

35

Name of Journal: World Journal of Clinical Pediatrics
ESPS Manuscript NO: 18778
Manuscript Type: REVIEW

Single-incision pediatric endosurgery in newborns and infants 

Kozlov Y et al. Single-incision pediatric endosurgery in newborns and infants 

Yury Kozlov, Vladimir Novozhilov, Polina Baradieva, Pavel Krasnov, Konstantin Kovalkov, Oliver J Muensterer

Yury Kozlov, Vladimir Novozhilov, Polina Baradieva, Pavel Krasnov, Department of Neonatal Surgery, Pediatric Hospital Irkutsk, 664009 Irkutsk, Russia

Yury Kozlov, Vladimir Novozhilov, Polina Baradieva, State Medical University Irkutsk, 664025 Irkutsk, Russia

Yury Kozlov, Vladimir Novozhilov, Polina Baradieva, Pavel Krasnov, State Medical Academy of Continuing Education Irkutsk, 664000 Irkutsk, Russia

Konstantin Kovalkov, Pediatric Hospital Kemerovo, 650056 Kemerovo, Russia

Oliver J Muensterer, Pediatric Surgery, University Medicine of the Johannes Gutenberg University, 55131 Mainz, Germany 

Author contributions: All authors contributed to this manuscript.

Conflict-of-interest statement: No conflict-of-interest.

[bookmark: OLE_LINK507][bookmark: OLE_LINK506][bookmark: OLE_LINK496][bookmark: OLE_LINK479]Open-Access: This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Correspondence to: Yury Kozlov, MD, Department of Neonatal Surgery, Pediatric Hospital Irkutsk, 57 Sovetskaya Str, 664009 Irkutsk, Russia. yuriherz@hotmail.com
Telephone: +7-395-2291635
Fax: +7-395-2291566

Received: April 27, 2015 
Peer-review started: April 29, 2015 
First decision: May 19, 2015
Revised: September 27, 2015 
Accepted: October 16, 2015 
Article in press: 
Published online:


Abstract
This study focuses on the successful application of single-incision pediatric endosurgery in the treatment of congenital anomalies and acquired diseases in neonates and infants. The purpose of this scientific review consists in highlighting the spectrum, indications, applicability, and effectiveness of single-port endosurgery in children during the first 3 postnatal months.
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Core tip: Consequently, reports on a successful use of single-incision endosurgical technique in the treatment of congenital malformations and diseases in neonates and infants are still not numerous and often sporadic. Advanced skills and a high technical demand, along with the lack of specialized surgical equipment are factors limiting the popularity and availability of single-incision pediatric endosurgery (SIPES) for pediatric surgery in first 3 mo of life. However, the current body of evidence shows that a SIPES is indeed applicable in infants with outcome comparable to that of standard laparoscopy, and that it results in minimal post-operative surgical trauma and superb cosmesis.
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INTRODUCTION
The success of minimally invasive surgery resulted in significant changes of operative techniques that are mutually beneficial for the patient as well as the surgeon. The reduction of postoperative discomfort, quicker recovery, and improved cosmetic results became ubiquitously known advantages of laparoscopic surgery. Laparoscopy and thoracoscopy have further evolved with the purpose of making the operation virtually scarless. The first single-incision endosurgical intervention was a tubal ligation performed by Wheeless[1] in 1969. In the early nineteen nineties, Pelosi et al[2] described the first single-incision laparoscopic appendectomy. A few years later, the first transumbilical endoscopic appendectomy was performed in a child[3]. Single-site laparoscopic surgery developed in parallel to the idea of performing endoscopic surgery entirely via natural orifices (so-called natural orifice transluminal endoscopic surgery, abbreviated as NOTES) and appeared as an alternative to conventional, multi-port laparoscopy. NOTES involves extensive investment in expensive specialized equipment, and involves the risk of intra-abdominal infection due to access into the abdominal cavity via a usually colonized hollow viscus. To solve this problem, surgeons began using a natural embryonic orifice - the umbilicus - as a “door” to the abdominal cavity, giving rise to the development of single-incision endosurgery. Just a few years ago, single-port surgery has been limited to routine operations, including appendectomy and cholecystectomy. Later, a variety of innovative methods were developed on the basis of complex endosurgical procedures that include nephrectomy, splenectomy, adrenalectomy and intestinal resection and subsequent intracorporeal anastomoses[4-7]. In children, the procedure was coined single-incision pediatric endosurgery or single-incision pediatric endosurgery (SIPES). SIPES is an alternative to triangulated multiport laparoscopy in the surgical therapy of a spectrum of entities. Despite an extensive use of single-incision endosurgery in adult patients, the implementation of this type of surgery for treating children was somewhat slower. A possible explanation is that pediatric minimally invasive techniques have historically lacked behind those of adults. Size-appropriate laparoscopic instrumentation for infants and children has been produced only by select companies due to the smaller potential market share and profit margins.

TERMINOLOGY AND DEFINITION
Currently, single-incision endosurgery is defined as minimally invasive surgery performed via a single incision in the abdomen, chest, or retroperitoneal space (Figure 1). Many terms have been used to describe this approach: The term Single-incision laparoscopic surgery (SILSTM) is quite prevalent, but has been trademarked by a large device company. To avoid any conflicts of interest, we generally avoid it. One-port umbilical surgery (OPUS)[8], transumbilical endoscopic surgery (TUES)[9], embryonic natural orifice transumbilical endoscopic surgery (e-NOTES)[10] have been proposed. Other abbreviations are single-port access (SPA), laparoendoscopic single-site (LESS), single laparoscopic-incision transumbilical (SLIT) surgery. Nevertheless, many pediatric surgeons prefer of the abbreviation SIPES[11,12] since this term comprises all laparoscopy, thoracoscopy, and retroperitoneoscopy performed in children by means of a single incision. It also is a clear statement that this type of surgery indeed is performed in children, and that device companies should make an effort to develop size-appropriate equipment for this special application.
Single-port endosurgery was employed in infants much later than in older children. This lag appeared due to misconceptions of surgeons concerning the fact that miniature but visible scars left after conventional pediatric laparoscopy, were perfectly acceptable for patients as well as for their parents. However, scars grow proportionally along with the individual, so that even small scars in infancy may translate into larger ones visible later in life. Moreover, some surgeons were very concerned about compromised maneuverability of endosurgical instruments in a small abdomen of neonates and infants. Despite this concern, pediatric surgeons explored surgical procedures in which SIPES may provide advantages superior to those of multiport access in infants. Soon enough, gastrostomy in children placed via a single access was proposed and compared favorably with the three-port technique[13]. 
Several pediatric surgical centers that use modern laparoscopy showed interest in SIPES and promptly expanded surgical indications for it. Over the last decade, this technique was applied for many new indications (Table 1). Despite the growing popularity of SIPES, it is still not widely used in the newborn and infant population[14-27]. Ponsky et al[28], in one of their first scientific reviews, rejected in the strongest terms a capability to perform single-port surgery in children in the first three months of life. The number of scientific publications on the application of SIPES in this age group remains small and mostly devoted to a narrow circle of diseases where single-port surgery has demonstrated its effectiveness. A recent systematic review[29] analyzed all publications of the National Library of Medicine and National Institutes of Health on the website http://www.ncbi.nlm.nih.gov.pubmed, appeared before March 2012 and related to single-incision endosurgery in children. The study identified only 99 neonates among the 4212 pediatric patients. Children in the first month of life mostly underwent operations for congenital pyloric stenosis, Hirschsprung disease, ovarian cysts, inguinal hernias and ventriculoperitoneal shunt placements.

APPLICATION OF SIPES IN SMALL BABIES
Consequently, reports on a successful use of single-incision endosurgical technique in the treatment of congenital malformations and diseases in neonates and infants are still not numerous and often sporadic. We have limited data on possible areas of application of SIPES and weak evidence of its prevalence among infant populations.

Inguinal herniorrhaphy
Over the last decade single-port techniques for laparoscopic inguinal hernia repair were developed. Currently, the literature contains a limited number of reports on single-port laparoscopic surgery in neonates and infants with inguinal hernia[19,30-32].
A variety of SIPES procedures has been described, mostly including atransperitoneal dissection and percutaneous ligature without direct manipulation. Methods including LPEC[33], SEAL[34] and PIRS[35] perform the extraperitoneal ligation of the hernia sac under laparoscopic vision devoide of additional ports. These methods have specific drawbacks, however. For instance, the LPEC method (Laparoscopic Percutaneous Extraperitoneal Closure) as described by some authors requires the use of special LPEC-needle, which is not approved surgery in premature and low birth weight children. Other authors have described the use of a spinal (Touhy) needle for the dissection, an item that is widely available in most hospitals[36,37].
While using the PIRS method (percutaneous internal ring suturing), closure of the internal inguinal ringis incomplete, since the parts of the peritoneum over the spermatic cord and spermatic vessels are generally spared. Theoretically, the rate of recurrence and hydrocele formation may therefore be higher after these interventions. The SEAL method impliesa type of extraperitoneal hernia repair in babies without the need for special devices. In this technique a large-diameter needle is driven around the internal inguinal ring, throught the skin at another location, and in a retrograde fashion through the initial skin incision (Figure 2). SEAL allows a complete peritoneal hernia sac closure, possibly decreasing the risk of hydrocele formation[36]. Currently, there are only a few comparative studies of single-port and multi-port laparoscopic methods for pediatric inguinal hernia repair[37,38]. The Russian study[37] shows that periopioperative results of single-port herniorrhaphy are similar to those of the multi-port approach. The Indian study[38] compared results of the two discussed methods of endoscopic treatment of inguinal hernias and found superiority of the single-port laparoscopic method in the form of reduced operation time (15 min vs 25 min in cases of unilateral localization). This study, however, confers grave limitations in that the control group and the intervention group were subjected to different techniques of herniorrhaphy - extracorporeal and intracorporeal, respectively. This may explain the lack of superiority of the single-port approach. Both studies demonstrate the one main advantage of single-incision laparoscopic method - the impeccable cosmesis, dut to the hidden scar in the navel.

Pyloromyotomy
The first single-port pyloromyotomy without a use of special equipment or instruments was performed in Birmingham, Alabama[11]. The operation was completed through multiple puncture holes in the abdominal fascia after the umbilical skin incision was stretched. Perforation of gastric mucosa occurred in 3.2% of cases, and SIPES was converted into a three-port laparoscopy in 4.7% of cases. As a result, the authors assumed that SIPES pyloromyotomy is feasible, but a demonstration of its safety is still under an investigation due to a high number of perforations. Since presenting their initial results, the group has changed to a cross-technique single-incision pyloromyotomy, with no further mucosal perforations so far[12]. Another group of patients[39] contained 12 patients who underwent a SIPES pyloromyotomy. That comparative study found no significant difference in operative time or length of hospitalization, as well as an uncomplicated postoperative course in the SIPES group. 

Nephrectomy
A single-port laparoscopic approach for nephrectomy is not widely used in newborns and infants. Primarily, this is due to the fact that the majority of pediatric surgeons are satisfied with the cosmetic results of the multi-port endoscopic techniques. Another explanation of this phenomenon is the lack of technology and practical skills to implement SIPES in small babies. Park et al[17] and Johnson et al[40] were the first, who reported on single-incision nephrectomy in children. Publications regarding this method of nephrectomy in infants are considerably rare and limited by low case numbers[41-44]. These case series, which included 4 to 11 pediatric patients, demonstrated the possibility of removing a kidney laparoscopically through a single incision. The lowest average weight and age of patients in these scientific reports was 10.6 kg and 12 mo, respectively[44].
 
Nissen fundoplication
The largest series of truly single-incision laparoscopic fundoplications in children was published in 2011 and consisted of 3 infants[23]. Despite the limited number of patients and the inconsistent techniques employed, this study highlights many important aspects, challenges, and solutions of SIPES Nissen fundoplication. For one, the dissection phase of the operation is easily accomplished, whereas the reconstruction part can be quite difficult. Suturing with instruments in parallel alignment turned out to be the most complex task of the operation. The authors concluded that the so-called “Magic Wand technique” was the quickest way of tying the knots. Liver retraction during single-incision laparoscopic fundoplication is problematic. In this series, a dynamic grasper was used to hold the liver away when necessary in some cases. In the remainder, a 2-mm trocarless instrument (Mini-Lap Technologies Inc., Dobbs Ferry, NY) was passed under the liver and anchored in the diaphragm above the hiatus, suspending the liver on its shaft. At this time, the advantages of performing SIPES over conventional laparoscopic Nissen fundoplication are mainly cosmetic in nature. The benefit of virtually scarless surgery in neurologically impaired children who also require a gastrostomy is at least debatable.

Ovarian cystectomy
The relative proximity of the ovaries of newborn to the umbilical region became the object of attention of surgeons practicing single-port endoscopic techniques[45-50]. This approach allowed the surgeons to extract and resect pathological ovarian tissue through one incision made in the umbilical ring. The use of such technical innovations as transparietal aspiration and subsequent extraction of the cyst through a single but larger umbilical incision, provide the surgeon with a quick and comfortable means to remove pathological tissue from the ovaries. Ovarian cystectomy is the most common SIPES procedure reported and has been performed in patients in infancy. Prospective studies are required to demonstrate SIPES benefits in pediatric gynecology.

Other procedures
Only one report demonstrates the use of SIPES for endorectal pull-through for Hirschsprung disease in infants[51]. Though the procedure is technically complex, as it turned out, it can be safely performed with good postoperative results and without complications. Later, publications appeared on individual cases of duodenal web resection in patients with duodenal atresia[52], and resection of a NEC stricture in a premature infant[53]. 

ACCESS DEVICES
In the beginning of the SIPES era, there was a lack of proper tools to provide access to the abdominal cavity in infants. Enthusiastic pediatric surgeons looked for new methods and put innovative ideas into life. Originally, as an alternative to currently known port systems, they used homemade devices[17,54]. The use of surgical gloves (Glove port), introduced through, was one of the examples. Every finger of the glove was used for a individual laparoscopic tools[55]. The increasing demand for an optimal platform for single-port access has led to a large number of inventions of multichannel devices such as the X-Cone, S-Cone and EndoCone (Karl Storz GmbH, Germany), KeyPort (Richard Wolf GmbH, Germany), TriPort and QuadPort (Advanced Surgical Concepts, Olympus, Japan), SILS-port (Covidien Inc., Switzerland), Uni-X (Pnavel Systems, United States), AirSeal (SurgiQuest, United States), GelPort (Applied Medical, United States). However, none are particularly suitable in newborns or infants. The idea of an introducing multiple instruments through a single device was appreciated by specialists dealing with a single-port surgery[56-61]. However, a generally large size of the multiport systems, which may require a 2-3 cm fascial incision, often restricts a use in small children. Rothenberg et al[62] reported on a use of a special device for the performing of SIPES cholecystectomy. The technique of S. Rothenberg involved the use of an operating laparoscope with an accessory channel through which was introduced a single working tool. However, such devices for the performing of SIPES also did not gain widespread popularity in children, mostly due to their large diameter. The only exception to the above-mentioned multichannel systems are those that rely on a ringed “sleeve” such as the TriPort or QuadPort devices (Advanced Surgical Concepts, Olympus, Japan), or the GelPoint (Applied Medical, United States), which require only a 1.5 cm fascial incision, feasible even in neonates (Figure 3). Soon after the invention of multiport devices, the access to the abdominal cavity was achieved using several three to five millimeter trocars introduced individual, closely-spaced umbilical access points. That is the technique commonly used nowadays in young patients (Figure 4). When a working space is limited, for instance in infants, laparoscopic instruments are installed directly through the fascia without a use of trocars[63]. As expected, the leak of carbon dioxide became more significant using this technique[64]. However, an increased risk of postoperative umbilical hernias as a result of the “Swiss cheese” effect resulting from placing multiple trocars through the fascia in one are was not confirmed in studies[65-68].
Having considered the technical aspects of single-port technique, there are some peculiarities for its application in young children. Some authors found that the majority of SIPES operations in infants, in fact, could be done without the use of expensive proprietary multi-port systems. Placement of separate laparoscopic trocars through a single-incision provides good ergonomics and excellent cosmetic results, at no additional costs necessary for the purchase of multi-port systems[69]. Furthermore, long telescopes, instruments with a different working length (Figure 5), transparietal stitches, and a crossed manipulation system allows surgeons to perform surgical maneuvers and to avoid a collision of instruments, were all beneficial.

INSTRUMENTS AND TECHNIQUES OF MANIPULATION
Just as there are no special devices for umbilical access made specifically for small children, the available selection of instruments for SIPES in small children is limited. The lack of triangulation of instruments is a major hurdle to SIPES. To overcome these inconveniences, Hansen E made a point of using different length graspers, separating the working hands along the Z-axis. This avoids collision of the surgeon’s hands and instrument handles that result from employing the usual, nonbent laparoscopic devices[64]. New instruments with a flexible distal part, or a so-called “roticulation”, have an advantage in terms of their ability to avoid collision[70]. Unfortunately, the use of these modern devices is limited, since their cost is high, and application in small children is precluded by their large size. 
The technique of the “cross-handed” manipulation (cross-instrumentation), proposed by Hansen et al[64] in 2011, gained popularity in young children due to an absence of special instruments (Figure 6). Also, to ensure the retraction of internal organs, some surgeons place an additional 2 mm diameter grasper through the abdominal wall (MiniLap, Stryker, United States)[71]. Whether this is still “single” incision laparoscopy is open to debate. A group from Argentina, led by Padilla et al[26], designed and manufactured mini alligator-graspers connected to a strong magnet. They were placed into the abdominal cavity at the beginning of the case, placed on the tissue to be retracted, and managed from the outside by an external sterile magnet on the surgical field. These magnet-graspers can retract abdominal organs and thereby augment the working space. 
Together with above-mentioned devices for retraction, many surgeons also have started to apply transparietal stitches to fix internal organs. There are several types of such stitches described, and they are especially applicable in neonates and infants. Some of them are sutured around the ligamentum teres hepatis (Figure 7) to elevate the liver and provide access to the pylorus or to the gastroesophageal junction[64]. Others bite the seromuscular layer of hollow organs and are intended to stabilize the stomach, parts of intestine, gallbladder[63,72]. Finally, telescopes underwent further evolution. Many surgeons use laparoscopes with a length of 45-50 cm. This allows better visualization and spatial separation between the surgeon and the assistant[28].

TISSUE DIVISION 
Modern minimally invasive surgery relies on innovative means of a tissue dissection. These comprise the traditional mechanical and physical ways using “cold” steel instruments along with the more advanced types of energy - high frequency, ultrasound, laser. The application of an endoscopic knife or scissors has limited application for neonates and infants and usually is employed for standard procedures - pyloromyotomy, pyeloplasty, duodenal anastomosis[11,12,73,74].
An ideal dissector and coagulator for patients of all ages does not exist. Application of a certain type of energy may be effective in adults and older children, but it may be dangerous or undesirable in small babies. Advanced energy cutting tools either use monopolar or bipolar coagulation. Monopolar tissue dissection is more commonly used in infants, because the energy of a monopolar source is sufficient enough for the delicate dissection of small diameter vessels. A 3 mm diameter monopolar hook is an ideal dissection device in an infant. Bipolar coagulation has the advantage that the current flows only through the target tissue and not the entire body of the patient. However, it is usually delivered through a clamp, mostly of 5 mm diameter or more. 
In infants, tissue dissection is mostly achieved by the “pull and coagulate” principle[66]. It entails the combination of traction and countertraction of the tissue placed between two endoscopic clamps. One often, an atraumatic clamp such as the “duckbill” is employed. In the authors experience, the tissue is fixed and held with the left hand. The right hand grasps an endoscopic Kelly- or Maryland-type grasper connected to the monopolar electrosurgical source, and is used to dissect and coagulate the tissues of the patient under traction. This setup minimizes the time necessary for dissection of the tissues, and provides complete control over bleeding. In case of an intraoperative hemorrhage, having two clamps simultaneously in the abdomen allows the surgeon to stop it immediately by mechanical compression and to coagulate it with the monopolar clamp without changing tools. 
The limits of bipolar dissection and coagulation in children of the first three months of life are surgical interventions requiring extensive tissue dissection, operations on parenchymal organs, and those procedures with a need of alloying vessels of big diameter - short gastric vessels, renal and suprarenal arteries and veins. The ultrasound dissector (Harmonic scalpel, Ethicon, United States) and BiClamp technology (ERBE, Germany) are the energy resources usually used for performing SIPES in infants. These devices simplify dissection of tissue planes and reduce the lateral thermal damage on adjacent tissues[28,75]. The unique design of the BiClamp allows very exact manipulations in the limited spaces of an infant body. The other benefit of this tool is the possibility of resterilization.

SUTURING
Suturing in parallel alignment turns out to be extremely challenging. Different SIPES approaches for intracorporal suturing have been[23]. In the “Magic Wand technique”, the needle is grasped by the tip and used as an angulation device that helps wrap the suture around the tip of the counterinstrument. Extracorporeal knot tying is an attractive alternative for those that want to avoid the difficulties of intracorporal suturing in parallel. The “Spaghetti technique” can be performed using just one instrument, which grasps the suture close to, but not quite at the needle. The surgeon then twists the instrument around its axis so that the suture wraps around the shaft like around a fork loading up on spaghetti. After the wrapping, the instrument opens and grasps the free suture end, pulling it through the loops while the other instrument provides countertraction. Automatic suturing devices such as the Ti-knot (LSI Solutions, New York, United States) secure the suture by a metal clamp. 

ADVANTAGES OF SIPES
Disputes over SIPES still exist and mainly focus on the fact that many surgical interventions are much more difficult to perform through a single access site[24,69]. Also, it has not been shown so far that single-port techniques are safer or more effective than standard laparoscopy. In addition, the aesthetic advantage has not been evaluated objectively and the “improved cosmetic result” remains a subjective outcome.
There is no doubt that a better cosmesis is the primary advantage of SIPES, which uses the umbilicus as a “keyhole” to hide the postoperative scar (Figures 8). An umbilical incision is also valuable since it can easily be converted into a multiport laparoscopy or into an extended umbilical incision, for example, for “hybrid” operations that combine principles of laparoscopic and open surgery.
Currently, there is no clear advantage of SIPES over the other methods due to a weak level of evidences in most publications, except for reports on single-port appendectomy and cholecystectomy. There are odd bits of information concerning the children of older age groups, which are discrepant. 

POSTOPERATIVE PAIN
Initially, Chandler et al[76] reported on a decrease in the need for intravenous drugs after SIPES appendectomy in comparison with conventional multiport laparoscopy performed on 110 children. However, in 2011 St Peter et al[77] found the opposite - patients require more analgesia during their hospital stay after a single-port appendectomy in comparison to those who underwent conventional laparoscopic appendectomy. The postoperative length of children's hospital stay after the cholecystectomy was equal to that of a standard single-port laparoscopy[78]. However, a recent study of patients, who underwent single-incision endosurgical cholecystectomy, showed that they had a lower level of postoperative pain and required less analgesics than patients that underwent a multiport endoscopy. The same study also showed a reduction of the length of hospital stay[79].
As soon as special equipment is required, SIPES becomes less profitable. Some of the special instruments and proprietary multi-ports significantly increase expenses of these operations. Though experienced surgeons have used conventional laparoscopic instruments for SIPES, and have comparable results with regard to operative time, it must be noted that the learning curve of these techniques is quite long and requires at least 40 cases to reach a plateau[80,81].
A definitive advantage of SIPES vs conventional laparoscopic surgery becomes apparent when ablative procedures are performed. It is much easier to extract a large Spleen or even a gallbladder full of stones through a single 2 cm incision than it is to do it through a 5 or even 10 mm trocar site. The other advantage is that a finger can be inserted through the larger single umbilical access site, allowing the surgeon to obtain tactile information, something impossible through several 3, 5, or even 10 mm incisions. Therefore, SIPES may be an ideal technique for ablative and oncologic indications.

COMPLICATIONS AND CONVERSIONS
Rare complications after application SIPES in neonates and infants have been reported in the literature, including intestinal perforation, trauma of adjacent organs, and wound infection[64]. In the first series of single-port pyloromyotomy, the complication rate was 6%, including perforations of the pyloric mucosa and duodenal mucosa. Although the perforations were immediately recognized, repaired, and the patients suffered no postoperative sequellae, the relatively high perforation rates prompted the authors to change their technique to the cross-technique instead.
Initial reports also raised concern over an increasing risk of wound infections after SIPES. However, later studies showed a decrease of the wound infection rate, corresponding to increased experience in handling tissues around the navel. Studies have shown that the wound infection rate (2.3%) did not differ from that of the conventional laparoscopic procedures[77]. Another concern is the possibility that a large umbilical incision may theoretically increase the risk of postoperative umbilical hernia. However, cases of this complication were not found in the existing literature.
There is no consensus in the literature concerning the definition of “conversion” in SIPES. Analyzing the available publications, it has been defined as[28,68]: (1) a need to use one or more additional ports to complete single-port procedure; or (2) a switch to the open surgery. Conversion to conventional laparoscopy or placement of additional trocarss should not be considered a failure of SIPES. A surgeon must not endanger the patient safety, must use sane judgment, and add ports as necessary. Ponsky et al[28] reported their experience of more than 70 cases of SIPES in children. They reported on an acceptable level of conversions to standard laparoscopy and few perioperative complications. In other studies, including that of older children, SIPES results were similar to those of conventional laparoscopic procedures, with a conversion rate of 2%-11%[63,68,76,82-84].

CONCLUSION
[bookmark: _GoBack]General interest in the umbilical ring as a “keyhole” for single-incision access to the abdominal cavity organs, has promoted the development of modern endoscopic surgery towards the development of a “stealth” techniques, those that leave no visible scar behind. We believe that SIPES, despite its initial success, still has huge obstacles to overcome in order to be recognized as a universal, standard surgical approach in children in the first 3 mo of life. Modern laparoscopic instruments of a small diameter with multidirectional roticulation and abilities to move in several planes may soon let pediatric surgeons perform complex laparoscopic procedures more efficiently. With their introduction, the limited triangulation and reduced degrees of freedom will no longer be a problem. Moreover, in the near future one could expect the introduction of single-incision port devices that are more appropriate for small children. Advanced skills and a high technical demand, along with the lack of specialized surgical equipment are factors limiting the popularity and availability of SIPES for pediatric surgery in first 3 mo of life. However, the current body of evidence shows that a SIPES is indeed applicable in infants with outcome comparable to that of standard laparoscopy, and that it results in minimal post-operative surgical trauma and superb cosmesis.
Summarizing our review, we conclude that: (1) The current experience with SIPES in children in first 3 mo of life shows good outcomes, few complications, and a low conversion rate; (2) Special costly proprietary devices and instruments are not required to perform SIPES; (3) Most surgeons perform these procedures with conventional laparoscopic instruments, standard energy devices, and some have improvised to build their own low-cost access ports; (4) Superb postoperative long-term cosmesis is the biggest advantage of the SIPES, although there is no objective evaluation of this in the literature so far studies comparing the cosmetic outcome should be performed in the future; and (5) Most endoscopic surgeons that practice SIPES believe that it is an evolutionary continuation of traditional laparoscopy. However, the prospective controlled studies must be performed to determine the real advantages of this novel approach.
Although we have made every effort to include all relevant studies in our review on SIPES in the newborn and infant, it must be remembered that published data on the subject at this time is insufficient to perform a formal meta-analysis. Most publications at this time are case series or retrospective analyses. A well-defined control group is mostly absent. Therefore, formal scientific scrutiny of SIPES techniques in infants at this time is limited. We encourage pediatric surgeons to prospectively evaluate their results with SIPES interventions in the future.
Despite these recognized limitations, our review highlights the immense creative potential of pediatric surgeons in search for less invasive methods, which might eventually develop and turn SIPES into a preferred method for endosurgical operations in infants and children.
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Table 1 Indications for single-incision pediatric endosurgery
	Indication
	Year introduced
	Comments

	Inguinal herniorrhaphy[14]
	2006
	No intraoperative complications. Recurrence rate 0.73% in 711 children

	Pyeloplasty[15]
	2007
	One small anastomotic leak that closed spontaneously occurred in 16 cases

	Meckel diverticulectomy[16]
	2008
	Single-incision approach was faster than multitrocar laparoscopy

	Nephrectomy[17,18]
	2009, 2010
	Independent case reports, technically feasible

	Splenectomy[19,20]
	2009, 2010
	Extraction of the spleen facilitated by a larger single incision compared to standard laparoscopic surgery

	Pyloromyotomy[11,12]
	2010, 2011
	Crossing instruments and stabilizing the antrum rather than the duodenum associated with fewer complications

	Orchidopexy[21]
	2010
	Case report, feasible

	Morgagni diaphragmatic hernia repair[22]
	2010
	Case report, intracorporal knot tying challenging

	Fundoplication[23]
	2011
	SIPES intracorporal suturing is technically demanding. Several alternative techniques available

	Hepaticojejunostomy[24]
	2012
	One bile leak early in the series of 19 patients. Two conversions to multiport laparoscopy. Operative time, length of stay, other outcome parameters same as conventional laparoscopy

	Ventriculoperitoneal shunt placement[25]
	2011
	Successful placement of the distal shunt limb in a series of 5 patients

	Total colectomy[26,27]
	2011, 2012
	Results similar to those after open and multiport laparoscopic surgery



SIPES: Single-incision pediatric endosurgery.
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Figure 1 Creation of single umbilical incision.
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Figure 2 Position of the endoscope and Tuohy needle during SEAL inguinal herniorrhaphy.
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Figure 3 Placement TriPort single-port device (Advanced Surgical Concepts, Olympus, Japan) into abdominal cavity.
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Figure 4 Installation of laparoscopic instruments through fascial wounds without a use of trocars.
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Figure 5 Laparoscopic instruments for single-incision pediatric endosurgery - a 5 mm endoscope with a length of 45 cm and 3 mm instruments with different lengths (20 and 30 cm).
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Figure 6 The technique of the “cross-handed” manipulation (cross instrumentation) during pyloromyotomy.
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Figure 7 Transparietal stich sutured around the ligamentum teres hepatis.
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Figure 8 Cosmetic result. A: Cosmetic result after 7 d from a single-incision laparoscopic right nephrectomy; B: Cosmetic result after 1 mo from a single-incision laparoscopic right nephrectomy (same patient).
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