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Abstract
BACKGROUND
Allergic contact dermatitis (ACD) secondary to Dermabond Prineo™ is rare, but documented. To our knowledge, there are no described reports of this ACD reaction within the pediatric population following arthroscopic surgery.

CASE SUMMARY
We report two cases of pediatric ACD upon second exposure to Dermabond Prineo™ after knee arthroscopy. Both cases presented within two weeks of the inciting second exposure. The cases resolved with differing described combinations of sterile cleaning, diphenhydramine, and antibiotic administration. No long-term sequelae were found.

CONCLUSION
This case report elucidates the rare complication of allergic dermatitis secondary to Dermabond Prineo™ repeat exposure use in pediatric arthroscopy. 
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Core Tip: Dermabond Prineo™ has shown to be advantageous as a wound closure device with regards to operative efficiency, cosmetic results, and decreased postoperative restrictions. With the increased use of Prineo™ as a wound closure alternative, surgeons should be aware of potential risks, especially in cases with previous exposure to Dermabond™ or Prineo™. Both cases in this series resolved with differing described combinations of sterile cleaning, diphenhydramine, and antibiotic administration.

INTRODUCTION
Efforts to decrease total operative time during a given surgical procedure are becoming more critical as both surgeons and administrators consider cost savings for hospital systems and surgical centers. It is estimated that one minute in the operating room can cost up to over $130 depending on the facility[1,2]. With the advent of rapid wound closure products such as Dermabond™ and Dermabond Prineo™ (Ethicon Endo-Surgery, Cincinnati, OH), operative times can be shortened, resources saved, and operative efficiency and post-operative patient comfort increased[3–5]. 
Prineo™ is a wound closure system that utilizes a self-adhering polyester-based mesh in combination with a monomeric 2-octyl cyanoacrylate formulation and the colorant D&C Violet No. 2. The wound closure system is intended to be used in conjunction with deep dermal stitches. Reported benefits of Prineo™ include a protective microbial barrier, greater skin holding strength when compared to skin staples or subcuticular sutures, more evenly distributed tension away from wound edges, easy removal, and reduction in overall wound closure time[3,6–8]. 
While there are reported cases of post-operative allergic contact dermatitis (ACD) with the use of Dermabond™, there are few reported cases of such dermatitis associated with the Prineo™ wound closure system, and even fewer associated with a pediatric age group[9–11]. This case report describes instances of ACD following exposure to Prineo™ in a pediatric age group.

CASE PRESENTATION
Chief complaints
Case 1: Six days after an arthroscopic left medial meniscus repair and bone marrow aspirate injection, a 15-year-old female reported increasing itching and a burning sensation around the incision sites that progressed to feeling like her left knee was “on fire.” 

Case 2: The second patient is a 12-year-old female who presented one week after her left medial meniscal allograft transplantation and reconstruction of anterior cruciate ligament (ACL), posterior cruciate ligament (PCL), and medial collateral ligament (MCL) with complaints of two days of itching around her operative sites.

History of present illness
Case 1: The patient underwent an arthroscopic left medial meniscus repair and bone marrow aspirate injection in which the portal incision sites were closed with Prineo™. Thrombo-Embolus-Deterrent (TED) hose were applied after the surgical drapes were taken down. The procedure was uncomplicated. Upon the patient’s return for her one-week postoperative follow up appointment, she was noted to have large blisters covering the anterior portal sites (Figure 1A). The Prineo™ mesh dressing was removed and it was noted that there were large blisters to the anterior left knee.

Case 2: The patient underwent a left meniscal allograft transplantation with reconstruction of the ACL, PCL, and MCL for congenital absence of these structures. All incisions and portal sites were closed with Prineo™. Surgical drapes were taken down and TED hose were applied bilaterally. The procedure was uncomplicated. The patient then returned for her one-week postoperative follow-up appointment with a red papular rash surrounding the anterior knee and surgical sites. She complained of itching around these sites. 

History of past illness
Case 1: This patient had a right knee ACL reconstruction two years prior in which the incisions were closed with Prineo™. There was no allergic reaction to the closure device at that time. She then sustained a left knee injury while playing softball. She was found to have a medial meniscus tear that was subsequently treated surgically as presented in this case.

Case 2: She had previously undergone a right medial meniscal allograft transplantation with ACL and MCL reconstruction a year and a half prior for congenital absence of these structures, performed by the senior author. Dermabond™ was used for wound closure during her first surgical procedure and Prineo™ was used in this case. 

Personal and family history
Case 1: This patient had an unremarkable personal and family medical history.

Case 2: This patient had an unremarkable family medical history with a personal medical history of congenital absence of bilateral ACL, MCL and medial meniscus.

Physical examination
Case 1: The blisters were intact and raised. She also had pruritic scattered papules on the thigh and lower leg. She had a negative Homan sign and the remainder of her physical exam was unremarkable for her postoperative course. 

Case 2: One week post-operatively, the dressings covering the operative knee were removed and she was noted to have significant skin inflammation with blisters and welts along the entirety of her surgical incisions (Figure 2A). She also had scattered papules from her groin to her left ankle that were erythematous but not draining nor pustular. The surgical incisions and portal sites were noted to be well approximated with no evidence of drainage. 

FINAL DIAGNOSIS
The above cases demonstrate the occurrence of pediatric ACD upon second exposure to Prineo™. Both cases presented with this within one week of the surgical procedure. 

TREATMENT
Case 1: She was prescribed diphenhydramine 25 mg twice daily and placed on doxycycline 100 mg daily for seven days for treatment of concurrent folliculitis. Her wounds were cleaned with sterile water and patted dry. They were then redressed with a nonadherent dressing over the blistering area followed by soft dressings over top. Her TED hose were discontinued until the blisters dried up.

Case 2: The patient’s TED hose were discontinued on the operative side (left) and the skin was cleaned above and below the incisions. The incision sites were then redressed with a non-adhesive dressing followed by soft dressings. She was placed on diphenhydramine 25 mg twice daily which was increased to four times per day as needed for persistent itching. She underwent daily dressing changes through postoperative day nine when the blisters became flaccid.

OUTCOME AND FOLLOW-UP
Case 1: At her 2-wk post-operative visit, the raised plaques had flattened, the erythema had decreased, and her pruritis had resolved (Figure 1B). She was followed weekly and noted to have significant improvement of the contact dermatitis at her three-week postoperative visit. Her blisters had resolved and no active drainage was appreciated on exam (Figure 1C). The patient was followed two years postoperatively and had no recurrence of any skin reaction surrounding the surgical incisions or elsewhere on her body. 

Case 2: On postoperative day fifteen, all blisters had drained and epithelialization of the underlying skin was appreciated. At the patient’s three-week postoperative appointment, she was instructed to shower and refrain from using any lotions or creams as scabbing of the blisters was noted. At her six-week postoperative appointment, the allergic dermatitis was completely resolved (Figure 2B). The patient was followed regularly for two years postoperatively and had no recurrence of any skin reaction surrounding the surgical incisions or elsewhere on her body. 

DISCUSSION
The occurrence of allergic reaction to Dermabond™ and Dermabond Prineo™ is rare and infrequently reported in the literature. Durando et al[12] reported an incidence rate of 1.7% (15 of 912 patients) over a two-year span involving 912 total knee arthroplasty (TKA) cases using Dermabond™. Of these 15 patients who developed a suspected ACD, three agreed to participate in patch testing to determine if they were allergic to Dermabond™ or 28 other possible allergens. Prineo™ was not used in these patient’s cases and as such was not studied. Of the three who agreed to participate, two of the three developed a positive reaction to Dermabond™[12].
Chan et al[13] reported 3 cases of allergic reaction to Prineo™ out of 366 patients (1.8%) that were managed by a single surgeon following TKA. Each of the cases presented within 4-9 d postoperatively and the reaction resolved between 4 wk to 12 wk postoperatively. Each patient was referred to a dermatologist and 2 of the 3 patients received a course of topical corticosteroids. Similar to our cases, no long-term sequelae, including recurrence or superficial or deep joint infection, occurred when followed for at least one year[13].
In a study examining wound complications after 2-octylcyanoacrylate skin closure following total joint arthroplasty, Michalowitz et al[14] found a 19.2% superficial wound complication rate in hip and knee arthroplasty cases when Dermabond Prineo™ was used. As a retrospective cohort study, the specifics of what defined a superficial wound complication were not described[14].
Davis and Stuart[15] reported a single case of a 72-year-old woman who was found to have severe ACD following a left TKA that subsequently was found to have an extreme patch test reaction to Prineo™ upon patch testing. This patient reported a similar but milder rash a year prior when she underwent right TKA. This case study provides further evidence that occurrence and severity of ACD to Dermabond Prineo™ may be related to second exposure. Similar to other reported cases, it should be noted that their patient’s symptoms resolved over a 3-4 wk treatment of topical corticosteroids[15].
Regarding current treatment standards, once surgical site infection is ruled out, the treatment of ACD requires an accurate severity assessment. In the post-operative setting, orthopaedic surgeons need to have a high index of suspicion for any dermatitis following the use of skin adhesives and treat immediately based on the severity of the dermatitis. In accordance with the International Contact Dermatitis Research Group classification, a mild reaction (1+ grade) has light erythema and is nonvesicular[16]. Mild reactions can be monitored for progression and consideration can be given to remove the Prineo™ dressing[17]. Conservative treatment entails dressing removal and oral antihistamines for pruritus. A moderate reaction (2+ grade) has edema, erythema, and discrete vesicles[16]. The removal of the Prineo™ dressing is necessary and the ACD is treated with topical steroids and oral antihistamines[17]. A severe reaction has coalescing vesiculobullous papules and is treated the same as a moderate reaction with the additional consideration of oral steroids[16,17]. The current guidance from the American Academy of Allergy, Asthma, and Immunology is to use 0.5 to 1 mg/kg daily oral steroids for 7 d when more than 20% of the body surface area is affected[16]. The selection of topical steroid potency is based on the location of the dermatitis, the lesion size, and the severity of the reaction[16]. In orthopaedic cases that do not involve flexural surfaces, mid to high potency topical steroids, such as triamcinolone 0.1% or clobetasol 0.05%, are appropriate[18]. Topical steroids application should be after hydration of the skin for optimal effectiveness[16]. In our cases, we did not use corticosteroids due to concerns with wound complications that have been previously reported with steroid use and postoperative incisions[19,20]. 
In a case report by Dunst et al[21], a 44-year-old woman who underwent reduction mammoplasty with Prineo™ wound closure presented 10 d postoperatively complaining of severe itching with an extensive skin reaction in the vicinity of the Prineo™ skin closure device. She was referred to dermatology and underwent allergy testing where a moderate positive allergic reaction to both components of the Prineo™ wound closure device was noted. The authors described a noticeable reduction in operating time in their use of Prineo™ in over 50 cases of excisional body contouring procedures with this case being the only instance of any dermatitis complication[21]. 
While there are some reports of Prineo™ reactions, there are several studies demonstrating the benefits of shorter operative times. Shippert[1] performed a randomized controlled trial showing decreased operative time, leading to decreased costs[1]. Another randomized study concluded that Prineo™ has significantly faster closure and increased post-operative patient comfort[8]. The low risk of adverse reaction to Prineo™ combined with the benefits of increased patient comfort and operative efficiency provide rationale for its continued use. In the current era with a focus on cost savings, Prineo™ can significantly decrease operative times leading to overall cost savings for hospital systems and surgical facilities. Any previous occurrence of allergic dermatitis following use of Dermabond™ or Prineo™, however, should prompt a thorough history and further use of Prineo™ should be carefully considered, if not completely avoided. 

CONCLUSION
This case report elucidates the rare complication of allergic dermatitis following second exposure use of Prineo™. This case report also brings forth the first, to our knowledge, reported cases of such allergic dermatitis in response to Prineo™ within the pediatric population. With the increased use of Prineo™ as a wound closure alternative, surgeons should be aware of potential risks, especially in cases with previous exposure to Dermabond™ or Prineo™. 
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Figure Legends
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Figure 1 Patient 1. A: Left knee operative site, one week post-operation and use of Prineo™ for wound closure; B: Left knee operative site, two weeks post-operation; C: Left knee operative site, three weeks post-operation.
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Figure 2 Patient 2. A: Left knee operative site, one week post-operation and use of Prineo™ for wound closure; B: Left knee operative site, six weeks post-operation.
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