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Abstract 

Background:  The purpose of this study was to investigate the clinical effect of minimally invasive surgery for inguinal 
cryptorchidism.

Methods:  The patients were divided into the minimally invasive surgery group (n = 100) and the traditional surgery 
group (n = 58). In the minimally invasive surgery group, patients with low inguinal cryptorchidism (n = 54) underwent 
surgery with a transscrotal incision, and patients with high inguinal cryptorchidism (n = 46) underwent laparoscopic 
surgery.

Results:  There was no difference in the hospital stay duration or cost between the minimally invasive surgery group 
and the traditional surgery group (P > 0.05). As for the operative time, minimally invasive surgery of low inguinal 
cryptorchidism was shorter than traditional surgery (P = 0.033), while minimally invasive surgery of high inguinal cryp-
torchidism was comparable to traditional surgery (P = 0.658). Additionally, there were no cases of testicular atrophy, 
testicular retraction, inguinal hernia or hydrocele in either group. There was no significant difference in the incidence 
of poor wound healing between the two groups (P > 0.05). Although there was no significant difference in the inci-
dence of scrotal hematoma between the two groups (P > 0.05), the incidence in the minimally invasive surgery group 
was higher than that in the traditional surgery group.

Conclusions:  Minimally invasive surgery including a transscrotal incision for low inguinal cryptorchidism and laparo-
scopic surgery for high inguinal cryptorchidism is as safe and effective as traditional surgery, and could also provide a 
good cosmetic effect for children.
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Background
Cryptorchidism is one of the most common genital mal-
formations in children. There is no other generally agreed 
treatment for cryptorchidism than surgery [1, 2]. After 
Annandale successfully performed orchiopexy in 1879 
[3], orchiopexy through an inguinal incision became the 
classic method for the treatment of inguinal cryptorchid-
ism; however, this operation leaves obvious surgical scars 
in the groin, which affects a patient’s appearance.

With the medical improvements, minimally invasive 
surgery has become a developmental trend. Various mini-
mally invasive procedures are performed to treat inguinal 
cryptorchidism to meet patients’ aesthetic requirements. 
Laparoscopic orchiopexy has been the gold standard for 
the treatment of abdominal cryptorchidism and can also 
be performed for inguinal cryptorchidism to achieve an 
aesthetic effect [4–10]. Orchiopexy via a single scrotal 
incision can also be performed for inguinal cryptorchid-
ism to improve the appearance [11–14]. This article ret-
rospectively analysed the clinical data and summarized 
the experience of minimally invasive surgery for inguinal 
cryptorchidism.
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Methods
Patients
We retrospectively analysed the clinical data of 158 
patients  with inguinal cryptorchidism at our hospital 
from January 2017 to January 2018. According to the 
surgical method, the patients were divided into two 
groups: the minimally invasive surgery group (n = 100) 
and the traditional surgery group (n = 58). In the mini-
mally invasive surgery group, patients with low inguinal 
cryptorchidism (n = 54) underwent transscrotal sur-
gery, and patients with high inguinal cryptorchidism 
(n = 46) underwent laparoscopic surgery.

The follow-up times were one week, three months, 
six months and one year after the operation. Scrotal 
colour Doppler ultrasonography was performed six 
months and one year after the operation. The clinical 
data collected included age, weight, size of cryptorchid 
testis, side of cryptorchidism, operative duration, post-
operative hospital stay duration, hospitalization costs 
and postoperative complications.

Children with inguinal cryptorchidism were included 
in the study. Children with recurrent inguinal cryptor-
chidism after surgery and/or whose parents declined 
participation in this study were excluded.

Transscrotal orchiopexy
After the induction of anaesthesia, the patient was 
placed in the supine position with the waist slightly 
raised. The surgical area was routinely disinfected and 
draped. A transverse incision was made in the middle 
part of the scrotum. The skin and subcutaneous tis-
sue were cut layer by layer. The external ring was fully 
exposed using a small retractor pulled upward through 
the incision after bluntly separating the space between 
the external oblique and Scarpa fascia. The aponeu-
rosis of the external abdominal oblique muscle was 
cut 0.5  cm to 1.0  cm through the external ring, and 
the middle and lower segments of the groin were fully 
exposed. After pushing the testis to the area near the 
external ring and opening the processus vaginalis, the 
testicle was visible. The tissue between the spermatic 
cord and processus vaginalis was bluntly and sharply 
separated until the testis could descend to the bottom 
of the scrotum without tension. The processus vaginalis 
was transected at a high location, and the external ring 
orifice was reconstructed by suturing the aponeurosis 
of the external abdominal oblique muscle to ensure the 
integrity of the inguinal canal. The testis was sutured in 
an interrupted manner to the dartos fascia of the scro-
tum with no torsion. The incision was closed by 5–0 
absorbable sutures.

Laparoscopic orchiopexy
After the induction of general anaesthesia, the patient 
was placed in the supine position.Then pneumoperito-
neum (8–10  mmHg) was established. A 5-mm trocar 
was placed in the umbilical area, and 3- or 5-mm trocars 
were placed bilaterally on the midclavicular line, slightly 
infraumbilical. A laparoscope was introduced into the 
abdominal cavity to observed the internal ring area. The 
peritoneum of the internal ring was incised to transect 
the patent processus vaginalis lateral to the spermatic 
vessels and medial and distal to the vas deferens, enabling 
the vas deferens and testicular vessels to be separated. 
The peritoneum was removed at the anterior surface of 
the spermatic vessels, and the distal triangle of the peri-
toneum between the vessels and the vas deferens was 
spared. Next, the testis was pulled into the abdominal 
cavity. The processus vaginalis was incised distally, and 
the gubernaculum was identified, grasped, and divided. 
A 5-mm trocar was inserted from the scrotum to under 
the inferior epigastric vessels through the external ring. 
A laparoscopic clamp was introduced through the scrotal 
cannula and used to grasp the gubernaculum. The testis 
were delivered with a gentle twisting motion. After the 
testis was transferred into the scrotum, the spermatic 
vessels and vas deferens were visualized at the inguinal 
ring to rule out iatrogenic torsion of the vessels. When 
the length of the spermatic cord was sufficient to achieve 
tension-free placement of the testis within the scro-
tum, the lateral endoabdominal bands did not need to 
be divided; therefore, the impact on the blood supply to 
the testis was reduced. The testis was sutured in an inter-
rupted manner to the dartos fascia of the scrotum. The 
incision was closed by 5–0 absorbable sutures.

Transinguinal orchiopexy
Orchiopexy via the transinguinal approach.

Statistical analysis
Continuous data are presented as the mean ± standard 
deviation and range. Clinical parameters between the 
two groups were compared with the independent sam-
ples t-test. The χ2 or Fisher test was used to categorize 
variables. A p value of < 0.05 was defined a statistically 
significant.

Results
The preoperative clinical data of all patients are shown in 
Table 1. There was no significant difference in age, weight, 
or size of cryptorchid testis or side of cryptorchidism.

All patients in the minimally invasive surgery group 
underwent successful surgery, and there were no cases 
of conversion to conventional surgery. For patients with 
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low inguinal cryptorchidism, the operative duration 
in the minimally invasive surgery group was signifi-
cantly shorter than that in the traditional surgery group 
(P < 0.05). For patients with high inguinal cryptorchid-
ism, there was no difference between the two groups 
in the operative duration (P > 0.05). Additionally, there 
was no significant difference in the postoperative hos-
pital stay duration or hospital costs (P > 0.05) (Table 1).

There were no cases of testicular atrophy, testicular 
retraction, inguinal hernia or hydrocele between the 
two in either group. There was no significant differ-
ence in the incidence of poor wound healing between 
the two groups (P > 0.05). Although there was no sig-
nificant difference in the incidence of scrotal hematoma 
between the two groups, the incidence in the minimally 
invasive surgery group was higher than that in the tra-
ditional surgery group (9% vs 3.4%). In the minimally 
invasive surgery group, scrotal hematoma occurred 
mostly in patients who underwent surgery with a 

transverse scrotal incision for orchiopexy, of which 
there were 8 cases in total (Table 2).

All patients were followed up for more than 12 months, 
with a median follow-up time of 14  months. One year 
after the operation, the size of cryptorchid testis was 
1.30 ± 0.26  cm in the minimally invasive surgery group 
and 1.26 ± 0.31 cm in the traditional surgery group, indi-
cating improvement compared with before the operation; 
however, there was no significant difference between the 
two groups (P = 0.921).

Discussion
Cryptorchidism can affect reproductive function, cause 
testicular torsion and increase the probability of testicu-
lar tumours [15, 16]. The chance of self-descent of testis 
after 6 months is obviously reduced. Therefore, children 
with cryptorchidism require evaluation for the medical 
intervention after 6 months [17–19].

The currently available methods for inguinal cryptor-
chidism are the transinguinal incision orchiopexy, the 
transcrotal incision orchiopexy and the laparoscopic 
orchiopexy. The traditional transinguinal approach 
involves external oblique muscle incision, dissection of 
spermatic vessels and vas deferens, high transection or 
ligation of the processus vaginalis and orchiopexy in the 
scrotum. This surgical procedure provides clear expo-
sure and is technically mature and effective; however, 
this surgery will leave obvious scars in the inguinal area. 
With the increasing demands of the aesthetics, paediatric 
surgeons need to consider not only the surgical effect but 
also the aesthetics of surgery.

The length of the inguinal canal in a 1-, 2- and 3-year-
old child is 1.4 cm, 1.9 cm, and 2.7 cm, respectively, and 

Table 1  Comparison of preoperative, intraoperative and postoperative data between the two groups

The hospital costs refers to all expenses during hospitalization

Item Minimally invasive surgery group Traditional surgery group P value

Number 100 58

Age (year) 1.64 ± 1.37 1.87 ± 1.65 0.562

Weight (kg) 11.56 ± 2.34 13.59 ± 2.53 0.642

Size of cryptorchid testis (cm) 0.78 ± 0.22 0.76 ± 0.26 0.886

Unilateral/Bilateral 78/22 43/15

Side of cryptorchidism

 Low inguinal testes 54 32 0.887

 High inguinal testes 46 26

 Patent processus vaginalis 20 9 0.483

Operative time (min)

 Low inguinal testes 26.34 ± 6.12 38.73 ± 8.84 0.033

 High inguinal testes 51.83 ± 11.65 49.69 ± 10.36 0.658

 Postoperative hospital stay time (d) 1.38 ± 0.61 1.45 ± 0.63 0.921

 Hospital costs (1000 RMB) 7.22 ± 1.51 6.94 ± 1.45 0.662

Table 2  Comparison of  postoperative complications 
between the two groups

Item Minimally invasive 
surgery group

Traditional 
surgery group

P value

Number 100 58

Testicular atrophy 0 0

Testicular retraction 0 0

Inguinal hernia 0 0

Hydrocele 0 0

Poor wound healing 5 (5.0%) 4 (6.8%) 0.620

Scrotal haematoma 9 (9.0%) 2 (3.4%) 0.186
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most children with cryptorchidism have a shorter ingui-
nal canal than other children [20]. Therefore, transcrotal 
approach allows transection or ligation of the patent pro-
cessus vaginalis and dissection of the vas and vessels up 
to the level of the external inguinal ring, which is usually 
sufficient for low inguinal testes. Then, the testis can be 
placed in the scrotum without tension. This operation is 
simple and leads to less trauma and postoperative pain, 
and the incision is located in the scrotal fold with a good 
cosmetic effect. In this study, we performed this proce-
dure in children with low inguinal cryptorchidism, and 
the operative duration of this method was significantly 
shorter than that of the traditional surgery (P < 0.05). 
However, the scrotal incision is low and small and pro-
vides a relatively small surgical field. The difficulty of the 
operation lies in fully releasing the spermatic cord vessels 
and achieving high ligation or transection of the proces-
sus vaginalis. In patients with a high testicular position or 
older age, the operation is more difficult [21]. Therefore, 
we chose to apply this operation in cases of low inguinal 
cryptorchidism. If the spermatic cord vessels could not 
be fully released and the processus vaginalis could not be 
ligated or transected, the external ring could be incised 
at 0.5–1.0  cm to fully release the spermatic cord and 
ligate or transect the processus vaginalis. In this group, 
the external ring was incised in 5 cases, and good results 
were achieved. Therefore, although orchiopexy through 
a scrotal incision has the advantages of a short operative 
duration and good cosmetic effect, its indications should 
be well understood prior to the operation.

For patients with high inguinal cryptorchidism, lapa-
roscopic orchiopexy was used. This surgical procedure 
involves no inguinal incision, thus results in a good 
cosmetic effect. Additionally, the surgical field of the 
laparoscopic exploration is large and clear, allowing 
determination of the presence and location of the testis 
(especially in high cryptorchidism). The surgery can be 
carried out under direct vision, thus reducing damage to 
the testicular blood supply and ensuring tension-free tes-
ticular descent into the scrotum. Although laparoscopic 
surgery carries the risk of complications, such as intesti-
nal injury, bladder injury and subcutaneous emphysema 
caused by CO2 pneumoperitoneum, these complications 
have a low incidence and can be avoided if care is taken 
during the operation [22, 23].

High inguinal cryptorchidism can easily occur with 
patent processus vaginalis. Due to the difficulty of high 
ligation, hydrocele or inguinal hernia as complications 
after surgery are common concerns. A study by Ceccanti 
S et al. reported that high ligation of the processus vagi-
nalis was not performed for a high-traversing processus 
vaginalis and that this procedure did not increase the 
risk of an indirect inguinal hernia or hydrocoele [24]. 

Handa R et al. demonstrated that the absence of ligatures 
or sutures in the inner ring orifice during laparoscopic 
orchiopexy also did not increase in the risk of an indirect 
hernia or hydrocoele [25]. At our centre, we also did not 
perform high ligation of the processus vaginalis in cases 
of a high-traversing processus vaginalis, and there were 
no cases of hydrocele or inguinal hernia as complications 
in this study.

Scrotal hematoma was a common postoperative com-
plication that occurred mostly in children who under-
went transcrotal orchiopexy in this study. The transcrotal 
procedure causes greater damage to the scrotum, possi-
bly due to traction, and therefore may increase the risk 
of postoperative scrotal hematoma. Therefore, the opera-
tion should be performed gently. Attention should be 
paid to haemostasis and application of pressure on the 
scrotum after surgery to reduce the occurrence of scrotal 
hematoma. During the perioperative period and 1  year 
follow-up time, there were no cases of testicular atro-
phy, testicular retraction, inguinal hernia or hydrocele in 
either group, and the improvement of the size of cryp-
torchid testis was similar, which indicated that the mini-
mally invasive surgery and traditional surgery had good 
and similar clinical effects.

This single-centre retrospective study had a small sam-
ple size and short follow-up time. Multi-centre, large-
sample, medium and long-term follow-up studies need to 
be completed to determine the clinical outcomes of these 
procedures more objectively.

Conclusion
Minimally invasive surgery including surgery with trans-
scrotal incision for low inguinal cryptorchidism and 
laparoscopic surgery for high inguinal cryptorchidism is 
as safe and effective as traditional surgery and provides 
good cosmetic effects.
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