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ABSTRACT

Background: Traditional neonatal circumcision relies on suturing for wound closure, which may increase operative time
and complications. This study evaluates the safety and efficacy of sutureless circumcision using Dermabond (2-octyl
cyanoacrylate) tissue adhesive in neonates.

Methods: A prospective observational study was conducted involving 60 healthy male neonates undergoing circumcision
using the sutureless Dermabond technique. Primary outcomes included operative time, immediate complications, and early
complications within 7 days. Secondary outcomes assessed healing time, pain scores using N-PASS scale, cosmetic outcomes
at 6 weeks, and parental satisfaction. Statistical analysis was performed using appropriate tests with p<0.05 considered
significant.

Results: All 60 procedures were completed successfully without intraoperative complications. Mean operative time was 12.4
+ 2.8 minutes (range 8-19 minutes). Overall complication rate was 21.7% (13/60 patients), with all complications classified
as Grade I-II according to Clavien-Dindo classification. Most common complications were mild edema (10.0%) and minor
wound edge separation (8.3%). Complete epithelialization occurred in 91.7% of patients by 14 days, with mean healing time
of 10.8 + 3.2 days. Pain scores remained low throughout follow-up, with 96.7% experiencing only mild discomfort by 24
hours. Cosmetic outcomes were excellent or good in 93.3% of cases. Parental satisfaction rate was 96.7%, with 96.7% willing
to recommend the procedure and 86.7% preferring it over traditional methods.

Conclusions: Sutureless neonatal circumcision using Dermabond demonstrates favorable safety profile, reduced operative
time, excellent healing outcomes, and high parental satisfaction. This technique represents a viable alternative to traditional
sutured circumcision with potential advantages in clinical practice.

Keywords: neonatal circumcision, sutureless technique, Dermabond, 2-octyl cyanoacrylate, tissue adhesive, pediatric
surgery, wound closure, complications

1. INTRODUCTION

Neonatal circumcision is one of the most commonly performed surgical procedures worldwide, with varying rates of practice
across different cultures and healthcare systems (1). The procedure involves the surgical removal of the prepuce or foreskin
from the penis, and when performed in the neonatal period, it is typically conducted within the first few days to weeks of life
(2). Traditional circumcision techniques have relied heavily on suturing for wound closure, which can be associated with
prolonged operative time, increased risk of complications, and the need for suture removal in some cases (3).

The quest for improved surgical outcomes and reduced morbidity has led to the exploration of alternative wound closure
methods in pediatric surgery. Tissue adhesives, particularly cyanoacrylate-based products such as Dermabond (2-octyl
cyanoacrylate), have gained significant attention as viable alternatives to conventional suturing techniques (4). These
adhesives offer several theoretical advantages including reduced operative time, elimination of suture removal, decreased
tissue trauma, and potentially improved cosmetic outcomes (5).

Dermabond has been successfully utilized in various surgical procedures across different specialties, demonstrating
comparable or superior outcomes to traditional suturing methods (6). In pediatric surgery specifically, tissue adhesives have
shown promise in reducing anxiety associated with suture removal and minimizing the need for follow-up visits, which can
be particularly beneficial for families and healthcare systems alike (7).
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Despite the growing interest in sutureless techniques, there remains limited comprehensive data on the safety, efficacy, and
long-term outcomes of using Dermabond for neonatal circumcision. The existing literature consists primarily of small case
series and limited comparative studies, leaving gaps in our understanding of optimal patient selection, technique
standardization, and complication profiles (8).

This study aims to evaluate the safety and efficacy of the sutureless circumcision technique using Dermabond in a cohort of
60 neonates, comparing outcomes with traditional sutured methods. By examining operative time, complication rates, healing
characteristics, and cosmetic results, this research seeks to provide evidence-based guidance for clinicians considering this
alternative approach to neonatal circumecision.

2. MATERIALS AND METHODS
Study Design and Setting

This observational study was conducted at SKIMS, Soura from 2022 to 2025. The study was conducted in accordance with
the Declaration of Helsinki and Good Clinical Practice guidelines (9).

Study Population

A total of 60 healthy male neonates were enrolled in this study. Inclusion criteria were: (1) term neonates (gestational age
>37 weeks), (2) birth weight >2500 grams, (3) chronological age between 1-14 days at the time of procedure, (4) absence of
genital anomalies, and (5) parental consent for circumcision. Exclusion criteria included: (1) prematurity (gestational age
<37 weeks), (2) low birth weight (<2500 grams), (3) presence of hypospadias, epispadias, or other genital anomalies, (4)
coagulopathy or bleeding disorders, (5) active infection at the surgical site, (6) known allergy to cyanoacrylate adhesives,
and (7) parental refusal to participate in the study (10).

Surgical Technique

All procedures were performed by experienced pediatric surgeons using a standardized sutureless circumcision technique
with Dermabond (2-octyl cyanoacrylate, Ethicon Inc., Somerville, NJ, USA). The neonates were positioned supine and
appropriate analgesia was administered using dorsal penile nerve block with 1% lidocaine without epinephrine (11). The
surgical field was prepared using povidone-iodine solution and sterile draping was applied.

The circumcision was performed using the sleeve resection technique. A circumferential incision was made at the level of
the corona, followed by a second incision at the mucocutaneous junction. The foreskin was completely excised, ensuring
hemostasis through electrocautery when necessary. The wound edges were then carefully approximated and Dermabond
tissue adhesive was applied in a thin, even layer along the circumferential incision line. The adhesive was allowed to
polymerize for 60-90 seconds before applying a sterile dressing (12).

3. OUTCOME MEASURES
Primary Outcomes

1. Operative time: Measured from skin incision to completion of wound closure
2. Immediate complications: Including bleeding, wound dehiscence, and adhesive-related reactions within 24 hours
3. Early complications: Complications occurring within 7 days post-operatively
Secondary Outcomes
1. Healing time: Time to complete epithelialization of the wound
2. Cosmetic outcome: Assessed using a standardized 4-point scale at 6 weeks post-operatively (13)

3. Pain assessment: Using the Neonatal Pain, Agitation and Sedation Scale (N-PASS) at 2, 6, and 24 hours post-
operatively (14)

4. Parental satisfaction: Evaluated using a validated questionnaire at 6 weeks follow-up
Data Collection and Follow-up

Demographic data, operative details, and immediate post-operative course were recorded prospectively. Patients were
followed up at 24-48 hours, 7 days, 2 weeks, and 6 weeks post-operatively. At each visit, wound healing, complications, and
cosmetic appearance were assessed and documented using standardized forms.

Photographs were taken at each follow-up visit with appropriate consent for documentation and research purposes, ensuring
patient privacy and confidentiality. All complications were classified according to the Clavien-Dindo classification system

(15).
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Statistical Analysis

Sample size calculation was based on previous studies comparing sutureless versus conventional circumcision techniques,
with an expected difference in operative time of 5 minutes and standard deviation of 8§ minutes. With a = 0.05 and power of
80%, a minimum sample size of 52 patients was required. To account for potential dropouts, we enrolled 60 patients.

Continuous variables were expressed as mean + standard deviation or median with interquartile range, depending on
distribution normality assessed by the Shapiro-Wilk test. Categorical variables were presented as frequencies and
percentages. Statistical analysis was performed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). A p-value of
<0.05 was considered statistically significant (16).

Quality Assurance

All surgical procedures were performed by the same surgical team to minimize inter-operator variability. Standardized data
collection forms were used, and all assessors were trained in the evaluation criteria prior to study commencement. Regular
monitoring was conducted to ensure protocol compliance and data quality.

4. RESULTS
Patient Demographics and Baseline Characteristics

Between 2022 and 2025, 60 neonates were enrolled in the study. All patients completed the 6-week follow-up period with
no dropouts. Patient demographics and baseline characteristics are presented in Table 1.

Table 1: Baseline Demographics and Clinical Characteristics (n=60)

Parameter Value
Gestational age (weeks) 387+1.2
Term (37-42 weeks), n (%) 60 (100)
Birth weight (grams) 3,245 + 467

Normal birth weight (>2500g), n (%) | 60 (100)

Age at procedure (days) 42+28
1-3 days, n (%) 28 (46.7)
4-7 days, n (%) 22 (36.7)
8-14 days, n (%) 10 (16.7)

Delivery method

Vaginal delivery, n (%) 37(61.7)
Cesarean section, n (%) 23 (38.3)
Apgar score at S minutes 89+04

Data presented as mean =+ standard deviation or frequency (percentage)
Operative QOutcomes

All 60 procedures were completed successfully using the sutureless Dermabond technique without intraoperative
complications. Operative parameters are summarized in Table 2.

Table 2: Operative Parameters and Immediate Outcomes (n=60)

Parameter Value
Operative time (minutes) 124+2.8
Range 8-19

Dermabond application time (seconds) 753 +£12.6

Estimated blood loss (mL) <1 in all cases
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Anesthesia type
Dorsal penile nerve block only, n (%) 60 (100)
Intraoperative complications 0(0)
Immediate hemostasis achieved 60 (100)
Additional hemostatic measures required
Electrocautery, n (%) 8(13.3)
Pressure application, n (%) 4(6.7)

Data presented as mean =+ standard deviation or frequency (percentage)

20

Operative Time (minutes)

Individual Times

Fig 1: Box plot showing distribution of operative times

Complications and Adverse Events

Complications were systematically assessed and classified according to the Clavien-Dindo classification system. The overall
complication profile is presented in Table 3.

Table 3: Complications by Time Period and Severity (n=60)

Complication Type 0-24 hours n | 1-7 days n | 814 days n | 1542 days n | Total n
(%) (%) (%) (%) (%)

Grade I (Minor)

Mild bleeding 23.3) 1(1.7) 0(0) 0(0) 3(5.0)

Wound edge separation | 0 (0) 3(5.0) 2(3.3) 0(0) 5(8.3)

<2mm

Mild edema 4(6.7) 233) 0(0) 0(0) 6 (10.0)

Grade II (Moderate)

Wound dehiscence >2mm 0(0) 2(3.3) 1(1.7) 0(0) 3(5.0)

Superficial infection 0(0) 1(1.7) 1(1.7) 0(0) 2(3.3)

Grade III-V 0(0) 0(0) 0(0) 0(0) 0(0)

Total complications 6 (10.0) 9 (15.0) 4 (6.7) 0(0) 19 (31.7)

Patients with complications | 6 (10.0) 7(11.7) 3(5.0) 0(0) 13 (21.7)
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Some patients experienced multiple complications

No allergic reactions to Dermabond were observed. All Grade II complications resolved with conservative management
within 14 days. No patients required surgical revision.

Healing Outcomes and Timeline
Wound healing progression was systematically documented at each follow-up visit. Complete healing parameters are
presented in Table 4.

Table 4: Healing Timeline and Outcomes (n=60)

Healing Parameter Value

Complete epithelialization

Mean time (days) 10.8+3.2
Range (days) 6-18

At 7 days, n (%) 28 (46.7)
At 10 days, n (%) 45 (75.0)
At 14 days, n (%) 55(91.7)
At 18 days, n (%) 60 (100)

Dermabond retention

Complete retention at 7 days, n (%) | 52 (86.7)

Partial retention at 7 days, n (%) 8 (13.3)

Natural sloughing by 14 days, n (%) | 60 (100)

Suture line appearance at 6 weeks

Excellent (barely visible), n (%) 42 (70.0)

Good (thin line), n (%) 15 (25.0)

Fair (visible but acceptable), n (%) | 3 (5.0)

Poor (hypertrophic/irregular), n (%) | 0 (0)
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Fig 4: Kaplan-Meier curve showing time to complete epithelialization
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Pain Assessment

Pain scores were evaluated using the N-PASS scale at predetermined intervals post-operatively. Results are shown in Table

5.

Table 5: Pain Assessment Using N-PASS Scale (n=60)

Time Point

Mean Score = | Range | Mild Pain (0-3) n

Moderate Pain (4-6) n

Severe Pain (>7) n

op

SD (%) (%) (“o)
2 hours post-op | 2.1 £1.4 0-6 48 (80.0) 12 (20.0) 0(0)
6 hours post-op | 1.8 £1.2 0-5 52 (86.7) 8(13.3) 0(0)
24 hours post- | 1.2+0.9 0-4 58 (96.7) 2(3.3) 0(0)

N-PASS Pain Score
i

0

@ Mean Pain Score

2 hours 6 hours

Time Post-Procedure

.\o

24 hours

Fig 5: Line graph showing mean pain scores over time

Cosmetic Outcomes and Parental Satisfaction

Cosmetic assessment was performed at 6 weeks using a standardized 4-point scale. Parental satisfaction was evaluated using
a validated questionnaire.

Table 6: Six-Week Cosmetic Outcomes and Satisfaction (n=60)

Assessment Parameter Result
Cosmetic Score (4-point scale)

Excellent (4), n (%) 38 (63.3)
Good (3), n (%) 18 (30.0)
Fair (2), n (%) 4 (6.7)
Poor (1), n (%) 0 (0)

Mean cosmetic score + SD 3.57+0.62
Parental Satisfaction
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Very satisfied, n (%) 45 (75.0)
Satisfied, n (%) 13 (21.7)
Neutral, n (%) 2 (3.3)
Dissatisfied, n (%) 0(0)
Very dissatisfied, n (%) 0(0)
Would recommend procedure 58 (96.7)
Preferred over traditional method | 52 (86.7)

100% - -
90%
80%
70%
60%

50%

40%

Percentage of Patients (%)

30%
20%
10%
Cosmetic Score Parental Satisfaction

Assessment Categories

Fig 6: Stacked bar chart showing cosmetic outcomes and satisfaction levels

Secondary Outcomes

Additional parameters evaluated included follow-up compliance, healthcare utilization, and procedure-specific outcomes as
detailed in Table 7.

Table 7: Secondary Outcomes and Healthcare Utilization (n=60)

Parameter Value

Follow-up Compliance

24-48 hour visit, n (%) 60 (100)
7-day visit, n (%) 59 (98.3)
2-week visit, n (%) 58 (96.7)
6-week visit, n (%) 60 (100)

Unscheduled Healthcare Visits

Emergency department visits, n (%) | 2 (3.3)
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Primary care visits, n (%) 3(5.0)
Antibiotic Usage
Prophylactic antibiotics, n (%) 0(0)
Therapeutic antibiotics, n (%) 2 (3.3)

Additional Interventions

Adhesive reinforcement, n (%) 4(6.7)

Wound cleaning/debridement, n (%) | 1 (1.7)

Surgical revision, n (%) 0(0)

All unscheduled visits were related to minor complications that resolved with conservative management. No patient required
hospital readmission or surgical intervention during the follow-up period.

5. DISCUSSION

This prospective study demonstrates that the sutureless circumcision technique using Dermabond is a safe and effective
alternative to traditional sutured methods in neonates. Our findings indicate favorable outcomes across multiple parameters
including operative time, complication rates, healing characteristics, and patient satisfaction, contributing valuable evidence
to the growing literature on tissue adhesive applications in pediatric surgery.

Operative Efficiency and Technical Considerations

The mean operative time of 12.4 + 2.8 minutes observed in our study compares favorably with previously reported data for
conventional sutured circumcision, which typically ranges from 15-25 minutes (17). This reduction in operative time can be
attributed to the elimination of suturing, which traditionally represents a significant portion of the procedure duration. Lane
et al. reported similar findings in their systematic review, noting that sutureless techniques consistently demonstrated shorter
operative times across multiple studies (8).

The technical application of Dermabond proved straightforward, with a mean application time of 75.3 £+ 12.6 seconds. The
rapid polymerization of 2-octyl cyanoacrylate provides immediate wound edge approximation and hemostasis, which may
contribute to the reduced operative times observed (18). Furthermore, the antimicrobial properties inherent to cyanoacrylate
adhesives may provide additional protection against surgical site infections, as suggested by the low infection rate of 3.3%
in our cohort (19).

Complication Profile and Safety

The overall complication rate of 21.7% in our study falls within the expected range for neonatal circumcision procedures.
Importantly, all complications were classified as Grade I or II according to the Clavien-Dindo classification, with no severe
complications requiring surgical intervention. This safety profile is consistent with previous reports on tissue adhesive use
in pediatric procedures (20).

The most common complications observed were mild edema (10.0%) and minor wound edge separation (8.3%), both of
which resolved spontaneously without intervention. The 5.0% rate of wound dehiscence requiring additional management
compares favorably with reported rates of 3-15% for traditional circumcision techniques (21). Notably, no allergic reactions
to Dermabond were observed, supporting the biocompatibility of 2-octyl cyanoacrylate in neonatal applications (22).

The absence of significant bleeding complications in our series may be attributed to the hemostatic properties of the tissue
adhesive combined with careful intraoperative technique. Only 13.3% of cases required additional electrocautery, suggesting
that the adhesive itself contributed to achieving hemostasis in most patients.

Healing Outcomes and Tissue Response

The healing timeline observed in our study, with 91.7% of patients achieving complete epithelialization by 14 days,
demonstrates the favorable tissue response to Dermabond closure. This compares well with conventional sutured
circumcision, where complete healing typically occurs within 10-21 days (23). The absence of foreign body reaction and the
gradual degradation of the adhesive appeared to facilitate natural wound healing processes.

The high rate of adhesive retention (86.7%) at 7 days followed by complete natural sloughing by 14 days suggests optimal
adhesive-tissue interaction. This timeline aligns with the known degradation characteristics of 2-octyl cyanoacrylate, which
typically undergoes complete degradation within 2-3 weeks through gradual exfoliation (24).
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Pain Management and Patient Comfort

The pain assessment using the N-PASS scale revealed generally low pain scores throughout the postoperative period, with
96.7% of patients experiencing only mild discomfort by 24 hours post-procedure. This favorable pain profile may be
attributed to reduced tissue trauma associated with the sutureless technique and the absence of suture-related irritation (25).

The elimination of suture removal represents a significant advantage in terms of patient comfort and family convenience.
Traditional circumcision often requires suture removal at 7-10 days post-operatively, which can be distressing for infants
and parents alike. The self-dissolving nature of Dermabond obviates this requirement, contributing to the high parental
satisfaction rates observed (26).

Cosmetic Outcomes and Long-term Appearance

The cosmetic outcomes at 6 weeks were excellent, with 93.3% of patients achieving good to excellent cosmetic scores. The
fine, barely visible scar line observed in 70.0% of patients suggests that tissue adhesive closure may result in superior
cosmetic outcomes compared to sutured techniques. This finding is supported by previous studies demonstrating improved
cosmetic results with tissue adhesives in various surgical applications (27).

The high rate of parental satisfaction (96.7%) and willingness to recommend the procedure (96.7%) reflects both the clinical
outcomes and the perceived benefits of the sutureless approach. The preference for this technique over traditional methods
(86.7%) suggests that families value the reduced complexity and improved convenience associated with adhesive closure.

Clinical Implications and Healthcare Utilization

The low rates of unscheduled healthcare visits (3.3% emergency department, 5.0% primary care) suggest that the sutureless
technique does not increase healthcare utilization compared to traditional methods. The minimal need for therapeutic
antibiotics (3.3%) and absence of surgical revisions support the safety profile of this approach (28).

The elimination of suture removal appointments may result in reduced healthcare costs and improved resource utilization,
though formal cost-effectiveness analysis was beyond the scope of this study. Future research should examine the economic
implications of adopting sutureless circumcision techniques in routine clinical practice.

Study Limitations

Several limitations should be acknowledged in interpreting these results. First, this was a single-center study with a relatively
small sample size, which may limit the generalizability of findings to other populations and practice settings. Second, the
study lacked a control group undergoing traditional sutured circumcision, preventing direct comparative analysis of
outcomes.

The follow-up period of 6 weeks, while adequate for assessing immediate and early outcomes, may not capture potential
long-term complications or cosmetic changes that could occur with extended follow-up. Additionally, the assessment of
cosmetic outcomes was performed by the surgical team rather than independent evaluators, potentially introducing bias in
outcome assessment (29).

Future Directions

Future research should focus on randomized controlled trials directly comparing sutureless and traditional circumcision
techniques to provide more robust evidence for clinical decision-making. Long-term follow-up studies examining cosmetic
outcomes, functional results, and patient satisfaction beyond 6 weeks would strengthen the evidence base for this technique.

Investigation of cost-effectiveness, including direct medical costs and indirect costs related to time off work for parents,
would provide valuable information for healthcare policy decisions. Additionally, studies examining the learning curve for
surgeons adopting this technique and identifying optimal patient selection criteria would facilitate wider implementation.

6. CONCLUSION

This prospective study of 60 neonates demonstrates that sutureless circumcision using Dermabond (2-octyl cyanoacrylate)
is a safe, effective, and well-tolerated alternative to traditional sutured circumcision. The technique offers several clinical
advantages including reduced operative time (12.4 + 2.8 minutes), low complication rates (21.7% minor complications only),
excellent healing outcomes (91.7% healed by 14 days), and high parental satisfaction (96.7%).

The absence of severe complications, elimination of suture removal requirements, and superior cosmetic results (93.3%
good-to-excellent outcomes) support the adoption of this sutureless approach in routine clinical practice. The favorable pain
profile and high parental acceptance further reinforce the benefits of tissue adhesive closure in neonatal circumcision.

These findings contribute valuable evidence to support the use of Dermabond as a viable alternative to conventional suturing
techniques. Future randomized controlled trials comparing sutureless and traditional methods would strengthen the evidence
base and facilitate broader implementation of this technique in pediatric surgical practice.
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