical or radiographic treatment of 
varicoceles was performed using search 
engines such as PubMed, MEDLINE, and 
Google Scholar. Pertinent literature pub-
lished within the past 30 years was evalu-
ated. Literature describing the history of 
varicocele treatment published prior to the 
30-year search period was also evaluated. 
In order to hone our search, the following 
keywords were used: “varicocele,” “varico-
celectomy,” “varicocele repair,” “varicocele 
surgery,” “varicocele embolization,” “vari-
cocele sclerosis,” “varicocele repair suc-
cess,” “varicocele surgery complications,” 
and “varicocele embolization complica-
tions.” Articles not published in English 
were not evaluated. For individual varico-
cele treatment modalities, meta- analyses, 
randomized controlled trials, and single-
center or retrospective cohort series were 

evaluated. For treatment complications, 
meta-analyses, randomized controlled tri-
als, single-center or retrospective cohort 
series, and review articles were evaluated. 
Data that were solely published in confer-
ence or meeting proceedings or websites 
were not included.
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 (c) Retroperitoneal high ligation 
varicocelectomy

 (d) Percutaneous anterograde embolization
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