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Abstract The present study was designed to determine
whether a fasciovascular flap as a vascular carrier could
be used to revascularize the undescended testis for
avoiding the hazardous effects of the Fowler-Stephens
procedure, high division of the spermatic vessels, and for
bringing high-undescended testes into the scrotum. A
total of 25 Wistar rats were divided into five groups of
five rats each. In each group, surgical procedures were
performed bilaterally, i.e. ten testes in each group, as
follows: sham-operated controls (group 1), undescended
testes (group 2), high division of the spermatic vessels
(group 3), vascular induction with immediate division of
spermatic vessels (group 4), and with delayed division of
spermatic vessels (group 5). Evaluations were done by
measuring the testicular weight and volume, testicular
blood flow, and testicular biopsy scores and by micro-
angiography. A moderate to severe decrease in testicular
weight and volume in all experimental groups was
observed compared with the sham-operated controls
(group 1), but this was significantly less in groups 2 and
5. High division of the spermatic vessels in groups 3
and 4 resulted in a significantly greater decrease in the

testicular blood flow, but this did not occur in group 5.
Microangiographically, an impaired vascular supply
from the deferential artery in group 3 and insufficient
revascularization from the fasciovascular carrier in
group 4 were observed. However, efficient revasculari-
zation stemming from the superficial epigastric artery of
the fasciovascular flap was found in group 5. The tes-
ticular biopsy scores of groups 2 and 5 were significantly
greater than those of groups 3 and 4. The results of the
present study demonstrate that the fasciovascular flap as
a vascular carrier revascularizes the testis through
spermatic vessels after delayed division and provides an
adjuvant treatment modality or first-stage procedure in
a salvage operation for high-undescended testis during
staged orchiopexy.
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Introduction

Undescended testis, which is generally synonymous with
cryptorchidism, is the most frequent congenital disorder
of an endocrine organ. Some of the patients with unde-
scended testis (8–14%) have a testis that is too high for
conventional orchiopexy techniques [20]. When high ret-
roperitoneal dissection does not provide adequate sper-
matic vessel length to allow for descent without tension,
orchiopexy by high [17] or low [27] spermatic vessel divi-
sion techniques, staged orchiopexy [8, 15, 34], orchiec-
tomy [21], andmicrovascular autotransplantation [23, 31,
41, 42] have been suggested for bringing high-unde-
scended testes into the scrotum; however, the most pop-
ular method of surgical treatment remains orchiopexy
using a high spermatic vessel division technique (Fowler-
Stephens procedure).

A compilation of published data indicates that when
patients are selected carefully, the procedure is successful
in a high percentage of cases. Authors who report success
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with the Fowler-Stephens procedure have utilized gross
appearance (size and consistency) of the testis as the
criterion of success or failure [4, 7, 19, 28], and biopsy has
been performed only in a very few cases. The reported
long-term success rates with the standard Fowler-
Stephens procedure are never more than 62.6–68.5% [9].
Ligation of the spermatic vessels aids in placing these
high testes in the scrotum, but has been attended by
testicular atrophy in 20–50% of cases [2, 26]. The 2-stage
Fowler-Stephens orchiopexy offers a theoretical advan-
tage over the 1-stage procedure. In the first stage, the
testis and spermatic cord are mobilized as much as pos-
sible so that the spermatic vessels can be ligated. At a
later date, preferably after 1–2 years, a staged Fowler-
Stephens orchiopexy can be performed [35]. Nowadays,
most surgeons perform the first stage laparoscopically,
with clipping of the spermatic vessels intraperitoneally
[29]. It seems more logical that this approach, with
minimal manipulation of the testis at the first interven-
tion, has the best chance of allowing testicular growth to
proceed undisturbed until the second intervention. It has
been hypothesized that following ligation of the sper-
matic vessels, the collateral blood supply to the testis will
compensate for the loss sustained from ligation of the
spermatic vessels and a time efficient blood supply will be
provided to the gonad to preserve its viability and
function. While this hypothesis on initial vessel ligation
seems reasonable from a theoretical viewpoint, there are
few clinical and experimental data to substantiate it [29,
35]. When compared with the 1-stage Fowler-Stephens
procedure, the 2-stage operation yields slightly better
results, with an overall success rate of 76.8% [9]

The time-honored observation of the ‘‘delay proce-
dure’’ [5] combined with a greater understanding of the
biology of ‘‘angiogenesis’’ [16] has led to the concept of
tissue revascularization and prefabrication from a
transferred vascular carrier. When a tissue is not situated
on a convenient vascular pedicle, it is sometimes possible
to revascularize it by juxtaposing an appropriate vascular
carrier to provide an efficient blood supply (Fig. 1). The
first step is the surgical juxtaposition of a vascular carrier
at a suitable donor site with the target tissue. After a
period in which revascularization of the target by the
carrier occurs, the original blood supply to the target can
be ligated, and the target can be carried as a vascularized
tissue by the vascular carrier. The prerequisites for an
ideal vascular carrier to revascularize other tissues are
high vascularity, a pedicle of adequate length and caliber,
limited bulk, acceptable donor site morbidity, and pre-
dictable vascularization ability [25]. Although the mes-
enteric vascular pedicle [12, 13], vascular bundle [10, 11,
22], and musculovascular pedicle [14, 39] have been
demonstrated as potential vascular carriers for revascu-
larization, a deep fascia or a septal fascia with a fine
vascular network, thin architecture, and a long vascular
pedicle is usually an excellent carrier [3, 6, 45].

In the present study, we aimed to determine whether
an arteriovenous bundle and its surrounding fascia (i.e.,
the epigastric fasciovascular flap) could be used as a

vascular carrier to revascularize the undescended testis
as a salvage procedure and the effect of immediate and
delayed division of the spermatic vessels on the revas-
cularization rate from the transferred exogenous vascu-
lar carrier.

Materials and methods

Animals

Adult, male Wistar rats weighing 350–400 g were used for the
experiments because their testicular vascularization is similar to
that of humans [1, 30, 46]. The Japanese National Research
Council guide for the care and use of laboratory animals was fol-
lowed during the experimental study. Anesthesia was obtained with
sodium pentobarbital (50 mg/kg) injected intraperitoneally. The
animal was placed in a supine position. The abdominal, inguinal,
and scrotal areas were depilated bilaterally using a commercial
depilatory cream and cleansed with povidone-iodine solution.

Design of the experiment

A total of 25 animals were randomly separated into five groups of
five rats each. In each group, surgical procedures were performed
bilaterally, i.e. ten testes in each group. An operating microscope
(magnification 10·) was used during the surgical procedures.

Group 1: sham-operated controls

The animals were anesthetized and the abdominal, inguinal, and
scrotal areas were depilated bilaterally. The testis, the vas deferens,
and the spermatic, deferential, and cremasteric vessels were exte-
riorized through a horizontal lower abdominal transperitoneal
incision of about 1.5 cm on the inguinal canal and placed into their
original position, but the testes had no surgical intervention and
served as controls. The skin incision was sutured with 4–0 nylon.

Group 2: undescended testis model

An intra-abdominal undescended testis model in rats was created
to simulate high-undescended testis. The testis, the vas deferens,
and the spermatic, deferential, and gubernacular vessels were
exteriorized, and the testis was released by ligation and division
of the vessels from the cremasteric muscle. The testis, which is
supplied by spermatic and deferential vessels, was withdrawn into

Fig. 1 Schematic depiction of the vascular induction technique.
The vascular carrier is surgically juxtaposed to the target. After a
delay procedure with resultant angiogenesis, the target can survive
based on the blood supply derived from the vascular carrier
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the abdomen via the inguinal canal. The external ring of the
inguinal canal was closed with 5–0 polyglactin and the skin incision
was sutured with 4–0 nylon.

Group 3: the Fowler-Stephens procedure

The undescended testis model was performed as in the group 2.
Additionally, the spermatic vessels were exposed retroperitoneally.
High ligation and division of the spermatic vessels (the Fowler-
Stephens procedure), above the iliac vessels and away from the
deferential vessels, was carried out, and then the testis was with-
drawn into the abdominal cavity. The external ring of the inguinal
canal was closed with 5–0 polyglactin and the skin incision was
sutured with 4–0 nylon.

Group 4: vascular carrier and immediate division
of the spermatic vessels

The undescended testis model was performed as in the group 2.
After immediate high ligation and division of the spermatic vessels,
(the Fowler-Stephens procedure) as in group 3, the epigastric
fasciovascular pedicled flap was harvested and the spermatic vessels
were wrapped by the fasciovascular flap as follows (Fig. 2A–F): the
epigastric fasciovascular pedicled flap based on the superficial
epigastric vessels, which was described by Tark et al. [45], was used
as a vascular carrier for vascular induction (Fig. 2A). Rats were
examined through bilateral inguinal incisions. The superficial epi-
gastric vascular bundle and surrounding 2.5·4-cm patch of fascia
were dissected free from the underlying groin muscles. The super-
ficial epigastric pedicle was ligated distally as it entered the lateral
abdominal wall. The epigastric fasciovascular pedicled flap was
elevated based on the superficial epigastric vessels to revascularize
the testis (Fig. 2B). The pampiniform plexus, which is the convo-
luted part of the distal spermatic vessels, proximally 2 cm away
from the testis, was placed on the center of the flap. Both free edges
of the flap were sutured each to the other longitudinally and also
fixed onto the perivascular adipose tissue surrounding the pam-
piniform plexus with 6–0 nylon stitches laterally (Fig. 2C), and
then the testis was withdrawn into the abdominal cavity (Fig. 2D).

Group 5: vascular carrier and delayed division
of the spermatic vessels

The undescended testis model as in the group 2 and wrap-around
procedure of the pampiniform plexus by the epigastric fasciovas-
cular pedicled flap as in the group 4 were carried out (Fig. 2A–F).
After a 2-week delay, the spermatic vessels were exposed retrope-
ritoneally under general anesthesia in a second stage and high
ligation and division of the spermatic vessels, above the iliac vessels
and away from the deferential vessels, was performed.

Evaluation

Testis volume and weight

At the end of the fourth postoperative week, the weight and volume
of the each testis was measured after dissection and removal of the
attached tissues from the testis.

Testicular blood flow

A laser Doppler flowmeter (ALF 21 N, Advance Laser Flowmeter,
Tokyo, Japan) was used to record the testicular blood flow for
10 min in all groups just before the surgical procedure (baseline),
1 h after the surgical procedure, and finally at the end of fourth
week during exploration. Measurements were obtained by placing a
laser Doppler probe on the exposed aspect of the testis where no
visible large arteries or veins were present.

Microangiography

A microangiography technique was used to visualize the vascula-
ture and revascularization of the testis. After the animals were
killed with an overdose of sodium pentobarbital, the abdomen and
thorax were opened in the midline, and a polyethylene catheter
(20 G) was inserted into both the thoracic aorta and the vena cava
inferior and secured by a ligature to avoid leakage. Before injection
of the radiopaque, 200 ml warm saline (30–40�C) including 1 ml

Fig. 2 The epigastric
fasciovascular pedicled flap as a
carrier for vascular induction:
A outlining of the superficial
epigastric vascular bundle and
surrounding 2.5·4-cm patch of
fascia. B The fasciovascular
carrier harvested to wrap the
distal part of the spermatic
vessels, the plexus pam-
piniformis. C Wrapping
procedure by the fasciovascular
carrier completed, and then
D withdrawing the testis into
the abdomen via the inguinal
canal. E After immediate or
delayed division of the
spermatic vessels and
consequent delay procedure,
exploration laparatomy of
the intra-abdominal testis.
F Appearance of the
revascularized testis supplied by
both the superficial epigastric
and deferential vessels
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heparin (5,000 UI) was used to perfuse the area of investigation,
infusing via the thoracic aorta just below the diaphragm. A mixture
consisting of lead oxide (50 g), gelatin powder (1 ml), and water
(25 ml) heated to 50�C in the saline bath, was stirred vigorously in
a plastic disposable bowl, and then injected in a pulsatile manner
into the aorta, achieved by gently pressing and then releasing the
plunger of the syringe to simulate the arterial pulse. When the
injection was completed, the testes with related tissues and vessels
were dissected and removed from the area and then fixed on a
paperboard (Fig. 3A). The material was stored in the refrigerator
at 4�C for 1 h. Radiographs were taken with an exposure of 50 mA
and 64 kV at 140 cm between the film and X-ray source.

Histology

The testeswere fixed in 10%buffered formalin, embedded in paraffin,
sectioned at 3 lm, and stained with hematoxylin and eosin. All
specimens were coded to guarantee blinded determination of the
histological features. An independent pathologist evaluated and
compared histological changes after randomly examining many
specimens and achieving standardization of grading. Thematurity of
the germinal epithelium of the seminiferous tubules was graded
according to the Johnsen testicular biopsy score (TBS) [24]. In each
testicular biopsy section under a 25· objective, 25–50 tubules were
evaluated, and each tubule was given a score from 1–10 according to
the criteria shown in Table 1. The mean TBS for each testis was
calculated.

Statistical analysis

All values were expressed as mean±SEM. A one-way analysis of
variance was used to determine significant differences between
groups, and when a difference was found a Tukey�s test (all pairwise
multiple-comparison test) was used to identify the differences.
SigmaStat statistical software was used.

Results

All rats survived without any complications and were
evaluated.

Testicular weight and volume

A moderate to severe atrophy in the testes of all experi-
mental groups (groups 2–5)was observedwhen compared
to sham-operated controls (group 1), but it was signifi-
cantly less in groups 2 and 5 (Table 2). Intra-abdominal
transposition of the testes (group 2) resulted in a signifi-
cant decrease in mean testicular weight and volume

Fig. 3 A The testis with related
tissues and vessels fixed onto a
paperboard after injection of
the radiopaque. B Micro-
angiograph showing the sham-
operated control testis (group 1)
and its original vascular supply.
CWell vascularized testis by the
spermatic and deferential
vessels in group 2. D Impaired
vascular supply and collateral
support to the testis from the
deferential artery in group 3.
E Insufficient revascularization
from the fasciovascular flap in
group 4. F Efficient revas-
cularization (asterisk) stemming
from the superficial epigastric
artery of the fasciovascular flap
in group 5. The testis (t), the
deferential (da), spermatic (sa),
superior and inferior
epidydimal (ea), the
gubernacular-cremasteric (ga),
femoral (fa), and superficial
epigastric (sea) arteries

Table 1 Testicular biopsy score. If the germinal epithelium is dis-
organized with sloughing or obliteration of the lumen, a lower
score is given

Score Description

10 Complete spermatogenesis with many spermatozoa
9 Only few spermatozoa present (five per tubule)
8 No mature spermatozoa but late spermatids present
7 Many spermatids without any sign of differentiation
6 Only few spermatids present (five per tubule)
5 Many spermatocytes present
4 Only few spermatocytes present (five per tubule)
3 Spermatogonia are only germ cells present
2 No germ cells but Sertoli�s cells present
1 No cells in tubular section
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(P<0.05 and P<0.005, respectively). There was no
significant differences between groups 2 and 5 or between
groups 3 and 4 (P>0.05); however, group 5 had a sig-
nificantly greater testicular weight and volume than both
groups 3 and 4 (P<0.005 and P<0.05, respectively).

Testicular blood flow

Laser Doppler flowmeter results revealed no significant
differences in baseline testicular blood flow between the
groups (P>0.05) (Table 3). Only division of the guber-
nacular-cremasteric vessels caused a significant decrease
in testicular blood flow at the first postoperative hour in
both groups 2 and 5 when compared with the baseline
values (P<0.005 and P<0.05, respectively), despite no
significant difference between groups 2 and 5 (P>0.05).
Comparisons of mean testicular blood flowwithin groups
demonstrated that immediate ligation and division of
both the spermatic vessels and the gubernacular-cremas-
teric vessels in groups 3 and 4 resulted in a significantly
greater decrease (an average of 80%) in blood flow at the
first postoperative hour, when comparedwith the baseline
values (P<0.0001). At the end of the fourth postoperative
week, the testicular blood flow in group 2 increased from
the low levels found at the first postoperative hour to
above baseline values. However, low blood flow values in
groups 3 and 4 were persistently lower than the baseline
values (P<0.0001), even though there was a slight in-
crease in blood flow during the 4-week period. The testi-
cular blood flow in group 5 was decreased to 46.57% of
the baseline value after delayed division of the spermatic
vessels; however, it was still significantly greater than
those found in groups 3 and 4 (P<0.005) (Table 3).

Microangiography

The original vascular supply of the testis through the
spermatic, deferential, and cremasteric arteriesis shown
for group 1 (sham-operated controls) (Fig. 3B). In group
2, the testis was well vascularized by the spermatic and
deferential arteries (Fig. 3C); however, an impaired
vascular supply to the testis from only the deferential
artery was observed in group 3, and no anastomosis
between the deferential and the pampiniform plexus
providing collateral blood supply was found (Fig. 3D).
In group 4, revascularization of the testis from the
fasciovascular carrier, shown by microangiography, was
found to be insufficient (Fig. 3E). In group 5, efficient

revascularization stemmed from the superficial epigastric
artery of the fasciovascular flap, and a retrograde filling
of the testicular vascular network was observed
(Fig. 3F). However, anastomoses between the very fine
collaterals were sometimes impossible to demonstrate,
because the thicker medium would not reach the very fine
radicles of the arterial tree that appears as a filling defect.

Histology

Varying degrees of histologic change were observed in the
testes of experimental groups when compared with the
sham-operated controls (Fig. 4A–F). In group 2, there
was a normal testicular architecture in two testes; but less
orderly, non-cohesive germinal cells, and spermatogenic
arrest in seven testes, while in one testis disordered,
sloughed germinal cells with closely packed seminiferous
tubules were found (Fig. 4B). In group 3, variable per-
centages of coagulative necrosis (less than 50% in four
testes and more than 70% in six testes) in the central
portion of the testicular parenchyma were observed
(Fig. 4C), and the peripheral compartment had fibrosis in
the interstitium and less distinct seminiferous tubule
borders without spermatogenesis. Despite obvious
infarction of the seminiferous tubules, blood vessels could
have contained blood cells even if the central portion of
the parenchyma and interstitial cells were intact. Thick-
ening of the arterial wall with concomitant hyalinization
was another typical feature (Fig. 4C, D). In group 4,
similar findings to group 3 were observed (Fig. 4E). In
group 5, most of the testes showed spermatogenic arrest
and tubular damage without infarction, although some
focal necrotic areas were present (Fig. 4F).

The difference in mean TBS between the sham-oper-
ated control and experimental groups was significant
(P<0.0001) (Fig. 5). There was no significant difference
between either groups 2 and 5 or groups 3 and 4
(P>0.05); however, the mean TBS of groups 2 and 5
were significantly higher than those of groups 3 and 4
(P<0.0005).

Discussion

The concept of orchiopexy by high spermatic vessel
division was popularized by Fowler and Stephens in
1959 when they demonstrated collateral arterial blood

Table 2 Testicular weight and volume. Results are given as
mean±SEM

Groups Weight (mg) Volume (mm3)

1 1,728±59.9 1,970±65.8
2 1,466±63.6 1,615±55.6
3 871±42.8 1,150±63.6
4 902±37.9 1,120±69.4
5 1,264±65.8 1,440±87.6

Table 3 Testicular blood flow. Results are given as mean±SEM

Groups Baseline
(ml/min/100 g)

Postoperative first
hour (ml/min/100 g)

Postoperative fourth
week (ml/min/100 g)

1 20.3±1.1 18.7±0.9 21.2±1.4
2 18.9±1.4 12.0±0.7 19.6±1.3
3 19.5±1.2 3.9±0.3 7.5±0.8
4 20.1±1.4 4.3±0.4 7.8±0.7
5 20.4±1.3 12.7±0.8 10.9±0.8
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supply from the deferential artery by intraoperative
arteriography. They also emphasized the value of testing
the adequacy of the collateral blood supply by tempo-
rarily occluding the spermatic artery (the Fowler-Ste-
phens test) [17]. Therefore, the viability of the testis after
Fowler-Stephens orchiopexy depends on the collateral
deferential blood supply. Patients who have failed the
10 min Fowler-Stephens test are the candidates for
2-stage orchiopexy or orchiopexy by microvascular
revascularization. Several published and numerous
anecdotal reports have indicated the success of micro-
vascular autotransplantation [18, 23, 31, 41, 42]. On the
one hand, the lack of general training in microsurgery
and the lack of a readily available set up in these cir-
cumstances make it unlikely that the majority of high-
undescended testes will be treated by this technique.
However, the critical testicular ischemia time has been

estimated as 1.6 h [18] and the duration of ischemia di-
rectly affects the degree of testicular hazard. A period of
1-h ischemia leads to moderate germinal epithelial
destruction, whereas a 2-h ischemia period during
microvascular revascularization of the testis results in a
much more generalized and severe damage [44]. This
procedure is also not feasible in the 1–2-year age group,
when orchiopexy should ideally be performed. Initial
reports using 2-stage Fowler-Stephens orchiopexy have
indicated a high success rate which seems to offer an
alternative in borderline circumstances [29, 35]. It has
been proposed that this approach allows for enhanced
collateral vessel development and for additional sper-
matic cord lengthening [35]. While this hypothesis for
initial vessel ligation seems reasonable from a theoretical
viewpoint, its scientific basis, with a time interval (1–
2 years after first operation) that allows for some addi-
tional lengthening of the spermatic cord and that in-
creases collateral blood flow, is inadequate for
substantiation. In addition, the 2-stage Fowler-Stephens
procedure cannot be used in patients with a very short
vas deferens.

Clinical studies to evaluate testicular viability and
function after the spermatic vessel division have also
been sparse and inconclusive because claims of positive
results are generally based on gross the appearance of
the testis [9]. However, our results and previous experi-
mental studies [32, 36, 37, 38] show that testicular injury
caused by ligation and division of the spermatic vessels is
much more evident histologically than one would expect
from gross examination of the testis. The testis is sus-
tainable at low blood flow for a long time, until a suf-
ficient collateral blood supply from the deferential
vessels can be established [33]. Because of the avascu-
larity of the seminiferous tubules, nutrition of the
germ cells is provided by diffusion, which depends on

Fig. 4 A Sham-operated
control testis (group 1)
demonstrating normal
spermatogenesis with many
mature spermatozoa. B
Spermatogenic arrest with the
presence of a few spermatocytes
in group 2. C, D Infarction of
germinal epithelium even
though some blood continued
to circulate into interstitium,
with thickening of the vessel
wall in group 3. E Severe
ischemia and necrosis of the
seminiferous tubules in group 4.
F Regardless of spermatogenic
arrest and tubular damage,
preserved germinal epithelium
from ischemic necrosis in group
5 (original magnification ·540;
H and E)

Fig. 5 Mean testicular biopsy scores of each group, showing
significant differences between the sham-operated control and
experimental groups (P<0.0001), as well as groups 2 and 5 and
groups 3 and 4 (P<0.0005)
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sufficient circulation to the interstitial space and on
capillary permeability. It is likely, therefore, that after
division of the spermatic vessels, the risk of damage to
the seminiferous tubules may be higher than to the
interstitium and tunica albuginea. Germ cells may not be
perfused sufficiently, even though some blood continues
to circulate into the interstitium after spermatic vessel
division (Fig. 4C, D), or bleeding is evident after incising
the tunica albuginea [38]. It therefore appears that the
presence of bleeding from incised testes (the Fowlers-
Stephens test) and gross appearance are not adequate to
presume function and do not guarantee the viability of
the testes.

To prevent the failure of the Fowler-Stephens pro-
cedure due to either the loss or inadequacy of the col-
lateral blood supply, and to reorganize vascular supply
and improve testis viability, it seems reasonable to
revascularize the testis from a transferred intra- or extra-
abdomimal vascular carrier before division of the
spermatic vessels during staged orchiopexy. Recently,
Sönmez et al. investigated whether neovascularization of
the testes through the spermatic vessels by an omental
pedicle flap could be achieved. They reported that the
testes in which Fowler-Stephens plus omentopexy were
performed had much better intratesticular blood flow
rates and testicular biopsy scores than the Fowler-Ste-
phens procedure alone [43]. Shoshany et al. also inves-
tigated the effect of ‘‘omentotesticulopexy’’ in terms of
angiogenesis to improve the vascularization of the
cryptorchid rat testis. Despite the fact that they did not
provide any histological or physiological data, they
claimed that an improvement of the vascularization of
high abdominal testes as well as conservation of testic-
ular weight. They used angiography and testicular
weight measurement to support their argument [40]. In
the present study, the epigastric fasciovascular flap was
chosen as a vascular carrier because of its high vascu-
larity and large contact surface area, as well as its high
ability for angiogenesis. It has been demonstrated that
93% of the target tissue is adequately perfused by the
fasciovascular carrier by day 5 [45]. The epigastric fas-
ciovascular pedicled flap has a greater arc of rotation
because of its long pedicle and it can easily reach both
the abdominal cavity and the scrotum. In the model used
in our study, the pampiniform plexus was wrapped by
the fasciovascular flap to increase the contact surface on
a 2.5-cm portion of the vessels (Fig. 2A–F). However,
Shoshany et al. [40] abraded a 1-cm2 area of the tunica
albuginea of the testis with sand paper and punched five
to seven times with a needle to fix the omentum on the
testis, hence the name ‘‘omentotesticulopexy’’. This
procedure will disrupt the delicate vascular consistency
of the testis and the surface cooling effect [1, 30, 46].

The present study shows that revascularization from
the fasciovascular carrier after delayed division of the
spermatic vessels can compensate and provide efficient
blood supply loss sustained from the spermatic vessel
division. Many investigators have demonstrated that a
delay of between 7 and 21 days provides sufficient time

for angiogenesis from a vascular carrier [3, 5, 12, 13, 25,
45]. Based on this evidence, a 2-week period of delay was
chosen for angiogenesis to develop following the crea-
tion of the epigastric fasciovascular flap prior to division
of the spermatic vessels. Microangiography showed
clear evidence of revascularization stemming from the
level of contact surface between the fasciovascular flap
and spermatic vessels and the vascular supply to the
testis was preserved. Contrary to delayed division of the
spermatic vessels, immediate division of the spermatic
vessels does not have any supportive effect on the blood
flow of the testes after the wrapping procedure of the
spermatic vessels by the fasciovascular flap, and an im-
paired revascularization from the vascular carrier was
observed. Therefore, we think that severe ischemia of the
testis to be revascularized interferes with neoangiogen-
esis from the transferred exogenous vascular carrier.

It is well known that 38% of unilateral and bilateral
undescended testes have completely lost their germ cells,
caused by the impaired transformation of gonocytes
[20]. The germinal cells are remarkably sensitive to
hyperthermia resulting from body temperature. The
scrotum performs an important thermoregulatory
function by constantly altering the position of the testes.
The complex convolutions of the spermatic artery
known as pampiniform plexus also operate in conjunc-
tion with changes in position of the scrotum to either
preheat or cool the blood [1, 30, 46]. In the case of high-
undescended testes, this compensatory mechanism does
not work and/or cannot maintain the gonads at an
optimal temperature, which is from 1–8�C below normal
body temperature for normal function. In the present
study, we found that intra-abdominal transposition of
the testes (group 2) alone resulted in a significant de-
crease in both mean testicular biopsy scores and mean
testicular weight and volume when compared with the
sham-operated controls. In the literature, there is no
clear-cut evidence that current treatment modalities for
undescended testis improve fertility. Finally, our results
affirm that revascularization of the testis by a fascio-
vascular carrier may be an alternative treatment
modality or first-stage procedure in a salvage operation
for high-undescended testis during staged orchiopexy,
and that a further study is needed to evaluate the fer-
tility—ability of male rats to impregnate female rats—at
a later time (i.e., 4 or 6 weeks) after scrotal placement of
the testes revascularized by the fasciovascular flap.
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