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Purpose: This study evaluated the outcomes of laparoscopic repair (LR) and open repair (OR) surgery for communicating hydrocele in children.

Patients and Methods: We collected the clinical data and follow-up data of all boys (<14 years) who underwent communicating hydrocele surgery in the pediatric surgery department at Yijishan Hospital of Wannan Medical College from January 2017 to December 2018 and retrospectively analyzed the data.

Results: In this study, 155 patients were retrospectively enrolled, including 90 patients in the OR group and 65 patients in the LR group. There were significant differences in operation time and the recurrence of hydrocele between the two groups. The persistence of scrotal swelling in the LR group was significantly lower than that in the OR group. There was no significant difference in postoperative hospitalization time or incision infection rate between the two groups.

Conclusion: In conclusion, this study shows that laparoscopic treatment of children with communicating hydrocele has the advantages of a hidden incision, a shortened operation time, and a reduced postoperative recurrence rate and can be used as the preferred surgical method. However, laparoscopic treatment should be selected according to the specific condition of each child and cannot completely replace traditional open surgery.
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INTRODUCTION

Hydrocele in children is one of the common congenital diseases in boys (1, 2). The main reason for this is that intraperitoneal fluid enters the scrotum through a congenital patent processus vaginalis (PPV), thus forming hydrocele (3, 4). Children with a communicating hydrocele are different from adults, and simple high ligation of the PPV can achieve satisfactory results (3, 5). Traditional open repair (OR) surgery has the characteristics of a simple operation and strong popularity and it is accepted by the majority of pediatric surgeons. However, some scholars believe that OR leads to considerable postoperative pain, can cause damage to the spermatic cord blood vessels and vas deferens, leaves a visible postoperative incision, and has other problems (6, 7). Laparoscopic repair (LR) of the PPV in the treatment of hydrocele in children has the characteristics of hidden scarring, less trauma, and less postoperative scrotal swelling. Proponents believe that laparoscopic treatment of hydrocele may gradually replace open treatment of hydrocele in children (6–8). However, there is still controversy as to whether laparoscopic treatment of children with hydrocele has significant advantages (7, 9). In this study, we collected and retrospectively analyzed the clinical and surgical data of laparoscopic treatment of children with communicating hydrocele in our center and compared the advantages and disadvantages of the two surgical methods (OR and LR groups) to provide a reference for the clinical treatment of children with communicating hydrocele.



MATERIALS AND METHODS

We retrospectively analyzed the clinical data of all male children (<14 years old) who underwent hydrocele repair in the pediatric surgery department of Yijishan Hospital of Wannan Medical College from January 2017 to December 2018. All of the methods were approved by the ethics committee of Yijishan Hospital of Wannan Medical College, and written consent was obtained from the children's parents. We paid attention to personal privacy and confidentiality when collecting the data and did not disclose the identity of the child to anyone. In this study, our senior surgeons explained the causes of hydrocele in children to their parents and told them that there were two kinds of operation methods (OR and LR) and that the parents were free to choose the specific type of operation.


Data Collection

The clinical data were collected by consulting the medical records of the children. The clinical data included the age of the child at admission, the location of the hydrocele, the final type of operation, the laterality of the hydrocele diagnosed before and after the operation, operation time, postoperative hospitalization time, and postoperative complications.



Surgical Methods

In the LR group, laparoscopic percutaneous extraperitoneal closure (LPEC) was performed extraperitoneally with an abdominal wall suture device with a water injection function (Figure 1), which was produced by Xiamen Surgaid Medical Equipment Co., Ltd., of China (Patent No.: ZL 201620804971.6). The suture device was a double trocar, 15 cm in length. The diameter of the outer sheath trocar was 1.5 mm, and the diameter of the inner trocar was 1 mm. The front end of the injection needle core has two retractable concave arc-shaped metal hooks. The two hooks are pushed forward and gradually opened to hook the ligation line into the abdominal cavity. The two claws are retracted backward and gradually closed to facilitate hanging of the abdominal ligation line. A spring is installed in the sheath of the hand-held part of the back end, which is convenient for the operator to pull out the needle core and hook the ligation line at the front end of the needle core, and then it can automatically spring back to insert and fasten. The tail end is butterfly-shaped and easy to handle (Figure 1). In the design, the 1/3 inclined plane of the front end of the obturator is curved into an arc, which is convenient for wire winding and ligation. A 30° laparoscope with a built-in 5.5 mm aperture (Storz, Germany) was used.


[image: Figure 1]
FIGURE 1. The abdominal wall suture device with water injection function. (A) The appearance image. (B) The front end of the injection needle core is two retractable concave arc-shaped metal hooks. (C) Pressing the end of the abdominal wall suture device can open the claw of the needle. (D) A spring is installed in the sheath of the hand-held part of the back end, which is convenient for the operator to pull out the needle core and hook the ligation line at the front end of the needle core, and then it can automatically spring back to insert and fasten.


All patients underwent general anesthesia, urination before the operation and supine positioning after anesthesia. To perform the procedure: make an arc-shaped incision of the umbilicus or the lower edge of the umbilicus, place the trocar with a 5 mm thread and a 30° laparoscope, and observe the closure of the bilateral processus vaginalis after routine exploration of the internal organs in the abdominal cavity. Under laparoscopic monitoring, the skin dermis is punctured with the tip of the knife at the position corresponding to the lower abdominal transverse lines of the processus vaginalis of the hydrocele. A 2-0 silk thread is taken. One end of the thread is hooked on the suture device and stretched out of the two arc-shaped metal hooks. The ligation line and the ligation needle were parallel with the ligation needle outside. At the body surface marking point, the needle is punctured through the muscle layer of the abdominal wall to reach the extraperitoneal space of the anterior wall of the processus vaginalis. Before crossing the vas deferens, the modified crochet inclined plane is deviated from the operator's visual field against the vas deferens, and the retroperitoneum is jacked up (if it is difficult to pass, normal saline is injected into the tail to facilitate separation).

With the help of the crochet spade, the space between the vas deferens and the retroperitoneal cavity is pushed forward to reach the danger triangle (known as the triangle of doom; formed by the spermatic vessels and vas deferens, which meet at the vaginal process and enter the inguinal canal). There are external iliac arteries and veins in the triangle. The operation should avoid injury to this area, which can cause massive bleeding, which is why clinically, it is known as the triangle of doom. The peritoneum is punctured under the laparoscope, and the silk thread is thrown into the abdominal cavity. After that, the crochet is slowly withdrawn to the outer peritoneum of the anterior wall of the processus vaginalis, and then the trocar needle is sneaked into the retroperitoneal space outside the spermatic vessels along the lateral extraperitoneal space of the processus vaginalis mouth. The crochet slope is deviated from the operator's field of vision, butted against the spermatic vessels, and pushed forward. The occluder extends the metal hook to hang the preset thread end, retracted and clamped, pulling the silk thread at both ends. Then, remove the ligation line from the body, ligate and close the PPV, and bury the suture knot under the abdominal wall muscle layer and outside the peritoneum of the anterior wall of the processus vaginalis. If there is a PPV on the opposite side, the same method should also be applied for ligation. The pneumoperitoneum machine is stopped, the laparoscopic lens is withdrawn from the abdominal cavity, and the scrotal effusion is extracted with a syringe assisted by the lens. There is no need to close the puncture hole of the abdominal transverse striation ligation needle; only the incision of the umbilical fascia is sutured, and the skin edge tissue is glued (Figure 2).


[image: Figure 2]
FIGURE 2. The images of single-port laparoscopic percutaneous extraperitoneal closure operation steps with the abdominal wall suture device with water injection function. (A) Crochet with thread was inserted into the lateral inferior epigastric artery. (B) The hook needle with thread in the extraperitoneal space sneaked along the inner side of the processus vaginalis to the vas deferens. The inclined plane of the crochet deviated from the operator's field of vision, against the vas deferens, and injected normal saline to jack up the retroperitoneum and cross the space between the vas deferens and the retroperitoneum. (C) After crossing the spermatic vessels, the peritoneum was punctured and the silk thread was placed in the abdominal cavity. (D) The crochet needle sneaked along the outer side of the inner ring in the extraperitoneal space. (E) Hook the silk thread in the abdominal cavity. (F) Knot in the extraperitoneal space and close the processus vaginalis. (G) Laparoscopic lens is helpful to identify hydrocele. (H) The liquid in the tunica vaginalis was aspirated by syringe. (I) The photograph of the scrotum after the operation.


In the OR group, the transverse incision is made ~1.5 cm along the dermatoglyphic line in the affected groin, and the sheath process is separated and found. Then, high ligation of the sheath process is performed with silk thread ligation at the PPV, part of the tunica vaginalis is removed, or the tunica vaginalis is reversed. The vas deferens should be protected from damage when the tunica vaginalis is removed.



Follow-Up Schedule

The follow-up of this study was completed by outpatient follow-up after discharge and telephone follow-up in our hospital follow-up center, but telephone follow-up was only to make an appointment for the specific time of outpatient follow-up. If the outpatient pediatrician found that the scrotum was larger than the healthy side, all patients received a scrotum B-ultrasound examination. The persistence of scrotal swelling after the operation refers to the findings on a scrotal B-ultrasound examination 6 months after the operation showing that the scrotum is still larger than that of the healthy side, but there is no recurrence of hydrocele. Patients were followed up until December 2020.



Statistical Analysis

All statistical analyses in this study were carried out using the R programming language, version 3.6.0 (R Foundation), in which a P < 0.05 was considered statistically significant.




RESULTS

From January 2017 to December 2018, a total of 155 boys in our center were retrospectively enrolled in this study, including 90 patients in the OR group and 65 patients in the LR group. The hydrocele operation was successfully completed for all patients. All of our patients received outpatient follow-up from 12 to 24 months, with an average of 18.6 months. The comparison of preoperative clinical characteristics between the two groups is shown in Table 1, showing no significant differences in preoperative baseline characteristics between the two groups.


Table 1. Demographic data of the OR and LR groups before operation.

[image: Table 1]

For the differences in postoperative diagnosis, operation time, and postoperative hospitalization time between the two groups, the results showed that 89 patients in the OR group underwent unilateral hydrocele surgery and 1 patient underwent bilateral surgery. In the LR group, 63 patients underwent unilateral hydrocele surgery and 2 patients underwent bilateral surgery. There was no significant difference in lateral position between the two groups (P = 0.929). In the LR group, only one of 64 children with unilateral hydrocele had a contralateral PPV (1.6%). Ligation was performed at the same time in bilateral cases (Figure 3).


[image: Figure 3]
FIGURE 3. Identification of patients underwent open surgery communicating hydrocele repair and laparoscopic hydrocele repair.


The mean operation time was 50.37 ± 9.72 min in the OR group and 18.50 ± 6.15 min in the LR group. The operation time in the OR group was significantly longer than that of the LR group (P < 0.001; Table 2). The mean postoperative hospitalization time was 1.222 ± 0.055 days in the OR group and 1.167 ± 0.043 days in the LR group, a difference that was not significant (P = 0.325; Table 2).


Table 2. Comparison of operation site, operation time, and postoperative hospitalization time between the two groups.
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To compare the postoperative effects of the two surgical methods, we analyzed the recurrence rate and postoperative complications of the two groups. The results are shown in Table 3. In this study, six cases of ipsilateral hydrocele recurred in the OR group (6.67%), and no recurrence occurred in the LR group. The recurrence rate in the OR group was significantly higher than that in the LR group (P = 0.034). Incision infection occurred in three patients in the OR group (3.33%) and in one patient in the LR group (1.54%), a difference that was not significant (P = 0.487). All of the infected incisions were effectively controlled and healed after dressing changes. The persistence of scrotal swelling in the OR group (10%) was significantly higher than that in the LR group (1.54%) (P = 0.034). There were two cases of iatrogenic testicular upward movement in the OR group and none in the LR group, but there was no significant difference between the two groups (P = 0.226). In this study, there was no case of testicular atrophy after surgery in any patients with hydrocele.


Table 3. Postoperative complications in the OR and LR groups.
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DISCUSSION

Hydrocele in children is a common disease addressed in pediatric surgery and it is related to congenital PPV (10, 11). In the embryonic stage, the processus vaginalis begins to appear at 12 weeks of gestation. When the processus vaginalis herniates out of the abdominal wall and passes through the inguinal canal, the protruding muscular layer finally forms the scrotal adventitia (12). In the inguinal canal and the adjacent sheath process, the testicular girdle develops into a thick stromal structure, extends to the head side, enters the peritoneum, and faces the tail end of the testis, and matures at a position equivalent to the inner ring. Then, the testis completes the descent process into the inguinal canal and scrotum under the action of various factors (12). After the testis enters the scrotum, the processus vaginalis narrows in the middle part of the spermatic cord and becomes tubular. Finally, it is closed above the testis, leaving part of the vagina around the testis, which becomes the tunica vaginalis (11, 13). In this development process, if the processus vaginalis is not closed completely and the volume of fluid in the tunica vaginalis cavity is too large, hydrocele can occur. An operation to close the PPV is the preferred treatment (13, 14).

The traditional OR surgery method first needs to open the inguinal canal and find the PPV for high ligation and turnover of the tunica vaginalis (15). The evolution of OR surgery from the early oblique inguinal incision to the later transverse incision or scrotal incision is mainly concerned about how to reduce intraoperative trauma and achieve a better cosmetic effect (9, 15). However, in an actual operation, the PPV is located in the inner front of the spermatic cord, which is a transparent membrane. The lumen of the sheath process tube in children with hydrocele is usually thin, and there is a tendril-like venous plexus in the outer front of the spermatic cord, including the vas deferens and arteries, and the cremaster around it. Because the vaginal process tube is small, sometimes it is difficult to find during the operation, so it is easy to accidentally damage the spermatic cord blood vessels, vas deferens, cremaster, etc. After the operation, local bleeding, swelling, and scar adhesion often appear, and severe cases can exhibit testicular atrophy (16). In this study, the rate of scrotal swelling in the OR group 6 months after the operation was 10% due to partial excision of the tunica vaginalis or tunica vaginalis turnover. Additionally, we also realized that when the adhesion around the PPV was obvious, it was difficult for the operator to dissociate it to a higher position, which caused inaccurate ligation or at a low position. In addition, the wall of the PPV is thin; if the separation force is too large, it easily tears. All of the above are risk factors for postoperative recurrence (16).

In recent years, with the development and popularization of laparoscopic technology, many medical centers have carried out laparoscopic surgery in the treatment of children with communicating hydrocele (17, 18). Wang et al. (17) used laparoscopic techniques for the treatment of hydrocele in children. They placed the laparoscope and needle holding forceps into the umbilicus. At the same time, a suture needle with thread was inserted into the abdominal cavity from the abdominal wall. The needle holding forceps were used to purse-string suture the PPV, and a single instrument was used to tie the knot and ligate the PPV. In recent years, a series of improved LPEC techniques have been reported, and the surgical instruments are different (19, 20). Liu et al. (8) used a modified Kirschner pin for single-port LPEC in the treatment of 81 cases of children with hydrocele, and all patients achieved good results. In addition, other surgeons have also reported that homemade hernia needles, epidural puncture needles, syringe needles, and other suture instruments have achieved good therapeutic effects (6, 16, 19–21).

In addition, with the development of laparoscopic technology, surgeons have also carried out a large number of comparative studies on OR and LR in the treatment of children with hydrocele (22–24). Zhang et al. (13) reported a retrospective study of 1,332 boys with hydrocele in two centers, including 382 cases in the OR group and 950 cases in the LR group. The LR group was divided into three groups: conventional double port, transumbilical single site double port, and transumbilical single port. The authors believe that LR has more advantages than traditional OR in reducing the operation and hospitalization time and reducing the incision size. At the same time, the authors consider that a transumbilical single site double hole operation is the best way to treat hydrocele in boys. Miyake et al. (22) reported a retrospective study of 1,050 cases of OR and 1017 cases of LR in the treatment of children with hydrocele. The authors believe that LR can reduce the operation time and simultaneously deal with a contralateral metachronous hernia, but there was no significant difference in the recurrence rate of hydrocele between the two groups. However, some surgeons have different views that open surgery has also achieved good surgical results (1, 18, 25). In this study, we used an abdominal wall suture device with the function of water injection for LPEC for the treatment of communicating hydrocele in boys. To the best of our knowledge, this is the first study on this device.

Through retrospective analysis of the clinical data of two different surgical methods, we believe that LR for children with communicating hydrocele has the following advantages compared with OR: (1) compared with OR, LR can ensure high ligation of the PPV, which can reduce the postoperative recurrence rate (2, 26) the abdominal wall suture device with water injection function used in single-port LPEC only needs one puncture to complete the extraperitoneal ligation, which avoids the possibility of ligating muscles or other tissues, and reduces the postoperative recurrence rate; (3) the laparoscopic lens has the function of magnifying. The operator can clearly distinguish the spermatic vein and vas deferens in the abdominal cavity to avoid damage to the surrounding tissue; (4) LPEC does not need to dissect the inguinal canal, which greatly reduces the operation time. Even if the suture needle punctures the peritoneum in many places, the PPV can be completely ligated and closed. This is more advantageous for patients and reduces damage to the surrounding tissues; (5) the laparoscopic operation is simple, and the learning curve is short and easy to master. For junior doctors, it can become an entry-level operation to learn laparoscopic surgery technology; (6) the wound after the laparoscopic surgery is beautiful and hidden, basically scarless surgery, which fully embodies the concept of minimally invasive surgery and this is appreciated by the parents of the children. Interestingly, one of the most important characteristics of laparoscopy is that it can detect the contralateral PPV. However, in our study, only one of 64 patients with unilateral hydrocele in the LR group had contralateral PPV, which is far lower than in other reports. We think this may be related to our cases all being treated at a single center. We need a larger sample to further analyze the specific reasons for this discrepancy.

Although laparoscopic surgery has achieved good results in the treatment of children with communicating hydrocele, everything has two sides. Compared with open surgery, we think that laparoscopic surgery still has some problems. First, improper operation of trocar puncture in laparoscopic surgery may damage the intestinal tube or cause subcutaneous emphysema. Second, LR requires tracheal intubation or laryngeal mask-assisted general anesthesia, which may lead to an increase in the incidence of postoperative upper respiratory tract infection. Third, due to the existence of cardiopulmonary disease in some children before surgery, based on safety considerations, the anesthesiologist may recommend OR as the first choice to avoid interference from the pneumoperitoneum on the airway pressure of the child during surgery.

As a preliminary study, we also recognize several potential weaknesses in this study. For example, all cases in this study were from a single center, which may have had some impact on our analysis results. There was selection bias, as the parents were allowed to choose the type of surgery, and the surgeons' biases in presenting the two options could have influenced parental decision making. The difference in outcomes could be influenced by the number of surgeons performing the surgery in each of the two cohorts and their relative expertise in performing each type of procedure. In addition, the postoperative follow-up time has not yet reached puberty, so there is no comparison of the impact of the different surgical methods on the fertility of the patients.



CONCLUSIONS

In conclusion, this study showed that laparoscopic treatment of children with communicating hydrocele has the advantages of a hidden incision, a shortened operation time, and a reduced postoperative recurrence rate and can be used as the preferred surgical method, but it should be selected according to the specific condition of each child and cannot completely replace traditional open surgery.
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