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ABSTRACT

Introduction: Fontan circulation may cause chronic venous hypertension and predispose patients to varicocele and infertility,
but the clinical significance of surgical treatment remains unclear.

Case Presentation: We describe two patients with Fontan circulation who developed Fontan-associated varicocele (FAVC). A
42-year-old man presented with secondary infertility, bilateral varicocele, and progression to azoospermia after Fontan surgery.
A 28-year-old man had asthenozoospermia, bilateral varicocele, and repeated failure of assisted reproductive technology. Both
underwent bilateral microsurgical varicocelectomy with perioperative heparin bridging. Postoperative semen parameters im-
proved in both patients, with sperm reappearing in the first case.

Conclusion: Varicocelectomy for FAVC may restore spermatogenesis in selected cases, but the risk of postoperative recurrence
may be increased.

1 | Introduction 2 | Case Presentation

Fontan surgery is a widely used procedure for single-ventricle =~ 2.1 | Preoperative Course
congenital heart disease (Figure 1) [1]. Despite improved sur-

vival, chronic venous congestion can cause long-term compli- 211 | Casel
cations, including arrhythmia, heart failure, and liver cirrhosis
[2, 3]. At age 37, the patient presented with testicular discomfort and

was diagnosed with bilateral grade 3 varicocele. Initial semen
Chronic venous congestion due to Fontan physiology may lead analysis (SA) showed a sperm concentration of 15.2x10%/mL,
to the development of an acquired varicocele, which we define and he chose conservative management because of periopera-
as Fontan-associated varicocele (FAVC). tive risk.
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Keynote Message

 Fontan circulation can contribute to varicocele and
infertility because of chronically elevated venous
pressure.

« Despite possible recurrence and the need for careful
perioperative management, microsurgical varicoce-
lectomy should still be considered in selected patients.

extracardiac
conduit

FIGURE1 | Schematic of Fontan circulation.

At age 42, he underwent conversion from Bjork Fontan to total
cavopulmonary connection (TCPC). After TCPC, central ve-
nous pressure (CVP) was 8-9mmHg. Lower limb edema im-
proved, although the varicocele persisted. Several months later,
he presented again to our department with bilateral testicular
pain and discomfort. SA showed cryptozoospermia, progressing
to azoospermia 6 months after TCPC. Scrotal ultrasonography
demonstrated bilateral grade 3 varicoceles with testicular vol-
umes of 12mL on the right and 10mL on the left; intratesticular
varicocele was not evident.

His history included Bjork Fontan surgery for tricuspid atresia, re-
peated surgeries for bilateral lower extremity varices, and chronic
warfarin therapy. He had previously fathered one child naturally.

2.1.2 | Case2

A 28-year-old man was referred to our department with a left
grade 3 and right grade 1-2 varicocele, 2years after undergoing
TCPC. Initial SA showed preserved sperm concentration and
motility.

Several months later, ultrasonography revealed bilateral testic-
ular volumes of 18 mL and demonstrated left grade 3 and right

grade 2 varicoceles. Intratesticular varicocele was not evident.
SA then showed reduced total and progressive motility despite
preserved sperm concentration.

His history included a right modified Blalock-Taussig shunt,
conversion to TCPC, post-TCPC CVP of 10-11 mmHg, chronic
warfarin therapy, and infertility for more than 2years with re-
peated failed assisted reproductive technology (ART).

2.2 | Perioperative Course

Both patients underwent bilateral microsurgical subinguinal
varicocelectomy under general anesthesia with perioperative
heparin bridging therapy for continuous anticoagulation. Both
patients developed grade 1 subcutaneous hemorrhage that re-
solved conservatively.

2.3 | Postoperative Course

Postoperatively, sperm reappeared in the ejaculate of Case 1,
allowing him to proceed with intrauterine insemination with
partner semen (Table 1). Semen parameters improved in both
patients over time. In Case 1, sperm concentration and total
sperm count continued to improve during follow-up despite
recurrence of Grade 3 varicocele at 3 months. Serum FSH and
testosterone levels remained stable throughout the follow-up
period.

Preoperative ultrasonography revealed dilatation of pampini-
form plexus veins in Case 1, and reversal of venous flow with
marked enlargement during the Valsalva in Case 2 (Figure 2).
Postoperative ultrasonography demonstrated a marked reduc-
tion in the diameter of the pampiniform plexus veins by 1 month
after varicocelectomy. At 3months, however, Case 1 developed a
recurrence of Grade 3 varicocele, whereas Case 2 exhibited mild
subclinical recurrence, characterized by dilatation of several
veins. At the 6-month follow-up, neither patient had achieved
pregnancy.

3 | Discussion

After TCPC, systemic oxygenation and cardiac output generally
improve because of more efficient pulmonary circulation [2].
However, the circulation is achieved at the expense of chron-
ically elevated central venous pressure, which results in per-
sistent systemic venous congestion [4]. Consequently, organs
drained by the systemic venous system—including the liver,
kidneys, and pelvic organs—are continuously exposed to chron-
ically elevated venous pressure, predisposing patients to com-
plications such as hepatic congestion, ascites, peripheral edema,
and varicocele [2-5]. Liver congestion occurs in most Fontan
patients, and lower extremity venous reflux has been reported
in about 50% of adults [5, 6].

In post-Fontan patients, ovarian dysfunction is associated with
infertility and miscarriage [7]. However, there are no reports re-
garding the impact of Fontan physiology on male infertility. In
these cases, systemic venous congestion may have contributed
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TABLE1 | Temporal changes in semen parameters before and after surgery.

Casel Case 2
POD

SA Preoperative POD1mo POD3mo POD6mo Preoperative 1mo POD3mo POD 6mo
Volume (mL) 3.8 6.9 3.6 4.0 3.0 — 3.8 4.1
Concentration 0 33 9.6 16.2 30.0 — 45.0 56.0
(x10° /mL)
Total count 0 22.8 34.6 64.8 90.0 — 171.9 229.6
(x10°)
Motility (%) 0 41 54 60 40 — 29 72
Progressive 0 27 44 33 11 — 13 28
motility (%)
Abnormal — 85-95 25-30 85-95 40-45 — 80-90 80-90
morphology
(%)
FSH (mIU/ 15.0 26.7 28.0 21.5 6.9 — 16.7 19.9
mL)
Testosterone 9.2 8.6 7.4 6.4 11.2 — 5.2 7.3
(ng/mL)

Abbreviations: FSH, follicle-stimulating hormone; mo, month; POD, postoperative day; SA, semen analysis.

Case 1
Pre-op 1 mo

[

1 mo

3mo 6 mo

FIGURE2 | Temporal changes in Doppler ultrasound findings of varicocele before and after surgery. Serial Doppler ultrasound images of the bi-
lateral pampiniform plexus before surgery and at 1, 3, and 6 months postoperatively. Images were selected from comparable anatomical levels where
venous dilatation was most prominent, with the patient standing during the Valsalva maneuver. Initial improvement at 1 month was followed by

recurrent venous dilatation during follow-up. Scale bars are shown in each panel.

to the development of an acquired varicocele. In Case 1, SA de-
teriorated to azoospermia preoperatively but improved to within
the normal range after varicocelectomy. To our knowledge,
these are the first reported cases of microsurgical subinguinal
varicocelectomy for FAVC.

Varicocele is a common cause of impaired spermatogenesis [8].
Proposed mechanisms include abnormal genetics, incompetent
spermatic vein valves, increased venous pressure, and aberrant
venous anatomy [9]. Few reports have described an association

between elevated central venous pressure and varicocele devel-
opment [10]. Although most cases occur on the left side, bilateral
varicocele may develop when systemic or pelvic venous conges-
tion is present [8]. Therefore, chronic venous congestion associ-
ated with Fontan circulation may be a risk factor for varicocele
formation and deterioration of semen quality.

Meta-analyses have demonstrated that varicocelectomy in in-
fertile men with clinically palpable varicocele significantly
improves semen parameters compared with conservative
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FIGURE 3 | Proposed mechanism of Fontan-associated varicocele, the potential effect of varicocelectomy, and possible recurrence.

management [11]. In Fontan patients, persistent venous hyper-
tension may promote varicocele formation, impair spermato-
genesis, and increase the risk of recurrence (Figure 3).

A recent meta-analysis also reported higher odds of sperm re-
trieval, sperm appearance in the ejaculate, and clinical preg-
nancy after varicocele repair before testicular sperm extraction
[12]. In Case 1, varicocelectomy was selected because the couple
did not wish to pursue ART. Semen parameters improved de-
spite recurrent Grade 3 varicocele during follow-up, suggesting
that morphological recurrence may not immediately restore the
same adverse testicular environment. Even temporary improve-
ment may be clinically meaningful in infertility treatment, par-
ticularly when timed with ART.

In these cases, perioperative management was discussed in
advance with anesthesiology, cardiology, and cardiovascular
surgery, because multidisciplinary coordination is essential
in patients with Fontan circulation [13]. Particular attention
should be given to the risks of thrombosis and bleeding in the
perioperative period. Sperm DNA fragmentation was not evalu-
ated because this test was not available at our institution at that
time, which is a limitation of the present report. These cases also
highlight the importance of careful preoperative evaluation in
high-risk patients with Fontan physiology, and additional as-
sessment of sperm quality may help in deciding the indication
for surgery. Additional FAVC cases are needed to clarify its char-
acteristics and its relationship to other conditions associated
with elevated central venous pressure.

4 | Conclusion

We propose a new clinical entity, Fontan-associated varicocele,
which develops as a consequence of the systemic venous con-
gestion inherent to Fontan circulation. With careful perioper-
ative management, varicocelectomy for FAVC may be effective
in selected cases, although the risk of recurrence may be higher.
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