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ARTICLE INFO ABSTRACT

Keywords: Electrosurgical electrodes are the main dissecting devices widely used for surgeries throughout
Electrosurgery the world. The present study aimed to evaluate the thermal injury and safety within animals’
Electrosurgical electrodes organs following a minimally invasive electrosurgery technique with electrosurgical electrode
Safety AE40-300 (LIPO) and AE20-80 (LIFT). To ensure the effective application of electrosurgery in a

Thermal tissue effect .. . s . . . . . .
clinical environment, it is crucial to minimize heat-induced injury to nearby tissues. In this study,

the skin, liver, kidney, and femoral muscle dissected from 9 minipigs were used in tissue thermal
spread experiments. Thermal imaging area analysis, maximum temperature, and time to reach
basal temperature were evaluated. Thermography results revealed that the surgical temperature
was significantly lower in the minimally invasive electrosurgery with AE40-300 (LIPO) and AE20-
80 (LIFT) compared to the predicate device. In addition, AE40-300 (LIPO) and AE20-80 (LIFT)
created a relatively small thermal injury area and thermal diffusion. Our results indicated that the
tested devices named AE40-300 (LIPO) and AE20-80 (LIFT) reduced excessive thermal injury and
could be applied to clinical use safely.

1. Introduction

Electrosurgery is a medical technique that utilizes high-frequency electrical current to cut, coagulate, or remove tissue during
surgical procedures. In the operating theater, it is a widely used method across various medical specialties due to its precision and
effectiveness in controlling bleeding, dissecting tissue, and achieving surgical objectives by vaporization, desiccation, coagulation and
fulguration.
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The earliest example of using heat for treatment dates back as far as prehistoric times, describing a therapeutic tool named
“cautery”. It was heated and applied to the tissue to treat tumors. The application of conductive heat to tissues gained recognition in
medicine as early as around the third century BC [1-5]. In the late 19th, Tesla’s work in alternating current (AC) laid the foundation for
understanding electrical properties that would later contribute to electrosurgery. In 1881, Morton discovered that alternating current
with a frequency of 100 KHz could traverse through the human body without inducing neuro-muscular stimulation or causing electric
shock [2,4,5]. In 1891, French physicist Alex d’Arsonval demonstrated that radio-frequency currents could heat living tissue without
muscle or nerve stimulation, and he did note that the current directly influenced body temperature, oxygen absorption, and carbon
dioxide elimination, increasing each as the current passed through the body [6]. Of note, the temperature was determined to increase
proportionally to the square of the current density. In the early 20th century, Harvard biophysicist William Bovie produced a
commercially available electrosurgical unit (ESU) that utilized high-frequency alternating current to cut and coagulate tissues
effectively. Dr. Harvey Cushing popularized the utilization of Bovie’s ESU (Electrosurgical Unit) through his performance of surgical
procedures previously deemed unfeasible when he used it to remove an enlarging, vascular myeloma from the head of a 64-year-old
patient [1,2,7-9].

While it is a commonly used technique in various surgical specialties due to its efficiency and precision, unintended thermal tissue
effects were the most common complication associated with electrosurgery [5,10-12]. Uncontrolled or prolonged exposure to the
electrical current can cause thermal burns to the tissue, both at the surgical site and surrounding areas. And overheating or improper
use of electrosurgical devices can lead to unintended damage to surrounding healthy tissues, affecting their function or causing
complications [11,13]. In addition, excessive thermal effects can hinder the normal healing process of tissues, leading to delayed
wound healing or other healing complications [14-16].

Electrosurgical electrodes play a crucial role in the safety and efficacy of surgical procedures. First, the type of electrode and its
surface area in contact with tissue influence how electrical energy is dispersed [2,17]. Different electrode designs are used for specific
purposes such as precise cutting, coagulation, or fulguration. Proper selection of electrodes ensures the desired tissue effect, mini-
mizing collateral damage to surrounding tissues [18-20]. Second, electrodes must efficiently dissipate heat to prevent excessive tissue
damage. Improved electrode designs incorporate features to manage heat, reducing the risk of thermal injury to adjacent tissues. Third,
electrodes can be made from various materials and may have specialized coatings to enhance their performance. Insulation materials
prevent unintended energy dispersion and protect adjacent tissues from damage. Coatings can enhance conductivity and minimize
tissue adhesion, reducing the risk of tissue sticking to the electrode [21-25]. Moreover, the size and shape of electrodes influence their
precision and effectiveness. Smaller electrodes offer finer control for delicate procedures, while larger ones are suitable for broader
tissue coverage. Proper sizing and shaping of electrodes contribute to the safety and efficacy of the surgical technique. Changes in the
contact area of the active electrode can affect the current density, which will have a remarkable impact on safety and effectiveness
[26-28].

A decrease in the size of the electrode is known to result in a higher current concentration, which means that if the contact area of
the active electrode is reduced by a factor of 10, the current density would increase by a factor of 100 without any alteration in the
power setting [2,4,29]. Hence, the size of the electrodes used during electro-surgical strongly effects the safety and effectiveness of the
electro-surgical devices.

In this study, we aim to evaluate the safety, specifically the thermal tissue effects, of two examined electrosurgical electrodes: AE40-
300 (LIPO) with the largest diameter electrode, and AE20-80 (LIFT) which is smallest diameter model.

We prepared three different electrosurgical electrodes, including two subject devices (AE40-300 (LIPO), AE20-80 (LIFT)), and one
predicate device (Injectable RF Electrode K173582 (V-10-10-18-B-G2)). These electrodes vary in diameter and contact area resulting in
different current density profiles.

The experiments involved the use of dissected skin, liver, kidney, and femoral muscle tissues from a total of nine mini pigs to
conduct thermal tissue spread experiments. The safety and thermal effectiveness of each device were evaluated using several pa-
rameters, including thermal imaging area analysis, the maximum temperature reached, and the duration required to return to the basal
temperature, which were assessed and analyzed in this study.

2. Materials and methods
2.1. Materials

The electrosurgical device (CWM-910T) and electrosurgical system electrodes (AE40-300(LIPO) and AE-20-80(LIFT)) were pro-
vided by Chungwoo Co., Ltd. (Seoul, Republic of Korea). Both electrodes were reusable electrosurgical electrodes.

Our study used the predicate device named CARVATI Temperature Controlled Radiofrequency (RF) System (Injectable RF Elec-
trode K173582) (Mode: V-10-10-18-B-G2) which were provided by Chungwoo Co., Ltd. (Seoul, Republic of Korea).
2.2. Ethics statement

The Nonclinical Research Institute, CORESTEMCHEMON Inc. received approval from the AAALAC International for full accredi-

tation in 2010. The present study was approved by the Institutional Animal Care and Use Committee (IACUC) of Nonclinical Research
Institute, CORESTEMCHEMON Inc. (Serial No.: 2022-0688).
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2.3. Animal preparation

Nine female-Designated Pathogen Free (DPF) Yucatan mini pigs (Medipig white hairless Yucatan) were purchased from Optipharm
Co., Ltd. (Chungcheongbuk-do, Republic of Korea). The mini pig was selected since this species has been widely used in studies similar
to this study and a large database exists for this species, so these data can be utilized in the interpretation and evaluation of the results
of the study.

The animals were quarantined and acclimated for 6-13 days under the laboratory conditions. The animals were housed individ-
ually in stainless steel cages (W 108 x L 140 x H 120 cm) during the whole housing period. The animal breeding room was maintained
at a temperature of 22 + 3 °C and a relative humidity of 55 + 15 %, ventilation of 10-20 air changes per hour, and a 12-hr light/12-hr
dark cycle (from 08:00 to 20:00), 150-300 Lux of luminous intensity. The temperature and humidity of the animal room were
measured every hour with a computer-based automatic sensor, and the environmental conditions such as ventilation frequency and
luminous intensity were monitored regularly.

Each of the animals was provided 400 g of swine diet daily manufactured by Cargill Agri Purina, Inc (Gyeonggi-do, Republic of
Korea). Disinfected water by ultraviolet sterilizer and ultrafiltration is given via an automatic water supplier, ad libitum. Examination
of water was performed by an authorized Gyeonggi-do Institute of Health & Environment (Gyeonggi-do, Republic of Korea), and the
quality satisfied the standards for the drinking water.

Animals were identified by tattoos on the auricle during the quarantine, acclimation and experimental period. Cages were iden-
tified by color-coded ID cards labelling the animal ID, and cage racks were given unique serial numbers. A study identification sheet
was attached to the entrance of the animal room to identify the study. In addition, all animals were checked at least once a day for
mortality and clinical signs. The body weight was measured at receipt and necropsy.

2.4. Necropsy and tissue collection

The mini pigs were euthanized at the facility following the standard operating guidelines outlined by the Korea Ministry of Food
and Drug Safety (IACUC). The euthanasia process involved administering a mixed solution (1:1, v/v) of Zoletil (50 mg/mL) and
Rompun, injected at a dose of 1 mL per 10 kg into the post-cervical muscle of the pig. Following anesthesia, the pig was humanely
sacrificed by exsanguination from the axillary artery and vein. After confirming the absence of external abnormalities, tissues were
carefully dissected from the carcass using non-thermal methods. The skin, liver, kidney, and femoral muscle tissues were isolated and
trimmed to remove excess surrounding tissues.

Specifically, the skin was dissected, and the subcutaneous fat was removed. Immediately afterward, the tissues were placed in cold
PBS and refrigerated to maintain their integrity for subsequent experiments.

All of the specimens were handled carefully to avoid drying out, becoming excessively hydrated, overheated, or frozen.

Detailed records of the necropsy results and photographic documentation were maintained and undertaken to document the
necropsy procedure and findings.

2.5. Subject device treatment and thermal imaging analysis

The experiment began by retrieving stored tissues from the refrigerator and preparing them into appropriately sized pieces for the
experiment. Subsequently, the subject device electrode, featuring two output modes (Retraction (Continuous) and eMulsify (Pulse)),
intended for use with the electrosurgical device (CWM-910T), was prepared.

The tissue was then placed in a tray adjusted to the basal temperature, approximately 20 °C. Throughout the experiment, the tray
was moistened with Phosphate-buffered saline (PBS) to prevent tissue dehydration [30].

Once the prepared tissue reached the basal temperature, a probe was inserted to a specific depth. Upon activating the thermal
imaging camera in recording mode, electrical stimulation was applied at a predefined output (5W, 25W, or 50W). Stimulation ceased
upon reaching the set temperature (35 °C, 53 °C, or 70 °C).

After stimulation, the recording with the thermal imaging camera terminated once the tissue returned to the basal temperature.
Subsequently, the tissues utilized in the experiment were preserved in a 10 % neutral buffered formalin solution.

2.6. Predicate device treatment and thermal imaging analysis

All of the preserved tissues were prepared in the same conditions as the tissues used in the subject device’s experiment.

The predicate device electrode in output modes (TERMI Tight) to be used in the electrosurgical device (ARVATI) was prepared and
connected to the main device (ARVATI Temperature Controlled Radiofrequency (RF) System, ThermiGen, L.L.C., USA).

When the prepared tissue reached the basal temperature, the probe was inserted to a certain depth. After operating the thermal
imaging camera in the recording mode, electrical stimulation was applied to a certain output (50W). The stimulation was stopped
when the set temperature (35 °C, 53 °C, or 70 °C) was reached. After the stimulation, the thermal imaging camera recording was
stopped when the tissue returned to the basal temperature. Finally, the tissues used in the experiment were stored in the 10 % neutral
buffered formalin solution.
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2.7. Histopathological analysis

The fixed tissues underwent histopathological analysis conducted by an external agency (Estend Bio, Republic of Korea). A paraffin
block was prepared using a fully automatic tissue processor after trimming in the direction of a cutting line, which included the
position where the device was inserted.

The thermal injury-induced necrosis around the wound area penetrated by the probe was monitored by histopathological quan-
titative analysis. Post-trimming, tissue slides were stained using hematoxylin and eosin (H&E), following which the region of interest
(ROI) was observed and scrutinized using optical microscopy (BX61, Olympus, Japan). Image Pro software (Media Cybernetics, USA)
was utilized as a quantitative analysis tool.

2.8. Statistical analysis

The data were statistically analyzed using the commercial program SPSS Statistics 12.0K for Medical Science. Data were analyzed
by student’s t-test comparison procedures for the comparison between the maximum output SOW results of the subject devices (AE40-
300(LIPO) and AE-20-80(LIFT)) and the predicate device (INJECTABLE RF ELECTRODE(V-10-10-18-B-G2)). Welch’s t-test was per-
formed in case of non-equal variance. Differences with p-values below 0.05 were considered statistically significant.
3. Results

3.1. Animal observation

No abnormal signs were observed during the period of animal experiment.
The weight of the animals remained consistent throughout the entire experiment. At the received date, the mini pigs had an average
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Fig. 1. Thermal imaging areas for each mode of skin (A-B), liver (C-D), kidney (E-F), femoral muscle (G-H) tissue. Data were represented by mean +
S.E. The results were statistically analyzed by Student’s t-test. Statistically difference between LIPO and Positive con. was presented as ++ with P < 0.01.
Statistically difference between LIFT and Positive con. was presented as * (P < 0.05), ** (P < 0.01). Underline: Not equal variance (Welch’s t-test). Ret.:
Retraction (continuous) mode; eMu: eMulsify (pulse) mode. Subject devices: AE40-300 (LIPO) and AE20-80 (LIFT). Predicate device: Injectable RF Electrode
(V-10-10-18-B-G2) (Positive con. (PC.)).
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body weight of 19.15 + 0.63 kg, and their average body weight was not significantly changed on the necropsy day (after housing 9-13
days) which was measured as 19.21 + 0.53 kg.

3.2. Thermography area analysis

The thermal image area was corrected by calculating a correction factor in consideration of the size of each device. Initially, the
correction factor was determined by using a thermal image camera to measure the heating area of each device. Consequently, the
values obtained were 0.399 c¢m? for AE40-300 (LIPO), 0.203 cm? for AE20-80 (LIFT), and 0.112 cm? for the predicate device,
respectively. The measured values were calculated by dividing each area by its corresponding correction factor of the device.

In all operational modes of the subject devices, the thermal imaging areas of the skin tended to reduce at 35 °C compared to the
predicate device. Notably, the subject device AE40-300 (LIPO) demonstrated a significant decrease at 53 °C compared to the predicate
device (Fig. 1A-B).

Regarding the liver thermal imaging areas, in the retraction (continuous) mode of all subject devices, there was a tendency for the
area to decrease at 53 °C in comparison to the predicate device. However, in the eMulsify (pulse) mode, the subject device AE40-300
(LIPO) showed a reduction in the area at 53 °C compared to the predicate device, while the AE20-80 (LIFT) exhibited a decrease at
35 °C compared to the predicate device (Fig. 1C-D).

In the case of kidney thermal imaging areas across all operational modes of the subject devices, there was a trend toward decreased
area at 70 °C compared to the predicate device (Fig. 1E-F). Particularly in the eMulsify (pulse) mode, the AE20-80 (LIFT) device
demonstrated a significant reduction in the area at 70 °C compared to the predicate device (P < 0.05) (Fig. 1F).

Regarding the femoral muscle thermal imaging areas, the subject device AE40-300 (LIPO) indicated a tendency to decrease in the
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Fig. 2. The maximum temperatures for each mode of skin (A-B), live (C-D), kidney (E-F), femoral muscle (G-H) tissues.

Data were represented by mean =+ S.E. The results were statistically analyzed by Student’s t-test. Statistically difference between LIPO and Positive
con. was presented as + with P < 0.05, and ++ with P < 0.01. Statistically difference between LIFT and Positive con. was presented as * (P < 0.05),
** (P < 0.01). Underline: Not equal variance (Welch’s t-test). Ret.: Retraction (continuous) mode; eMu: eMulsify (pulse) mode. Subject devices:
AE40-300 (LIPO) and AE20-80 (LIFT). Predicate device: Injectable RF Electrode (V-10-10-18-B-G2) (Positive con. (PC.)).
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area at 70 °C compared to the predicate device in all operational modes (Fig. 1G-H). Specifically, in the eMulsify (pulse) mode, the
AE40-300 (LIPO) showed a significant reduction in the area at 70 °C compared to the predicate device (P < 0.01). Moreover, in the
retraction (continuous) mode, the subject device AE20-80 (LIFT) also demonstrated a trend toward decreased area at 53 °C compared
to the predicate device. Additionally, in the eMulsify (pulse) mode, the AE20-80 (LIFT) exhibited a significant decrease in the area at
70 °C compared to the predicate device (P < 0.01) (Fig. 1H).

Notably, in all the tissues and the operational modes of subject devices, the LIFT device tends to reduce the thermal area compared
to the LIPO device.

3.3. The maximum temperature

Across the skin, liver, and kidney tissues, all subject devices exhibited a tendency to reduce the maximum temperature at all
specified temperature settings (35 °C, 53 °C, or 70 °C) in comparison to the predicate device. Especially within the skin tissue, the
outcomes from all subject devices displayed a remarkable decrease in temperature at 35 °C (Fig. 2A-B). Concerning the liver tissue, all
subject devices demonstrated a significant decrease in temperature across all designated settings (Fig. 2C-D). In kidney tissue, the
AE40-300 (LIPO) device indicated a significant decrease in temperature at both 53 °C and 70 °C. Similarly, the subject device AE20-80
(LIFT) exhibited a significant temperature reduction at all set temperatures compared to the predicate device (P < 0.05 or P < 0.01)
(Fig. 2E-F).

Regarding the femoral muscle tissue, all subject devices displayed a significant decrease in temperature at 53 °C compared to the
predicate device (P < 0.01). Furthermore, the AE40-300 (LIPO) device showcased a significant temperature reduction at 35 °C
compared to the predicate device (P < 0.05) (Fig. 2G-H).
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Fig. 3. Times reaching the basal temperature for each mode in skin (A-B), liver (C-D), Kidney (E-F), and femoral muscle (G-H) tissues. Data were
represented by mean + S.E. The results were statistically analyzed by Student’s t-test. Statistically difference between LIFT and Positive con. was presented as
* (P < 0.05). Ret.: Retraction (continuous) mode; eMu: eMulsify (pulse) mode. Subject devices: AE40-300 (LIPO) and AE20-80 (LIFT). Predicate device:
Injectable RF Electrode (V-10-10-18-B-G2) (Positive con. (PC.)).
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Fig. 5. Thermal injury-induced necrosis areas for each mode in skin (A-B), liver (C-D), Kidney (E-F), and femoral muscle (G-H) tissues. Data were
represented by mean + S.E. The results were statistically analyzed by Student’s t-test. Statistically difference between LIPO and Positive con. was presented as
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device: Injectable RF Electrode (V-10-10-18-B-G2) (Positive con. (PC.)).



X.R. Zhang et al. Heliyon 10 (2024) 35266

3.4. The duration required to return to the basal temperature

Based on the results of all tissues, the subject device AE40-300 (LIPO) exhibited no significant alteration in the time taken to return
to the basal temperature compared to the predicate device (Fig. 3A-F, H). However, in the femoral muscle tissue, the results obtained
from the retraction (continuous) mode of the subject device AE20-80 (LIFT) demonstrated a noteworthy decrease in the reduction time
compared to the predicate device at 70 °C conditions (P < 0.05) (Fig. 3G).

3.5. Histopathological analysis

The histopathological analysis of the skin tissue revealed that the subject device AE40-300 (LIPO) displayed a noteworthy rise in
thermal injury-induced necrosis area at 53 °C in eMulsify (pulse) mode and at 70 °C in retraction (continuous) mode compared to the
predicate device, respectively (P < 0.05 or P < 0.01). It is worth noting that, across all modes, the subject device AE20-80 (LIFT)
indicated a consistent tendency to decrease by more than 16 % in the area at 53 °C and 70 °C in comparison to the subject device AE40-
300 (LIPO) (Figs. 4A and 5A-B).

In the liver tissue, the thermal injury-induced necrosis area under eMulsify (pulse) mode of the subject device AE20-80 (LIFT) was
much bigger at 70 °C compared to the predicate device (P < 0.05) (Figs. 4B and 5C-D).

For kidney tissue, across all modes of subject devices AE40-300 (LIPO), there was a notable increase in the thermal injury-induced
necrosis area at 70 °C compared to the predicate device (P < 0.05 or P < 0.01) (Figs. 4C and 5E-F).

In the femoral muscle tissue, the outcome from the retraction (continuous) mode of the subject device AE40-300 (LIPO) displayed a
significant increase in the area at 53 °C compared to the predicate device (P < 0.05). Furthermore, the results from the eMulsify (pulse)
mode of subject devices AE40-300 (LIPO) showed a significant increase in the area at 70 °C compared to the predicate device (P <
0.05) (Figs. 4D and Fig. 5G-H).

4. Discussion

Thermal tissue injury is a significant issue when performing electrosurgery in the operating room. As a result, there has been a
significant emphasis among researchers on minimizing thermal tissue injury during electrosurgery [31-33].

To effectively avoid thermal injury when using an electrosurgical device, maintaining proper electrode size is necessary because
using the smallest electrode size appropriate for the procedure to concentrate energy more effectively and minimize the area affected
by heat. Additionally, managing the contact time of the electrode with tissue is another method to reduce injury as prolonged contact
in one area can cause excessive buildup of thermal energy and lead to tissue damage. Moreover, the development of novel materials or
coatings can indeed contribute to reducing thermal injury during electrosurgery. Materials with reduced adherence properties can
prevent tissue from sticking to the electrosurgical instruments or electrodes [34,35].

Better insulation properties of materials can reduce the transmission of excessive heat to surrounding tissues and some coatings can
dissipate heat more effectively, minimizing heat accumulation at the surgical site. For instance, in 1988, thermo-insulated plastic was
developed and applied to the electrosurgery jaws, housing the metal conductor deep within the plastic. This innovation significantly
decreased the extent of thermal injury. Surface treatment emerges as a viable method to alleviate thermal concentration and prevent
overheating injuries [36].

In this study, both subject devices exhibited a tendency to decrease the thermal imaging area across all operation modes, signifying
a potential for reduced thermal spread compared to the predicate device. Noteworthy, significant decline trends have been observed, in
eMulsify mode, especially in the kidneys, and the hip muscle tissue at higher temperatures (70 °C). As for temperature, the subject
devices consistently demonstrated lower maximum temperatures at various set temperatures (35 °C, 53 °C, or 70 °C) compared to the
predicate device in different tissues. Specifically, the femoral muscle tissue revealed significant temperature reductions at 53 °C and
tendencies to decrease at 70 °C with the subject devices. And all electrodes present similar performance in returning tissues to their
baseline temperature after the procedures. Histopathological analyses indicated varying trends in thermal injury-induced necrosis
areas across tissues. While both subject devices showcased tendencies to increase necrosis areas in kidney and femoral muscle tissues at
higher temperatures (53 °C or 70 °C), the skin tissue analysis showed a tendency to decrease the area with the AE20-80 (LIFT) device.
Additionally, the retraction (continuous) mode of the AE40-300 (LIPO) device displayed lower necrosis areas at specific temperatures
compared to other tissues.

The study’s findings collectively suggest that the subject devices generally exhibited reduced thermal impact on tissues. This is
evidenced by decreased thermal imaging areas, lower maximum temperatures, and varied trends in thermal injury-induced necrosis
areas across different tissues compared to the predicate device. The observed reductions in thermal spread and maximum temperatures
with the subject devices imply a potential for minimized tissue damage and improved safety during electrosurgical procedures,
particularly in sensitive tissues like the kidney and femoral muscles.

The present study investigated the thermal effects on different isolated tissues with no of both blood circulation, and body tem-
perature, representing a specific limitation of our research. Tissue vasculature, implants, and pathological states of the body can
considerably impact temperature distributions and heat transfer during surgery due to the thermal microeffect they create [37-39]. A
thorough evaluation of these aspects is crucial to ensure accurate heat administration, avoiding thermal harm, and producing the ideal
potential surgical results. Therefore, further investigations must be carried out to assess the influence of tissue temperature and blood
flow on live animal surgical procedures.

Although the present study provides useful insights into the thermal impacts of the devices, future research might be improved by
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expanding the scope to include live animals and increasing the number of animals tested. Future research could delve deeper into
specific modes of operation or examine long-term effects to better understand the devices’ thermal impact comprehensively.

Including more factors or considering varied tissue types would enhance the overall knowledge of the thermal effects of the devices
in different situations. Furthermore, ongoing research and validation in diverse clinical situations are crucial to guarantee the secure
and efficient use of these devices in medical practice. These activities would increase our understanding and provide opportunities to
improve and perfect the design and use of the devices, eventually improving patient outcomes and expanding the area of medical
technology.

5. Conclusion

Overall, the subject device showed a tendency to decrease in maximum temperature at all set temperatures compared to the
predicate device in the safety assessment of the subject device using mini pig tissues, indicating promising aspects of reducing the
thermal impact associated with the subject devices, suggesting their potential for safer and more controlled electrosurgical procedures.
However, continued research and validation in varied clinical scenarios are vital to fully comprehend their implications and ensure
their safe and effective use in medical practice.
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