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Background: Despite the wide application of lasers and ra-
diofrequency (RF) surgery in dermatology, it is difficult to
find studies showing the extent of damage dependent on cell
death. Objective: We evaluated histopathologic changes fol-
lowing /n vivo thermal damage generated by CO; laser,
1,444 nm long-pulsed neodymium:yttrium-aluminum-garnet
(LP Nd:YAG) laser and RF emitting electrosurgical unit.
Methods: Thermal damage was induced by the above instru-
ments on ventral skin of rat. Specimens were stained with
hematoxylin and eosin, along with a terminal deoxynucleotidyl
transferase-mediated deoxyuridine triphosphate nick end la-
beling (TUNEL) assay, to highlight the degree of irreversible
cellular injury. Results: The volume of vaporization was larg-
est with the CO; laser. Area of cell death area identified by
TUNEL assay, when arranged from widest to narrowest, was
1,444 nm LP Nd:YAG laser, CO; laser, and RF emitting elec-
trosurgical unit. Conclusion: This histopathologic evaluation
of the acute characterization of injury across devices may be
advantageous for attaining better treatment outcomes. (Ann
Dermatol 30(1) 41~46, 2018)
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INTRODUCTION

In dermatology, ablative laser and radiofrequency (RF) sur-
gery have been used to replace conventional surgery to re-
move warts, seborrheic keratoses, various nevi, and be-
nign tumors like hemangiomas, and neurofibromas.
Ablative lasers, the CO, laser, the 1,444 nm long-pulsed
neodymium:yttrium-aluminum-garnet (LP Nd:YAG) laser,
and RF emitting electrosurgical units induce a therapeutic
effect by heat energy. Infrared light and high-frequency al-
ternating current for laser and RF device, respectively, are
converted to heat diffused within the tissues of the oper-
ative site. This heat diffusion promotes hemostasis and sig-
nificantly reduces the bacterial population at the operative
site, thus minimizing the risk of intraoperative contami-
nation'.

However, heat diffusion through the operative site results
in pain during the procedure and functional damage, as
well as potential scarring secondary to permanent tissue
transformation. Lateral thermal injury is determined by a
number of variables such as hardness and other character-
istics of target tissue, as well as wavelength, power, irradi-
ation mode, power density, and frequency of the laser and
RF systems utilized.

To enhance therapeutic results, minimize complications
and obtain satisfactory cosmetic outcomes, it is important
to understand the characteristics of observed histopatho-
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logic changes. Although several studies mention histo-
pathologic changes following thermal injury in experi-
ments performed /in vivo and /in vitro, it is hard to find
studies showing extent of damage using cell death as an
indicator.

Terminal deoxynucleotidyl transferase-mediated deoxyur-
idine triphosphate nick end labeling (TUNEL) assay is
most widely used to detect DNA damage /n siti/. It is not
limited to the detection of apoptotic cells: it can also be
used to identify necrotic cell death associated with non-apop-
totic events such as exposure to toxic compounds and oth-
er physical insults’.

Therefore, this preliminary study aims to evaluate histo-
pathological changes following in vivo thermal damage
generated by CO; laser, 1,444 nm LP Nd:YAG laser and
RF emitting electrosurgical unit using TUNEL assay.

MATERIALS AND METHODS

Materials

Three six-week-old Sprague-Dawley rats were obtained
from Raonbio (Yongin, Korea). All animals were raised in
a quiet room maintained on a 12-h light/dark cycle and at
22°C~25°C. They were housed under conventional con-
ditions on wood chip bedding in a Scantainer (Scan-bur
BK A/S, Denmark) with two rats per cage with free access
to food pellets and water. All experiments were approved
by the Korea University College of Medicine Animal
Research Policies Committee (KUIACUC-20141117-4).

Methods

1) Thermal injury induced by laser and RF emitting
electrosurgical unit

Under anesthesia, we shaved the ventral skin of the rat,
divided this area into four regions, and induced thermal
injury using an ablative laser and RF emitting electro-
surgical unit. The ablative lasers used included the CO; la-
ser (Ultra CO; laser; UTI Co., Ltd., Gwangmyeong, Korea)
and 1,444 nm LP Nd:YAG laser (AccuSculpt; Lutronic
Corporation, Goyang, Korea). The CO; laser and 1,444
nm LP Nd:YAG laser were irradiated for 2 seconds and
parameters of 6.0 watts, continuous wave and 6.0 watts,
40 Hz, 150 mJ, each.

RF emitting electrosurgical unit (Ellman Surgitron FFPF,
Hewlett, NY, USA) induced heat damage was also in-
duced for 2 seconds by 6.0 watts (partially rectified/hemo
mode) and 31 watts (fully rectified/cut&coagulation mode,
a common clinical setting). This mode cuts and coagulates
soft tissue by continuous emission of monopolar energy.
The RF electrode with a shaft size of 1/16” (Coagula-
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tion/Fulguration F1B; Ellman, Hewlett, NY, USA) was
used. The neutral plate was placed on the dependent side
of the rat’s body.

We aimed to unify the degree of skin ablation between
the three devices. The above mentioned energy parame-
ters for each of the devices were selected because they
seemed to yield similar depth of skin ablation.

2) Tissue biopsy and staining

All thermally damaged tissues were obtained immediately
after irradiation. Incisional biopsies were obtained from
the injured sites and specimens were embedded in paraffin.
After slides were produced, they were stained with hema-
toxylin and eosin (H&E) and TUNEL assay was performed
to highlight the degree of irreversible cellular injury.

3) TUNEL assay

TUNEL assay was performed with the In Situ Cell Death
Detection Kit, Fluorescein (Roche Molecular Biochemicals,
Penzberg, Germany) using the manufacturer’s instructions.
The slides were counterstained with propidium iodide
(Vector Laboratories Inc., Burlingame, CA, USA).

4) Light microscopy

The slides stained with H&E were observed at 12.5~
200-fold magnification under a light microscope (BX50;
Olympus, Tokyo, Japan). Digital photos were taken with a
ProgRes microscope camera (Jenoptik, Jena, Germany).

5) Confocal microscopy

The slides analyzed with TUNEL assay were evaluated
with confocal microscopy. TUNEL-positive nuclei demon-
strated bright green fluorescence using the approximately
488-nm (fluorescein isothiocyanate) fluorescence filter; propi-
dium iodide-positive nuclei demonstrated red fluorescence
using the 560-nm filter. Review and photography of slides
was carried out at 10~20-fold magnification on Nikon
A1-Si confocal laser-scanning microscope (Nikon, Tokyo,
Japan).

RESULTS
H&E staining

The tissue damage caused by the CO; laser showed nar-
row and deep tissue defects including subcutaneous fat
and muscle layer damage by vaporization. Coagulation
characterized by basophilic hyalinization and loss of col-
lagen fibrillar texture was evident around the area of the
defect (Fig. 1A).

The tissue injured by 1,444 nm LP Nd:YAG laser resulted
in a hemispherical tissue defect. Compared to CO, laser,
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Fig. 1. Corresponding hematoxylin and eosin (H&E; A, C, E, x20) and terminal deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate nick-end labeling (TUNEL)-stained (B, D, F, x20) histological skin sections following treatment with the CO, laser (A,
B), 1,444 nm long-pulsed neodymium:yttrium-aluminum-garnet (C, D), and radiofrequency emitting electrosurgical unit (E, F). Note
the bright yellow/green cells in the TUNEL-stained sections highlighting the necrotic cells within the treated section.

the vaporized tissue was smaller in volume, but the coag-
ulation zone was more extensive. In addition, changes of
the subcutaneous fat layer such as deflation of adipocytes
and denaturation of cell membranes were observed (Fig.
10).

However, the RF emitting electrosurgical unit at 6.0 watts
(partially rectified mode), the same power used with the
CO; laser and 1,444 nm LP Nd:YAG laser, didn’t result in
visible changes on the rat skin. The tissue irradiated at 31

watts (fully rectified mode) on the RF device showed tra-
pezoidal defects that were wider on the epidermal side as
well as surrounding coagulation. Compared with CO; la-
ser and 1,444 nm LP Nd:YAG laser that were irradiated at
6.0 watts, tissue defects were smaller in volume. The
depth of the defects didn’t surpass the subcutaneous fat
layer (Fig. 1E).
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TUNEL assay

In the tissue irradiated by CO; laser, area of cell death sur-
rounding a vaporized area was observed in bright green
and yellow fluorescence. Sporadic cell death was also ob-
served in the surrounding tissues (Fig. 1B). Compared to
CO; laser, the RF emitting electrosurgical unit caused cell
death restricted only to the vaporized area (Fig. 1F). The
tissue irradiated by the 1,444 nm LP Nd:YAG laser
showed more extensive thermal injury surrounding the
area of the defect than that by the CO; laser and RF device
(Fig. 1D).

DISCUSSION

Several studies compare CO; laser and RF emitting elec-
trosurgical units during tissue collection and surgery.
There is conflicting evidence in studies comparing the lat-
eral thermal injury, level of coagulative necrosis, fibrin
deposition, post-operative adhesion, re-epithelialization,
post-operative pain and post-operative hemorrhage asso-
ciated with these treatment modalities"*"".

Although several pathologic techniques have been devel-
oped to evaluate non-viable cells in tissue sections, there
is no single method which is widely accepted with suffi-
cient reliability. TUNEL assay remains the most widely
used technique to quantify apoptosis with sensitivity be-
tween 60% to 90%'°. However, the most important draw-
back of this assay is that it cannot discriminate apoptotic
from necrotic cells. Hence we first attempted supravital
stain which identifies nicotinamide adenosine dinucleo-
tide phosphate (NADPH). However, this method was too
expensive and did not yield consistent result. For these

A Vaporized tissue

l Irreversible tissue damage

coagulation and denaturation)

Hyperthermia

(
l | Reversible tissue damage |

>100°C

Fig. 2. Thermal effects of ablative laser and radiofrequency irradiation.

reasons, we decided to use TUNEL assay in order to assess
non-viable cells after thermal ablation.

According to the findings of our studies using the TUNEL
assay, CO; laser resulted in more extensive and scattered
appearance of cell death area than RF emitting electro-
surgical unit. Because both devices are operator-depend-
ent and cannot be standardized, comparison of these
methods in clinical settings presents a challenge. Compared
to CO; lasers, RF emitting electrosurgical units are less ex-
pensive, do not require eye protection, and are more read-
ily available"

A 1,444 nm LP Nd:YAG laser has a high affinity to fat and
water and has thus been primarily used for laser lip-
osuction procedures'*. Now, this laser is being used to
treat various conditions such as axillary bromhidrosis''®,
skin laxity'”'®, lipoma'®, neurofibroma®, digital mucoid
cysts”', and xanthelasmata.

In our study, 1,444 nm LP Nd:YAG laser resulted in small-
er vaporized tissue volume and more extensive necrosis
and coagulation compared with CO, laser and RF device.
As a pulsed laser, the 1,444 nm LP Nd:YAG laser induces
larger accumulated energy, as in doing so it is thought to
cause broader damage. In addition, changes in the sub-
cutaneous layer were clearly observed in comparison to
the other equipment.

The therapeutic effects from above devices are not only
due to thermal effect, but also due to other factors like en-
ergy source and specific wavelength. However, in com-
parison based on the same energy intensity, the volume of
vaporization was largest with the CO, laser. Area of cell
death area identified by TUNEL assay, when arranged
from widest to narrowest, was 1,444 nm LP Nd:YAG la-
ser, CO; laser, and RF emitting electrosurgical unit.

Vaporized tissue

| Irreversible tissue damage

(coagulation and denaturation)

| Reversible tissue damage |

Hyperthermia

>100°C

A) CO; laser and radiofrequency emitting electrosurgical unit.

(B) 1,444 nm long-pulsed neodymium:yttrium-aluminum-garnet (LP Nd.YAG). 1,444 nm LP Nd:YAG laser resulted in smaller vaporized
tissue volume and more extensive necrosis and coagulation compared with CO, laser and radiofrequency device.
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Table 1. Comparison of the characteristics and advantages/disadvantages of the three treatments modalities

Characteristic CO, laser

1,444 nm LP Nd:YAG laser

Radiofrequency emitting
electrosurgical unit

Mode of action
Selectivity for the tissue

Vaporization
Non-specific tissue ablation

Need for local anesthesia +
Bleeding during treatment ++
Procedure time Short
Need for suction +
Need for eye protection +

Cost of equipment
Complication

Expensive
Hyper or hypopigmentation,
hypertrophic scar

Coagulative necrosis, denaturation

Hyper or hypopigmentation,

Thermal necrosis

Superior lipolytic effect Non-specific tissue ablation

+ +

- +
Moderate Short

- +

+ _
Expensive Less expensive

Hyper or hypopigmentation,

hypertrophic scar hypertrophic scar

LP Nd:YAG: long-pulsed neodymium:yttrium-aluminum-garnet.

TUNEL assay showed histopathologic changes resulting
from the various intensities and types of damage that oth-
erwise couldn't be detected by H&E staining. We divided
the thermal effects of ablative laser and RF irradiation to
tissue into four zones and visualized it as a diagram (Fig.
2). The four zones are composed of vaporization; irrever-
sible tissue damage that appears as cell death and necrosis
in the TUNEL assay; reversible tissue damage that appears
as denaturation with H&E staining with the absence of ne-
crosis in the TUNEL assay; and, hyperthermia.

However when 1,444 nm LP Nd:YAG laser is applied not
to normal skin but to tumors such as neurofibromas, xan-
thelasmata, angiomas, and pyogenic granulomas, thermal
energy is confined within the masses. Consequentially, co-
agulation and denaturation are predominantly observed
while vaporization is minimally observed. Therefore, the
characteristics of the treated tissue need to be considered
when applying the results of this study clinically.

In addition, the main therapeutic mechanisms of action
and strengths and weaknesses of CO; laser, 1,444 nm LP
Nd:YAG laser, and RF device were tabulated (Table 1).
When removal of a skin lesion is desired using a modality
that replaces surgical treatment, choosing a treatment
method in consideration of these points is considered to
be helpful to minimize side effects and obtain a good cos-
metic result.

There are several limitations to this research. First, in this
experiment, rat skin, which has thinner overall thickness
than human skin, was used. In particular, the stratum cor-
neum is sparser and the epidermis is thin, so sensitivity to
thermal damage is likely to be higher. Currently, there is
no experimental model that closely represents human skin
apart from the skin of other mammals; development of
other models is necessary.

Second, normal skin without pathological lesions was

used. When laser and RF devices are applied to human
skin, treatment response can vary because treated tissue
has various characteristics; for example, acanthotic lesions
such as seborrheic keratoses, high-water content tumors
like angiomas and neurofibromas, and high-lipid content
tumors like xanthelasmata. However, since efficacy and
side effects of treatment are influenced significantly by the
range of cryogenic and thermal effects to the normal tissue
surrounding the lesion, the results of this experiment
should be considered for application to practice.

Third, it was difficult to distinguish between apoptotic and
necrotic cells using the TUNEL assay. Hereafter, we will
consider other feasible stains or serial biopsies on same
condition to characterize apoptosis and necrosis.

Fourth, statistical comparison across conditions presented
a challenge, as research was not conducted utilizing large
sample sizes within each setting.

In conclusion, use of the TUNEL assay made it possible to
observe tissue damage at the cellular level that was pre-
viously unidentifiable with conventional H&E staining.
Thermal damage was variable depending on the device
and energy used. Histopathologic analysis of acute cel-
lular damage induced by various devices can be im-
plemented in clinical practice. It could assist in predicting
the reaction of human tissues to the planned treatment
modality (laser, and RF emitting electrosurgical unit), lead-
ing to an optimal treatment outcome. In the future, further
studies of cell death with more variable conditions and
samples are a requisite.
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