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Purpose: We wished to present the clinical applications and to evaluate the benefits of the

use of a carbon dioxide (CO2) laser versus the conventional procedure for circumcision in

adults, in terms of duration of surgery, surgical techniques, complications, pain and cosmetic

appearance.

Patients and Methods: The medical records of 482 patients who had been circumcised

were retrospectively evaluated. The patients were divided into two groups: 168 patients

(Group A) were circumcised with traditional techniques; and 314 patients (Group B) were

circumcised using a CO2 laser. All the patients were circumcised under local anesthesia. Pain

was evaluated using a verbal numerical rating scale for pain assessment. Postoperative

wound swelling, bleeding, infection and pain were assessed at 4 hours, 24 hours and 7

days after surgery.

Results: There were no significant differences between the two groups in terms of bleeding

and infections. The difference in operating times between the groups was significant

(p<0.001). Wound disruptions occurred in one patient in Group A at 3 days and two patients

in Group B at 1 week. Pain scores were low and there was less pain in Group B than in

Group A during the first 4 hours (1.8 vs 3.7; p<0.002). Compared with the conventional

method, the CO2 laser technique was associated with much less pain at both 1 day (p<0.002)

and 7 days (p<0.001) postoperatively. The cosmetic results were superior in Group B; a

linear surgical scar developed in 94.9% of patients in Group B versus 61.3% in Group A

(p<0.001).

Conclusion: Our results show that the use of a CO2 laser was associated with a shorter

operative time, less wound irritation and better cosmetic appearance compared with standard

surgical techniques for circumcision.
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Introduction
Circumcision is the oldest and the most common surgical procedure in urology.1 It

comprises the removal of the skin covering the glans, and is performed for various

reasons, such as medical, religious and traditional.2 The most common medical

indications for circumcision are phimosis, paraphimosis, recurrent balanitis and

posthitis.1,2 Many studies have observed that circumcision increases penile hygiene,

and decreases the risks of penile cancer and urinary tract infections.3 Surgically,

circumcision is an easy technique to learn and perform. Various surgical techniques

can be used to perform this procedure, with different results and complications.2,3

The laser has been validated as being effective in the treatment of common skin

diseases and aesthetic dermatology.4 Although there are various types of laser, in
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this article we will describe the fundamentals and clinical

applications of the carbon dioxide (CO2) laser, to evaluate

the benefits of its use versus the conventional procedure

for circumcision in adults, in terms of duration of the

operation, complications, pain and cosmetic appearance.

Patients and Methods
The medical records of 482 patients who had been circum-

cised were retrospectively evaluated between December

2016 and December 2019. Patients who were circumcised

while undergoing another surgical procedure in the same

session were not included in the study. The patients were

divided into two groups. In the first group (Group A), 168

patients were circumcised with the conventional dorsal slit-

sleeve method by two experienced urologists (SM and LD).

In the second group (Group B), 314 patients were circum-

cised by an experienced surgeon (PR) using a multipulse

continuous CO2 laser (MX7000®; DSE Group, Seoul,

Republic of Korea) at a continuous wave power setting of 5

W. Physical examinations were performed on all patients 1

day before the operation. All of the patients were circumcised

under local anesthesia. For local anesthesia, lidocaine and

bupivacaine were administered together, at doses appropriate

for the patient’s age, as a dorsal penile nerve block. Bleeding

was controlled with a suture or bipolar cautery in Group A,

and in Group B using the CO2 laser in a defocused mode

(Figure 1). After the entire foreskin had been removed, the

cut edges of the skin and the preputial tissue were approxi-

mated with interrupted 4/0 absorbable sutures in both groups.

Pain was evaluated using a verbal numerical rating scale

for pain assessment.5 Patient’s age, indications for surgery

and operative time were recorded. Postoperative wound

swelling, bleeding, infection (wound with pus and separa-

tion) and pain were assessed at 4 hours, 24 hours and 7 days

after surgery. After the circumcision, the wounds were

dressed, with application of an antibiotic lotion three times

a day, and the use of tablet therapy with ibuprofen 8mg/kg

two to three times a day to be taken “only as needed”. Wound

dressings were removed 24 hours after the circumcision,

either by the family members at home or by the physicians

at the hospital. Antibiotic prophylaxis was dispensed routi-

nely 60 minutes prior to incision (amoxicillin–clavulanate

875–125 mg). No postoperative antibiotics were prescribed

in any of the patients.

Statistical Analysis
The data were analyzed in a common database. Qualitative

variables were described using absolute frequencies and

Figure 1 Illustration of the surgical procedure of circumcision using a CO2 laser. (A) Phimosis. (B) The laser beam is used in focused mode to delimit the circumferential

mark incision over the penile skin just proximal to the corona. The preputial skin is resected leaving a 0.5 cm sleeve proximal to the corona. (C) Using the laser beam,

incisions are made along the marked lines, taking care to cut through the skin to the subcutaneous tissue but no deeper. (D) Between the two top artery forceps (at 11

o’clock and 1 o’clock), the dissecting laser beam is used to make a cut along the middle of the crushed foreskin up to the previously marked incision line.
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percentages. Quantitative variables were described using

the mean, standard deviation, median and quartiles. All

statistical analyses were conducted using SPSS version 23

(IBM Corp., Armonk, NY).

Results
Baseline characteristics of the patients are shown in Table 1.

There were no significant differences between the two

groups. Operative outcomes and adverse events are shown

in Table 2. There were no intraoperative complications.

There was no significant difference between the two groups

in terms of bleeding and infections. Comparison of the

patients in the two groups demonstrated a significant

decrease in terms of operative time in the laser-treated

group (12.8±0.9 vs 23.1±2.8 minutes; p<0.001). Wound

disruptions occurred in one patient in Group A at 3 days

and two patients in Group B at 1 week. Wound disruptions

were not more than 5 mm in width, and none required

surgical closure. Pain scores were low and there was less

pain in Group B than in Group A during the first 4 hours (1.8

vs 3.7 on a 10-point scale; p<0.002). The CO2 laser techni-

que was associated with much less pain at both 1 day

(p<0.002) and 7 days (p<0.001) postoperatively.

Postoperative pain scores are shown in Table 3. The cos-

metic results were superior in Group B; a linear surgical

scar developed in 94.9% of patients in Group B versus

Table 1 Distribution of Preoperative Clinical Characteristics in Patients Undergoing Circumcision

Patient Characteristics (n=482) Group A: Without Laser (n=168) Group B: With Laser (n=314) p

Age (years), median (range) 26.4 (16–82) 25.7 (15–80) NS

Indication for circumcision, n (%) NS

Phimosis 142 (84.5) 268 (85.4)

Recurrent balanitis/infections 26 (15.4) 43 (13.7)

Patient’s wish 1 (0.6) 3 (0.9)

Body mass index (kg/m2), n (%) NS

<18.5–24.9 108 (64.2) 211 (67.2)

25.0–29.9 47 (28.1) 85 (27.1)

≥30.0 13 (7.7) 18 (5.7)

Race, n (%) NS

White 166 (98.8) 310 (98.7)

Other 2 (1.2) 4 (1.3)

Comorbidity, n (%) NS

Hypertension 11 (6.5) 21 (6.7)

Heart disease 9 (5.3) 18 (5.7)

Diabetes mellitus 18 (10.7) 29 (9.2)

Other 2 (1.2) 5 (1.6)

Abbreviation: NS, not significant.

Table 2 Comparison of Outcomes for Conventional Circumcision versus CO2 Laser Circumcision

Group A: Without Laser (n=168) Group B: With Laser (n=314) p

Operative time (minutes), mean±SD 23.1±2.8 12.8±0.9 <0.001

Pronounced edema, n (%) 47 (27.9) 62 (19.7) <0.002

Bleeding, n (%) 5 (2.9) 8 (2.5) NS

Infection, n (%) 3 (1.8) 4 (1.3) NS

Wound dehiscence, n (%) 1 (0.6) 2 (0.7) NS

Buried penis, n (%) 18 (10.7) 9 (2.9) <0.002

Scarring, n (%) 7 (4.1) 1 (0.3) <0.001

Reoperation, n (%) 3 (1.8) 1 (0.3) NS

Good cosmetic results, n (%) 103 (61.3) 298 (94.9) <0.001

Abbreviation: NS, not significant.
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61.3% in Group A (p<0.001) (Figure 2). There were no

differences in healing time at 4 weeks. Three patients in

Group A required a secondary operation because of fibrosis

and scar tissue.

Discussion
The benefits of circumcision include a reduced risk of

urinary tract infections and sexually transmitted diseases;

protection against penile cancer, and cervical cancer in

female sexual partners; and prevention of balanitis, post-

hitis, phimosis and paraphimosis.6 Numerous studies since

the 1980s have noted a lower risk of HIV infection in

circumcised men, as well as lower HIV prevalence in

populations where male circumcision is common.7

Complication rates following male circumcision are very

low when it is performed by trained health-care providers.

The complication rate due to this type of surgery was

reported as nearly 5%.8 The rate of complications depends

upon multiple factors, including anatomical abnormalities,

medical comorbidities, surgical technique, sterility of the

conditions and the patient’s age, and increases when the

surgery is performed by inexperienced people.9 The most

common complication is bleeding, with an incidence that

varies from 0.1% to 3.1%.8,9 Bleeding from larger blood

vessels can be controlled easily by ligature or electrocoa-

gulation, although excessive electrocoagulation carries the

risk of electrical burns and necrosis.10

The CO2 laser was one of the earliest types of laser

systems to be found.11 It was first created in 1964 by Patel

and collaborators.12 It was quickly recognized as an ideal

surgical laser because of its high-water absorption. Its ther-

mocoagulation cauterizes small blood vessels with the sur-

rounding tissue, achieving hemostasis and therefore a dry

field. In the hands of an appropriately trained practitioner,

the CO2 laser offers a large range of dermatological indica-

tions, with great precision for techniques involving incision,

excision, vaporization and coagulation.11,13 However, few

authors have used a CO2 laser instead of a lancet. Gorgulu

et al14 showed that the use of a CO2 laser shortened the

operating time and reduced complications related to bleed-

ing, in comparison with the conventional guillotine method,

in a series of 150 patients. Xu et al10 observed similar

outcomes. They investigated the safety and efficacy of a

modified CO2 laser technique for circumcision in adult

males compared with the conventional dorsal slit-sleeve

method. Data were analyzed from a prospective rando-

mized controlled clinical study comparing two different

operative techniques. Compared with the conventional

group, there were shorter operative times, less blood loss

and lower postoperative complication rates in the laser

group.

How et al15 compared the costs associated with the

operating time between CO2 lasers and the conventional

Figure 2 (A) Postoperative wound after CO2 laser circumcision. (B) Postoperative wound at 1 month after CO2 laser circumcision.

Table 3 Details of Pain Scores in the Two Groups of Patients

Verbal Numerical

Rating Scale, Median

(Min–Max)

Group A:

Without

Laser

(n=168)

Group B:

With Laser

(n=314)

p

At 4 h 3.7 (1–7) 1.8 (1–5) <0.002

At 24 h 2.9 (1–6) 1.2 (1–5) <0.001

At 7 days 1.6 (0–4) 0.4 (0–2) <0.001
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technique. They found that the median operating time was

20 (range 16–21) minutes using the conventional techni-

que and 15 (range 13–17) minutes using a CO2 laser. In

our study, the comparison of the patients in the two groups

demonstrated a 10-minute decrease in the operative time in

the laser-treated group.

Another advantage of CO2 laser surgery is the large

decrease in postoperative pain, which increases the comfort

of the patients.16 Our study showed that patients treated with

the CO2 laser had significantly less postoperative pain than

did those who had conventional surgery, at 4 hours, 1 day and

7 days postoperatively.

Although previous studies valued sutureless circumci-

sion techniques, we believe that this type of technique

should not be used because of the increased risk of

wound breakdown following an occasional penile

erection.17–19 In this study, although the tissues around

the wound edges were exposed to the thermal effects of

the CO2 laser, there were two cases of wound separation at

1 week in Group B, but the patients had practiced sexual

masturbation at 6 days postoperatively, despite our instruc-

tion to avoid sexual intercourse for 6 weeks. However, in

our study more cases of pronounced edema were observed

among patients treated by the conventional technique

(27.9%) than among the laser group (19.7%). This obser-

vation is probably due to the excessive thermal damage to

the preputial tissues caused by the electrocautery used for

hemostasis in the conventional group. Thermal transmis-

sion to surrounding tissue by the CO2 laser is minimal,

whereas the mean depth of damage produced by electro-

surgery is much greater than that created by a CO2 laser.
13

The cosmetic appearance and wound edge regularity, as

assessed by both the medical personnel and each patient,

were better in Group B (94.9%) than in Group A (61.3%).

The residual thermal damage deposited by the CO2 laser

beam helps to ensure a dry field and swiftly induces the

wound healing and remodeling process. More extensive and

irregular necrosis is found after electrocautery, resulting in a

more severe inflammatory reaction than with the CO2 laser.-
11 The necrosis may result in an irregular wound edge and a

poor cosmetic outcome.

The retrospective nature of our study may have resulted

in unrecognized biases. This study was conducted by a

single experienced surgeon at only one institution. A selec-

tion bias existed because the surgical approach was selected

by the surgeon based on patient characteristics and accord-

ing to his experience. The relatively small sample size is a

significant limitation, as well as the lack of long-term

outcomes, and our data must be validated with future multi-

center studies.

Conclusion
Our results demonstrate that the use of a CO2 laser was

associated with a shorter operative time, less wound irrita-

tion and better cosmetic appearance compared with stan-

dard surgical techniques for circumcision. Moreover, the

CO2 laser technique was not associated with significant

postoperative pain. Surgically, circumcision is an easy tech-

nique to learn and perform. A surgical laser ideal for cutting

soft tissue must be able to vaporize the tissues and cauterize

the surgical margins at the same time, and the CO2 laser can

achieve both of these criteria. Not all laser wavelengths are

suitable to comply with both requirements. To solve this

laser controllability problem, virtual scalpel systems have

been developed. Such systems assess the fundamental pro-

cesses involved in laser–tissue interaction, analyzing gra-

phically and mathematically how deeply a laser beam cuts,

and how far coagulation and hemostasis extend into the

surgical margins, further demonstrating the importance of

laser selection for a given procedure. The system allows

surgery to be safely and precisely performed using a gra-

phics pen directly over a live video from the surgical site.

This has been shown to eliminate the hand–eye coordina-

tion problems that affect other microsurgery systems and to

make full use of the operator’s manual dexterity without the

need for extra training.20

The main obstacles to performing circumcision using a

CO2 laser are the high cost of the CO2 laser machine and the

surgical skills required to use the laser. This surgical

approach may be used for a variety of cases in an andrology

outpatient surgery setting, and may be helpful in reducing

surgical waiting lists and preventing postoperative morbid-

ity. We plan to use the present results to counsel future

patients who intend to undergo circumcision surgery.
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