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Abstract

Background: The benefits of performing open versus laparoscopic gubernaculum-sparing second-stage Fowler–
Stephens orchiopexy (FSO) remain unclear. We compared the two techniques to answer this question.
Methods: We retrospectively studied a cohort of patients who underwent laparoscopic first-stage FSO and open
versus laparoscopic gubernaculum-sparing second-stage FSO at our institution between September 2004 and
June 2020 (all patients underwent surgery by a single surgeon). We evaluated both procedures based on the
incidence of testicular atrophy, testicular ascent, and other complications.
Results: The age at initial surgery was 45.7 – 28.2 months (median, 39). One hundred nine cases were treated
with open second-stage gubernaculum-sparing FSO (OFSO), and 96 cases were treated with laparoscopic second-
stage gubernaculum-sparing FSO (LFSO). The mean follow-up period was 59.8 months (median, 54; standard
deviation, +35). The overall testicular atrophy rate was 1.5%. Atrophy was observed in 2 and 1 patient in the
OFSO and LFSO groups, respectively (1.8% versus 1.0%, P > .05). There was no significant difference in the
incidence of testicular ascent between both groups (2.8% versus 3.1%). Five and four complications were noted
in the OFSO and LFSO groups, respectively (P > .05).
Conclusions: Second-stage gubernaculum-sparing FSO achieved high testicular survival rates and satisfactory
testicular positions. Neither the open nor laparoscopic approach appeared superior, because the overall testicular
survival rates and incidence of testicular ascent and other complications were equivalent between both groups.
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Introduction

The ideal surgical management for intra-abdominal
testes (IAT) has been debated for many years. In most

cases, the short spermatic vessel is the main limiting factor

that prevents the proper positioning of the testis in the scro-
tum.1,2 To facilitate tension-free testicular mobilization into
the scrotum, Fowler and Stephen were the first to describe a
technique that divides the testicular vessels, which provides
more length and allows the IAT to descend into the scrotum.3
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Studies show that the two-stage Fowler–Stephens orchio-
pexy (FSO) is better than the one-stage FSO,4,5 such
that the two-stage technique is now the recommended
method.6,7

However, the overall atrophy rate for the two-stage FSO is
still as high as 10%,5 and testicular loss usually occurs after
the second-stage FSO.8 Moreover, the technique for the
second-stage FSO is not standardized.9 There is still con-
flicting evidence on whether open or laparoscopic second-
stage FSO provides better outcomes.9

Testicular survival after the second-stage FSO procedure is
dependent on an adequate arterial supply10; preserving two
sources of collateral blood supply (deferential artery and gu-
bernaculum) is associated with better outcomes compared with
preserving just one source (deferential artery).7 In theory,
compared with open surgery, laparoscopic surgery may im-
prove testicular survival rates, because it provides better visi-
bility, which aids in the proper dissection of the spermatic cord
in the retroperitoneum.11 We tested this hypothesis by com-
paring the postoperative testicular atrophy rates between open
and laparoscopic second-stage FSO. We reviewed the outcomes
of children with IAT who underwent open or laparoscopic
second-stage gubernaculum-sparing FSO at our institution.

Materials and Methods

Study design and patient selection

The study was approved by the institutional review board of
Shenzhen Children’s Hospital. Written informed consent was
obtained from the parents/guardians of all patients before
treatment. We retrospectively reviewed cases of IAT who were
treated with laparoscopic first-stage FSO and open versus
laparoscopic second-stage gubernaculum-sparing FSO at our
institution between September 2004 and June 2020. IAT was
defined as testes lying >2 cm above the internal inguinal ring. In
the IAT cases, testes may not reach the scrotum without divi-
sion of the testicular vessels. A total of 6 patients were exclu-
ded, because they had missing data.

We also excluded 7 cases with <12 months of follow-up
and 4 cases with bilateral ITA from the final analyses. In total,

205 boys with complete clinical records were included in our
study and these patients underwent surgery by a single sur-
geon. The choice of open or laparoscopic gubernaculum-
sparing second-stage FSO for IAT was based on surgeon’s
preference. A total of 109 patients underwent open second-
stage gubernaculum-sparing FSO and 96 patients underwent
laparoscopic second-stage gubernaculum-sparing FSO.

Surgical technique

Laparoscopic first-stage FSO. Laparoscopic first-stage
FSO was performed in all patients with short spermatic
vessels. In this procedure, the spermatic vessels were clipped
and divided *2 cm proximal to the testis.

Laparoscopic second-stage FSO. Laparoscopic second-
stage FSO was performed after a mean period of 6.5 months
(range 5.5–9). A peritoneal flap was created by dividing
the peritoneum between the vas deferens and vessels, and
the testis. The resulting peritoneal flap encompassed the vas
deferens, testis, gubernaculum, and communicating branch
of the blood vessel/s (Fig. 1A, B). The spermatic vessels were
then divided between the endoclips that were applied during
the first-stage FSO. Further dissection was performed prox-
imal to the vas deferens, which provided generous mobiliza-
tion of the peritoneal triangle that contained the collateral
blood supply to the testis.

A small scrotal incision was made, and a laparoscopic dis-
sector was advanced through the internal inguinal ring into
the scrotum. A mosquito artery forceps was introduced through
the same path and used to grasp the testis at the gubernaculum
(Fig. 1C) and reposition it into the dependent ipsilateral
scrotum (Fig. 1D). If excessive testicular tension was noted,
the peritoneum over the vas deferens was further dissected.

Open second-stage FSO. Open second-stage FSO was
performed by retrieving the testis through an oblique inguinal
incision that exposed the inguinal canal. The same steps as
described previously for laparoscopic second-stage FSO were
performed to dissect, mobilize, and deliver the testis into the
Dartos pouch.

FIG. 1. Intraoperative images. (A) This photograph shows the outline of the dissection plane for the peritoneal flap, which
contains the collateral vessels; (B) this photograph shows the outline of the dissection plane of the actual peritoneal flap;
(C) this photograph shows the mosquito artery forceps within the abdominal cavity and grasping the gubernaculum of the
testis through the internal inguinal ring; (D) this photograph shows the well-vascularized testis positioned in the scrotum.
Color images are available online.
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Follow-up

The patients were evaluated at 1, 6, and 12 months post-
operatively and annually thereafter. An ultrasonography exam-
ination was performed at each evaluation and testicular
volume and position were noted. Success was defined as a
palpable testis in the scrotum. Ascent was defined as the
location of the testis outside the scrotum, testicular atrophy
was defined by the presence of an impalpable testis or a
testicular nubbin, and was confirmed by ultrasonography.

Statistical analysis

Statistical analysis was performed using SPSS version 22.0.
Categorical variables were evaluated using the chi-square test
or logistic regression analysis, whereas continuous data were
analyzed using the Student’s t-test or covariance analysis.
Statistical significance was set at P < .05.

Results

A total of 205 children were included in our study: 109
cases were treated with open gubernaculum-preserving
FSO (OFSO) and 96 cases were treated with laparoscopic
gubernaculum-sparing FSO (LFSO). None of the laparo-
scopic cases required conversion to open surgery. The mean
age at initial diagnosis was 45.1 months (standard deviation
[SD] –27.5) in our institution. The mean age at initial sur-
gery was 45.7 months (SD –28.2). The patients’ demo-
graphic characteristics and outcomes are summarized in
Table 1.

The mean follow-up time was 59.8 months (SD –35).
There was no significant difference in the success rates
between the OFSO and LFSO groups (95.4% versus 95.8%,
P > .05). Ultrasonography results showed no significant dif-
ference in the testicular volumes between the two groups
(0.39 – 0.66 mL versus 0.38 – 1.02 mL, P > .05, Table 1).

There were five complications in the OFSO group
(4.6%), including four inguinal or scrotal hematomas and
one scrotal wound infection, compared with three com-
plications in the LFSO group, including one umbilicus
hematoma, one scrotal hematoma, and one scrotal wound
infection. The overall atrophy rate was 1.5% (3/205) and
included 2 and 1 patient from the OFSO and LFSO groups,
respectively (1.8% versus 1.0%, P > .05, Table 1). Over the
course of the follow-up, testicular ascent was noted in 3

and 3 patients in the OFSO and LFSO groups, respectively
(2.8% versus 3.1%, P > .05, Table 1).

The OFSO group had significantly longer operating times
(66.8 versus 51.2 minutes, P < .05, Table 1), but lower
treatment costs (6566 – 1085 China Yuan [CNY] versus
8414 – 1255 CNY, P < .05, Table 1).

Discussion

Regardless of the surgical technique used to treat IAT, the
success of orchiopexy is dependent on preserving adequate
blood supply to the testis.4,12 Higher testicular atrophy rates
have been observed in both open and laparoscopic second-
stage FSO (following a laparoscopic first-stage procedure)
when the gubernaculum was transected,7,13,14 because
the gubernaculum provides an excellent blood supply.15

Ellis et al. demonstrated the presence of a rich arterial net-
work between the gubernacular vessel and overlying sper-
matic and deferential vessels laterally. Preservation of the
gubernaculum in the second-stage FSO procedure plays an
important role in ensuring testicular survival.10

The two-stage gubernaculum-sparing FSO technique is
associated with lower testicular atrophy rates. Since 2004,
our unit has utilized this technique, through either the open
or laparoscopic approaches, for all cases of IAT. Our results
showed that preserving the gubernaculum and its collateral
blood supply (cremasteric vessels) during staged FSO pro-
vided high success rates, because only 2 (1.8%) and 1 (1.0%)
case of testicular atrophy were observed in the OFSO and
LFSO groups, respectively.

The preliminary research on this technique is encouraging.
Braga et al. reported that two-stage LFSO provided testis
survival rates close to 99%.7 Dave et al. performed laparo-
scopic first-stage FSO with open second-stage FSO to treat
IAT in 12 cases and demonstrated success rates of up to
100%.16 Therefore, the gubernaculum-sparing technique
seems integral to improving the long-term outcomes of IAT.

The desired outcome after FSO is a palpable testis in the
scrotum. The conventional second-stage FSO incises the
gubernaculum and passes the testis medial to the inferior
epigastric vessels to obtain the shortest route to the scro-
tum.17 Alagaratnam et al. retrospectively studied cases trea-
ted with staged FSO and reported an 8.8% rate of testicular
ascent. They proposed that mobilization of the testes through
the inguinal canal carries a greater risk of ascent versus

Table 1. Demographic and Clinical Characteristics and Outcomes of Patients

Classified According to Group

Variable OFSO LFSO P

Number of patients 109 96
Age (months) 45.3 (range, 10–133) 46.6 (range, 8–155) >.05
Follow-up (months) 58.6 (range, 13–157) 60.1 (range, 15–141) >.05
Success rate 104 (95.4%) 92 (95.8%) >.05
Testicular volume growth (mL) 0.39 – 0.66 0.38 – 1.02 >.05
Complications 5 (4.6%) 4 (4.2%) >.05
Atrophy 2 (1.8%) 1 (1.0%) >.05
Testicular ascent 3 (2.8%) 3 (3.1%) >.05
Cost (CNY) 6566 – 1085 8414 – 1255 <.001
Operating time (minute) 66.8 – 14.5 51.2 – 10.3 <.001

CNY, China Yuan; FSO, Fowler–Stephens orchiopexy; LFSO, laparoscopic gubernaculum-sparing FSO; OFSO, open gubernaculum-
preserving FSO.
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passage through a new path medial to the inferior epigastric
vessels.18 However, a recent study demonstrated that the
incidence of testicular ascent was not significantly different
with either technique.7 Interestingly, our study showed sim-
ilar results, because only 2.9% of cases showed evidence of
testicular ascent during follow-up.

Regardless of the technique used to position the testis
within the scrotum, the length of the vas deferens is the main
limiting factor that affects the final position of the testis
during the second-stage FSO. Adequate dissection is often
sufficient in our experience. In this study, adequate dissec-
tion allowed us to position the testes tension free within the
scrotum in 95.6% of our cases. The peritoneum over the vas
deferens was further dissected when necessary. We also
agree that the testis has a tendency to descend spontaneously
after the first-stage FSO. Robertson et al. reported that 10 of
25 testes were positioned lower after vessel ligation.15

In two small case series with retrospective study,
the success rate of laparoscopic second-stage FSO was
higher than that of open second-stage FSO,15,19 because the
former provides magnification, which allows for detailed
dissection and better preservation of the tiny collateral cir-
culation. The laparoscopic approach also avoids the other
collateral circulation otherwise damaged by the open ap-
proach.20 However, Casanova et al. reported the opposite
results and argued that the open approach allows surgeons to
handle the testis more delicately and better preserve the
collateral vessels.9 Overall, there is still no consensus on
whether the open or laparoscopic approach provides better
outcomes for the second-stage FSO.

In this study, there was no statistically significant differ-
ence in the therapeutic efficacy between both groups. Our
study analyzed the largest series of IAT cases treated with
open versus laparoscopic second-stage FSO in the literature
and followed these cases through a median period of >59
months. Our analysis demonstrated that overall success was
more dependent on whether the collateral vessels were pre-
served rather than whether the open or laparoscopic approach
was utilized. In our series, the vas deferens artery and guber-
nacular blood supply were clearly identified and easily pre-
served in both open and laparoscopic surgeries.

Ultrasonography examination also revealed that the tes-
ticular volume in both groups increased after surgery, but
there was no significant difference in the testicular volume
growth between the two groups. Our research and existing
literature17,21 support the role of less dissection in improved
testicular survival. We thus propose that preserving the
gubernacular collaterals should be an indispensable step in
the second-stage of FSO, regardless of whether an open or
laparoscopic approach is taken.

Complications after staged FSO surgery have been reported,
usually as individual case reports.5 The main complication
found in our study was wound hematoma, which may have
developed from injury to the small vessels and/or inadequate
hemostasis. Although not statistically significant, the laparo-
scopic approach is associated with fewer complications than
open surgery. This may be due to the advantages of a small
wound and improved magnification during surgery.

Laparoscopy provides good mobilization of the testis
and complete release of the vas deferens in the second-stage
FSO.11 Consequently, satisfactory orchiopexy may be per-
formed, because the pedicle provides sufficient length to

reach the dependent part of the scrotum. Interestingly, there
was no statistical difference in the incidence of testicular
ascent between the OFSO and LFSO groups. Hence, satis-
factory tension-free testicular position was achieved through
adequate dissection and preservation of the collateral blood
supply in both approaches of second-stage FSO.

We also examined the operative times and costs associated
with both second-stage FOS approaches. LFSO required
shorter operative times but more cost than OFSO.

The American Academy of Pediatrics recommend that
orchiopexy should be performed before 1 year of age.11 In
our study, only 23 (21.1%) and 20 (20.8%) of the children
in the OFSO and LFSO groups, respectively, underwent the
first-stage FSO before 1 year of age. This may be due to
the following reasons: First, the majority of the children were
referred to our department late. Second, some of the children
were previously managed for cryptorchidism at other insti-
tutions before referral to our institution. Third, there is no
consensus on the proper timing for orchiopexy.

However, FSO has been performed in younger and youn-
ger age groups, because parents are now more aware of
cryptorchidism and the importance of timely treatment. The
mean age of our patients was 45.7 months. The distance
between the inner inguinal ring and scrotum increases as
a child ages.22,23 The delay in treatment may explain the
increased number of staged FSO in this series.

The advantage of this study is that it is the largest cohort
to compare open versus laparoscopic second-stage FSO sur-
gery. This study also conducted long-term follow-up, and
an ultrasonography examination was performed at each
follow-up.

This study has some potential limitations. First, this was
not a randomized controlled study. Second, we lacked data
on endocrine function and adult fertility outcomes. Our
study population has to be followed up over a longer time
period for these data to be evaluated.

Conclusion

Gubernaculum-sparing OFSO and LFSO achieved high
testicular survival rates. Our findings suggested that pre-
serving the gubernaculum to maximize collateral blood flow
to the IAT provided excellent outcomes. However, excluding
considerations for operative times and medical costs, the
decision to perform the open or laparoscopic approach in
the second-stage FSO should be based on the surgeon’s
comfort level and experience.
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