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Abstract

AIM: To compare the effectiveness of needle-free incision suture closure with butterfly tape and traditional secondary suturing techniques in treating incision infection.
METHODS: Two hundred twenty-three patients with incision infection following hepatobiliary surgery at a tertiary hospital were randomly divided into three groups: 90 patients were closed with needle-free incision suture closure, which gradually closed the incision wound when drainage from incision infection was visibly decreased and healthy granulation tissues had grown; 79 patients were closed with butterfly bandage; another 54 patients were closed with traditional secondary suturing techniques. Healing time of incision infection was calculated from beginning of dressing change to the healing of the incision.
RESULTS: Healing time in the needle-free incision suture closure group (24.2 ± 7.2 d) was shorter than in the butterfly bandage group (33.3 ± 11.2 d) and the traditional secondary suturing group (36.2 ± 15.3 d) (P < 0.05). Healing time in the butterfly bandage group appeared to be slightly shorter than in the secondary suture group, but this difference was not statistically significant (P > 0.05).
CONCLUSION: Needle-free incision suture closure could gradually close the infection wound at the same time of drainage and dressing change, and could thereby shorten the healing time.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Both the secondary suturing closure and butterfly bandage methods have been in clinical practice to treat incision infections for many years but have many drawbacks. In comparison to traditional methods the needle-free method of incision infection closure had following advantages: significant decrease in wound closure time; ability to adjust the suture tension at different times and gradually close the wound thus allowing drainage and dressing at the same time; elimination of complicated and painful secondary suture; elimination of risk of secondary infection, and extreme ease of use.
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INTRODUCTION
In surgical practice, an incision is the basic step that gains access to the operative field. However the incision itself is a trauma, disrupting the integrity of local skin tissue, thereby damaging the local protective barrier, promoting microbial invasion and growth, and causing further complications, of which the most common is wound infection[1-8]. As surgical techniques have advanced and hospital infection control has progressed, the rate of incision healing has significantly improved, yet incision infection still occurs for many reasons. The current rate of surgical wound infection is as high as 8.4%, and the treatment of infected incision remains an issue for surgeons[3,4]. In the past, post-operative wound infections were handled by secondary suturing or the butterfly bandage method, often after several weeks of open drainage and dressing. These traditional methods have many drawbacks: use of the butterfly bandage prevents continuous observation of the wound condition, the tape itself cannot be guaranteed to be sterile, and the adhesion strength of tape is often gradually reduced during wound closure. More importantly, the butterfly bandage exerts uneven forces and cannot gradually diminish the tension on an incision wound. For these reasons, this method often results in excessive extrusion of the wound, thereby hindering the growth of granulation tissue. The secondary suture method also has several shortcomings such as post-procedure pain and the need for local anesthesia, and because the appropriate time for closure is very hard to determine, the closure period is often prolonged. Furthermore, the success rate of the secondary suture method is low: sometimes if there is reinfection the wound has to be reopened, thereby inconveniencing both patients and medical staff. Despite the flaws of these two traditional methods, which have been used clinically for many years for the control of incision infection, still no major changes have been made[8-10].

From January 2010 to June 2013, 90 incision infections after hepatobiliary surgery in our hospital were treated with needle-free incision suture closure (NFISC) (Li Chen Co., Chengdu, China). We found that this method of infected wound closure had the following advantages: unobstructed drainage of wound discharge, early wound closure, shorter wound healing time and higher success rate of incision closure. Our preliminary experience is introduced as follows.
MATERIALS AND METHODS

General information
From January 2010 to June 2013, 223 incision infections after hepatobiliary surgery at West China Hospital, Sichuan University School of Medicine, were selected for this study. These cases included 109 male patients and 114 female patients, ranging in age from 21 to 77 years (mean 43 years); 135 cases had wound infection after biliary surgery and 88 cases had wound infection after hepatic surgery. The Hospital Infection Diagnostic Criteria were used[2-4]. The inclusion criterion for this study was post-operative infection on the incision site, and the exclusion criterion was a history of any underlying disease that would affect wound healing. Occurrences of wound fat liquefaction were excluded. Appropriate consent was obtained from each patient. These 223 patients were randomly divided into three groups and treated accordingly: the NFISC group had 90 cases treated with needle-free incision suture closure (Li Chen Co., Chengdu, China), the BB group had 79 cases treated with the butterfly bandage method, and the SS group had 54 cases treated with the secondary suture method. The study protocol was approved by the ethics committee review board of Sichuan University.
Methods
In the NFISC group (n = 90), patients who were diagnosed with surgical wound infection were treated by immediate removal of stitches and other foreign bodies, and drainage of pus. Needle-free suture treatments were used in these patients soon after the drainage decreased significantly and healthy granulation tissue appeared. At the early stage of closure, this method imposed only a small closure force so that the wound remained open; thus the infected fluids drained freely, and dressing of the wound could still be performed. At the later stage of closure, the skin edges of both sides were gradually brought together after much growth of healthy granulation tissue, resulting in complete wound closure (Figures 1 and 2). In the butterfly bandage method group (n = 79) and traditional secondary needle suture group (n = 54), infected wounds were closed with the butterfly bandage or secondary suture methods, respectively, when abnormal secretions disappeared and much healthy granulation tissue had grown after regular change of wound dressings. Wound healing time was calculated from the discovery of incision infection to the healing of the incision. 
Statistical methods

Data were analyzed using the SPSS v11.0 software package (SPSS, Chicago, IL, United States). Quantitative data were expressed as the mean and standard deviation. Statistical comparisons between groups were performed using one-way analysis of variance. The least significant difference test was performed to compare two groups. A P-value < 0.05 was considered statistically significant.

RESULTS
All patients had a Class II right upper quadrant incision under the costal margin. Patients enrolled in this study had no underlying diseases that influenced the healing of the incision wound. Using analysis of variance no statistically significant differences were found at baseline (P > 0.05).
ound healing time in the NFISC group was 24.2 ± 7.2 d; in the BB group, 33.3 ± 11.2 d; in the SS group, 36.2 ± 15.3 d. The latter included seven cases with failure of wound closure in which the patient had to undergo debridement, drainage dressing and resuturing, which took longer to heal. The wound healing time in the NFISC group was significantly shorter than that in the BB and SS groups (both P < 0.05) (Figure 3). Healing time in the BB group appeared to be slightly shorter than in the SS group, but the difference was not statistically significant (P > 0.05) (Figure 3).

DISCUSSION
Incision infection, one of the most common complications of surgery, results in longer hospital stays, increased medical expenses and many other problems for patients and caregivers. The incidence of wound infection directly affects outcomes of the surgical procedure, patient satisfaction and the reputation of the medical institution[5,11,12]. Wound infection prevention and control has been officially included in hospital management programs and has become an important criterion in evaluation of the quality of medical care[9,10,13]. Research has shown that infection of the incision site is 50% attributable to patient-related factors and 35% attributable to staff-related factors. Risk factors for postoperative wound infection include old age, underlying diseases that influence the wound healing process, other infections, long operating time, poor suturing techniques, blood clots, foreign bodies, faults in the cutting edges and poor health status of patients[6]. Incision infection after abdominal surgery can be healed by traditional techniques but often delays healing time, requires a longer hospital stay, and leaves patients with large scars after healing. The secondary suture technique can significantly shorten the course of healing compared with butterfly bandaging but still is not satisfactory because improper techniques and improper suture time sometimes make it impossible to avoid reinfection, which exacerbates the patient’s suffering and economic burden.

The treatment of incision infection depends completely on open drainage. In normal healing, healthy granulation tissue grows slowly from the base of the wound, gradually filling and connecting the wound gap; however, if necrotic debris formed in the infected wound is not drained quickly, it will interfere with the formation of granulation tissue, interrupting new capillary network formation. Accumulation of toxins and enzymes by pyogenic bacteria leads to wound tissue necrosis of collagen fibers, collagen dissolution and increased tissue damage. delaying the wound closure time and thereby leading to the formation of thick scars.

In the past, incision infections were usually treated with secondary suture or butterfly bandages, both of which techniques had many limitations. Secondary suturing requires the patient to undergo local anesthesia prior to closure and often results in post-procedure pain, delayed healing, a coarser scar and sometimes a need to reopen and drain the wound because of reinfection. The butterfly bandage technique imposes uneven force on the wound edges and prevents direct observation of the wound healing; other drawbacks include preventing the drainage of infected fluids, secondary contamination by the tape itself, high wound pressure affecting the growth of granulation tissue, and inconvenience in wound cleaning and dressing. More importantly, when using butterfly bandages, the incision wound tension cannot be adjusted at different times. Thus the closure of the incision often has to rely on granulation tissue, which results in formation of thick scars. These scars may affect various functions and range of motion especially when they occur at joints or other parts. Thus, practical effects of these traditional secondary closure techniques of the infected incision wound are not wholly satisfactory.

Needle-free incision suture closure avoids the need to puncture the skin. By avoiding introduction of a foreign body, this source of a possible reaction is eliminated, and incision inflammation and scarring are consequently reduced[14]. Because the incision is open, necrotic material from the infected incision wound can be drained easily, thereby keeping the wound clean and promote the healthy growth of granulation tissue, which will have a good effect on infected wound healing and patient satisfaction[15]. Moreover, needle-free incision suture closure method allows us to adjust the suture tension over time and gradually close the infected incision. 

According to the results obtained from this study, infected incision wound using needle-free incision suture method gradually closes the infection wound and at same time allows drainage and dressing change, and thus shortens the wound healing time. Our preliminary clinical studies have shown that, compared to conventional sewing (secondary suture technique or butterfly bandage), the needle-free incision suture closure method is indeed a preferred method of incision closure, on the basis of significantly reduced healing time. Compared to conventional needle stitching or butterfly bandage to deal with infected wounds, needle-free incision suture closure method imposes equal wound closure force distribution, gradual reduction in the wound tension, and thereby can gradually close the incision with no secondary contamination; most importantly, it is convenient to observe and change dressing during the gradual closure of wound, such advantages are not possessed by traditional methods[16]. 

This preliminary study of the clinical efficacy of the needle-free incision suture closure method is limited in scope, presenting only one key measure of clinical efficacy. Prior to wide clinical use, this method requires further study including other measures of efficacy and safety and longer-term follow-up.

COMMENTS
Background

In surgical practice, an incision is the basic step that gains access to the operative field. However the incision itself could cause further complications, of which the most common is wound infection. Despite many drawbacks of traditional methods for the control of incision infection that have been applied clinically for many years, still no major changes have been made to tackle the problem of incision wound infection.

Research frontiers

Incision infection is one of the most common complications of surgery. In the past, incision infections were usually treated with secondary suture or butterfly bandage method, both of which techniques had many limitations. In this study, the authors demonstrate that the needle-free incision suture closure method could be a potential treatment of incision infections.

Innovations and breakthroughs

In comparison to traditional methods the needle-free method of incision infection closure had following advantages: significant decrease in wound closure time; ability to adjust the suture tension over time and gradually close the wound, thus allowing drainage and dressing at the same time; elimination of complicated and painful secondary suture; elimination of risk of secondary infection; and extreme easy of use.
Applications

By showing the effectiveness of needle-free incision suture closure method to treat incision infections, this study may represent a future strategy for therapeutic intervention in the treatment of patients with incision infections.
Terminology

Needle-free incision suture closure is a potential method to treat incision infections by imposing a small closure force so that the wound remained open at the early stage of closure; thus the infected fluids drained were freely, drained and the dressing of the wound could still be performed. At the later stage of closure, the skin edges of both sides were gradually brought together after much growth of lot of healthy granulation tissue, and thus resulting in complete wound closure.
Peer review

This study had the opportunity to review a paper “Clinical Effectiveness of Treating Incision Infection using Needle-free Incision Suture”, and I found very interesting.
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Figure 1 Wound site before closure.

Figure 2 Closure of the infection wound was using needle-free incision suture closure.
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Figure 3 Healing time in patients with incision infection. The wound healing time in needle-free incision suture closure (NFISC) group was significantly shorter than that of traditional butterfly bandage group (BB group) and secondary suture group (SS group). Healing time in butterfly bandage group appeared to be slightly shorter than secondary suture group, but the difference wasn’t statistically significant (P > 0.05). aP < 0.05 vs BB group and SS group.
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