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Comparison between contact diode
laser with 980 nm and 1470 nm
wavelengths for posterior
laryngofissure in pigs
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To compare two different wavelengths of the surgical contact diode laser (CDL) for producing a
posterior laryngofissure in in-vivo pigs. Anesthetized pigs underwent a tracheostomy and an anterior
laryngofissure through a cervicotomy. They were randomly selected for the CDL wavelength and
Power, according to the peak of Power set at device (980nm wavelength: Ppeak power of 10 W, 15
W, and 20 W, or 1470 nm wavelength: Ppeak 3W, 5W, 7 W, 10 W). At the end of the experiment, the
laryngotracheal specimen was extracted and sent for histology and morphometry measurements
(incision size, depth, area, and lateral thermal damage). Hemodynamic data and arterial blood gases
were recorded during the incisions.Statistical analysis of the comparisons between the parameters
and groups had a level of significance of p < 0.05. Twenty-six pigs were divided into CDL 980 nm (n
=11) and 1470 nm (n = 15). There was a greater incision area at the thyroid level in the 980 nm CDL
and a wider incision at the trachea level, with a larger distance between mucosa borders. There were
no significant differences in the area of lateral thermal damage between the two groups and neither
difference among the power levels tested. Both wavelengths tested showed similar results in the
various combinations of power levels without significant differences in the lateral thermal damage.
The posterior laryngofissure incision can be performed by either of the wavelengths at low and
medium power levels without great difference on lateral thermal damage.

The leading cause of laryngotracheal stenosis (LTS) is orotracheal intubation and tracheostomy'2 The associa-
tion of laryngeal and tracheal stenosis often requires multiple laborious and technically demanding procedures
to achieve a successful outcome. The approach includes an enlargement of the airway diameter through a surgi-
cal laryngeal split with costal cartilage graft interposition®. Depending on the complexity of the stenosis, the
procedure often requires a tracheostomy, placement of a solid silicone stent for 4-6 weeks when it is removed
and substituted for a T-tube that remains in place for a longer period to ensure an adequate airway diameter”.

The complexity of the laryngotracheal reconstruction combined with the need for long-term stenting harms
the patient’s quality of life, with voice and swallowing dysfunction after surgery. Both are related to the extent of
surgical trauma followed by local swelling and inflammation that can lead to local scarring.

As an attempt to reduce local surgical trauma, a minimally invasive approach has been proposed using an
endoscopic technique and a photonic energy source such as the surgical contact diode laser (CDL)**. It has
been demonstrated experimentally that the open posterior laryngeal split procedure (laryngofissure) can be
performed safely and effectively using a 980 nm CDL in pulsed mode with minimal lateral thermal damage to
the surrounding tissues if compared to electrocautery, with greater thermal injury®’. Reducing the local tissue
trauma can also enhance the healing process, enabling a better and faster functional recovery. Another advantage
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of the CDL that can reduce the surgical trauma is that the photonic energy is carried by a flexible fiberoptic fiber
that allows its endoscopic use in angled surfaces via suspension laryngoscopy, in a minimally invasive approach.

The recent availability and application of the 1470 nm CDL in laryngeal surgery showed its superior tissue
penetration without damaging the surrounding tissues®~'°, therefore suggesting its potential superiority over the
980 nm CDL for upper airway interventions.

This preclinical study compared the 1470 nm CDL versus 980 nm CDL for producing a posterior laryngofis-
sure in in-vivo pigs. The comparison was based on pathological assessment from slices of the airway short time
after the experiments and to discover differences between the two wavelengths on measures of the incision and
the lateral thermal damage area.

Materials and methods

The study was approved by the Ethics Committee for Animal Experiments (CEUA 153/14). According to the
Brazilian Legislation and the Brazilian College of Animal Experimentation, the animals were treated following the
Guide for the Care and Use of Laboratory Animals (Institute of Animal Laboratory Resources—National Academy
of Sciences, Washington-USA 1996). The experiments were conducted at the Thoracic Surgery Research Labora-
tory (LIM 61, InCor-HCFMUSP). Landrace pigs weighing between 15 and 20 kg obtained from the same farm
(Giannichi Farm, Sao Paulo- Brazil) were used in all experiments. The animals were sedated with intramuscular
injection of 5 mg/kg ketamine (Cetamina, Cristalia, Sao Paulo-Brazil) and 0.5 mg/kg midazolam (Midazolam
Teuto Brasileiro, Goias-Brazil), and placed in the supine position in the operating table. An intravenous line
was established through dissection of the right internal jugular vein. The intravenous anesthesia started with
the injection of a 20 mL bolus of 10 mg/mL propofol (Baxter Pharmaceuticals, India), followed by orotracheal
intubation (#6.5 French; Portex, Smiths Medical, Sao Paulo-Brazil), and anesthesia was maintained by a continu-
ous flow (200 mL/min) of inhaled isoflurane (Isoflurano 1 mL/mL, Cristalia, Sao Paulo-Brazil). With the animal
in supine position, volume-controlled ventilation started (Mini Ventilador 600, K. Takaoka, Sao Paulo-Brazil;
FiO2 1.0, respiratory rate of 20 breaths/minute, tidal volume 10 mL/kg). A right carotid artery was dissected
in the neck, and a catheter was inserted and connected to a blood pressure monitor device (Monitor Dixtal,
Dx2020, Séo Paulo-Brazil) for the measurements of mean arterial blood pressure, heart rate, and arterial blood
sampling for gas analysis.

A midline neck incision obtained access to the larynx and cervical trachea, and a longitudinal tracheostomy
was performed at the level of the 4th tracheal ring. The orotracheal tube was withdrawn, inserted into the tra-
cheostomy, sutured in place, and ventilation resumed with the same parameters. Following the exposure of the
larynx by lateral retraction of the strap muscles, an anterior vertical laryngeal split was performed using a #11
scalpel blade (Embramed, Sao Paulo-Brazil), and the animal was randomized to a specific CDL wavelength and
power. The distal extremity of the flexible fiber stays in contact with the tissue surface that is aimed to receive the
photothermal energy. The posterior laryngofissure consisted of a longitudinal midline incision in the lumen of
the posterior wall extending from the glottis and caudally towards the proximal trachea, stopping 1 cm above the
tracheostomy. The laryngofissures were performed manually using the CDL (Medilaser Dual 980/1470, DMC,
Sao Carlos, SP-Brazil) by the same investigator (IFSR) not blinded for wavelength and potency.

The use of the CDL in pulsed mode was based on its better control of the lateral thermal damage as opposed
to the continuous mode (CW)!'"13, In the pulsed mode, the power experienced by the tissue is the mean power,
given by the formula P,.,, = Py (W) X pulse width (s) x repetition rate (Hz), where P, power is the adjusted
laser power at the device. The pulsed mode of the laser setup was 1 kHz repetition rate and 500 microseconds
pulse width. Thus, the CW power is reduced by the duty cycle factor, given by the pulse width x repetition rate,
allowing the tissue to dissipate the absorptive heat generated by the photo-thermal laser-tissue interaction.

The CDL device had dual wavelengths (980 nm and 1470 nm) delivered both individually and simultane-
ously through the same optical fiber. For the 980 nm wavelength CDL, the P, power alternated between 10W,
15W, 20W (corresponding to the P,,.,, of 5W, 7.5W, and 10W, respectively). For the 1470 nm wavelength CDL,
the P, power alternated between 3W, 5W, 7W, 10W (corresponding to the P, of 1.5 W, 2.5W, 3.5W, 5W,
respectively). P ... represents the actual power experienced by exposed tissues in the pulsed mode. The laser
energy carrier was a biocompatible 400 um core silica optical fiber (FO 400 Model B, DMC Laser, Sao Carlos,
SP-Brazil). During the laser activation, the research team wore protection goggles with filter blocking (Model
DMC-02, DMC, Sao Carlos, SP-Brazil).

Arterial blood samples were drawn from the carotid artery catheter at the end of the experiment following
the extraction of the larynx and trachea before sacrifice. The samples were sent for pH, lactate, hematocrit, and
arterial blood gas analysis. The heart rate (HR) and mean arterial blood pressure (MAP) recordings were obtained
at the beginning of the cervicotomy, during the laryngofissure of the posterior wall of the airway, and after the
laryngotracheal extraction before sacrifice. Immediately after the extraction and under general anesthesia, the
animal was sacrificed by an intravenous bolus injection of 19.1% potassium chloride, 0.3 mL/kg (Isofarma,
Ceara-Brazil) as the local Ethics Committee for Animal Experiments recommended.

The larynx and upper third of the trachea were resected en bloc and immersed in 10% formaldehyde (Anidrol,
Sao Paulo-Brazil) for histopathology. The specimens were sliced transversely in the pathology laboratory and
separated according to the following levels: Larynx (from the thyroid to the cricothyroid membrane); Cricoid
(from the upper margin of the cricoid cartilage to the upper margin of the 1st tracheal ring); Trachea (from
the 1st to the 5th tracheal ring). The separated specimens were embedded in paraffin, routinely processed, and
stained with hematoxylin-eosin (Hematoxylin—Sigma-Aldrich, St. Louis, Missouri, USA; Eosin—Labsynth, Sao
Paulo-Brazil). The slides were then scanned digitally (Pannoramic P250 Flashdigital, 3DHISTECH Ltd, Budapest,
Hungary) using a 40 x power magnification objective (Plan-Apochromat, Zeiss, Jena, Germany) attached to a CIS
color camera (CIS Corporation, Tokyo, Japan) for bright field image acquisition. The images obtained underwent
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morphometry measurements using a Case Viewer (3DHistech, Budapest, Hungary) and were assessed by one
investigator (I.LE.S.R.) trained and supervised by two experienced pathologists (M.D.; N.S.X.C.). The measure-
ments evaluated in this study consist into the following (Fig. 1):

e Distance A consists in the width of the crater made by the incision at the top part, separating the borders of
intact mucosa;

e Distance B is the depth of the crater, of a perpendicular line from the measure A to the bottom where remains
the deep layer of tissue.

Those two first distance were measured in micrometers (um).

e Thearea C represents the total area of the crater created after the incision at that sliced picture. This area was
delimited by measure A and the internal surface of tissue inside the crater.

e The area D was the collateral thermal damage in the surroundings, specially on the mucosa and submucosa.
It was drowned after electronic microscopy assessment of coagulated or necrotic tissue.

The two areas were measured in square micrometers (um?).
Twenty-six landrace pigs of both sexes (mean weight 17.4+2.7 kg) were randomly assigned to the 980 nm
CDL group (n=11), and to the 1470 nm CDL group (n=15), with their respective potencies (Fig. 2).

Figure 1. Morphometry measurements for the histopathological analysis: (A) distance between the cut margins
of the incision, on top between the superficial tissue of intact mucosa; (B) distance from the top line of the cut
margin of previous mucosa to the bottom of the incision; (C) area of the crater of the incision; (D) area of the
lateral thermal damage in the surroundings.
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Figure 2. Distribution of the animals according to group (980 nm CDL vs. 1470 nm CDL), and to the following
power levels: Ppeac 980 nm group (1OW, 15W, 20W), corresponding to P, . of 5W, 7.5W, 10W, respectively; Ppea
1470 nm group (3W, 5W, 7W, 10W), corresponding to P,.,, of 2.5W, 3.5W, 5W, respectively.
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Statistical analysis

The data is presented as mean and standard error of the mean. Normally distributed data in each group and
homogeneity of the variances between groups were assessed using the Shapiro-Wilk and Levene tests. Compari-
sons between mean values used the One Factor Variance Analysis, whereas two parameters (type of energy and
power level) used double factor analysis of variance. The analyses were performed using the SPSS 21 computer
software for Windows (IBM, Armonk, New York, USA), and the significance level was set for p <0.05.

Ethical approval

The Study was realized according to ARRIVE guidelines (Animal Research: Reporting of In Vivo Experiments),
Ethics Committee for Animal Experiments (CEUA 153/14). According to the Brazilian Legislation and the
Brazilian College of Animal Experimentation.

Results

There were no significant differences between the male and female groups with the wavelength of the energy
delivered (p=0.127). There were no significant differences in body weight, hematocrit and arterial blood O, satu-
ration between the groups, in a way that the water proportion at the tissue or the concentration of hemoglobin
would not interfere favoring either 1470 nm or 980 nm. The PaO, was higher in the 980 nm group, and the lactate
values were higher in the 1470 nm group. The heart rate was not different between the study groups, as were the
doses of anesthetic drugs used in all animals. The duration of the incisions consisted the timed period from the
start of incision with the laser until the end, using a stopwatch (TS-1809, Taksun Quartz Timer, China). It was
longer in the 1470 nm group when compared to the 980 nm group (p=0.02) (Table 1).

The measurements of the incisions at different P, 1470 nm group—3W, 5W, 7W, 10W (corresponding to
Procan Of 2.5W, 3.5W, 5W); P, 980 nm group -10W, 15W, 20W (corresponding to Py, of 5W, 7.5W, 10W) in the
3 locations (thyroid cartilage, cricoid cartilage, and trachea) are described in Fig. 3. In the 1470 nm CDL group,
the distance between the borders of the mucosa (measurement A) was significantly smaller in the trachea, and
deeper at the level of the thyroid cartilage (measurement B). The total area of the incision was smaller in the
1470 nm CDL group at the level of the thyroid cartilage (measurement C). No significant differences were found
between the groups in the lateral thermal damage area (Fig. 3).

A separate analysis of the 1470 nm CDL group showed no differences in thermal damage area in the different
locations of the incisions when all potencies were compared (Fig. 4).

The 3W experiments in the 1470 nm group were excluded from the analysis because of their very low power
density, which resulted in almost no detectable tissue impact. For subgroup analysis, the power levels used
were grouped into three power levels: Low power level (P, =5W for the 1470 nm CDL group and 10W for
the 980 nm CDL group); Medium power level (P, =7W for the 1470 nm CDL group and 15W for the 980 nm
CDL group); High power level (P, = 10W for the 1470 nm CDL group and 20W for the 980 nm CDL group).
The only significant difference found was the larger incision area in 980 nm produced with the lower power level
at the thyroid cartilage (Fig. 5A). The thermal damage area was not different between 980 and 1470 nm CDL
incisions at all power levels, and across the different anatomic areas where incisions were made (Fig. 5B-D).

Discussion

The LTS presents as dense fibrous scar tissue extending from the posterior cricoid to the subglottis and to
the proximal trachea!. Treatment of LTS often requires multiple procedures such as dilatation, stenting, and
surgery. Surgical treatment of LTS includes a combination of the resection of scar tissue and laryngotracheal
enlargement of the airway lumen at the posterior cricoid level using a posterior cricoid split with costal cartilage
interposition®’. Laryngotracheal resection and reconstruction is more more surgical than standard cervical tra-
cheal resection. Therefore, it has more post-operative complications, such as wound infection and dysphonia®.
The recovery after laryngotracheal resection and reconstruction is also slower due to the extensive local surgical
tissue manipulation. Depending on the extent of the LTS and the severity of the airway narrowing, there is the
need for a tracheostomy or prolonged post-operative airway stenting to secure the airway diameter until healing

Parameter 980 nm 1470 nm P
Body weight (kg) 1894330 | 17.841.00 | 0.348
Mean arterial pressure (mmHg) 59.5+8.49 64.5+9.67 0.185
Heart rate (beats/minute) 115.4+15.02 | 125.2+16.07 0.126
pH 7.5+0.17 7.5+0.17 0.432
PaO, (mmHg) 422.5+43.18 |351.8+115.94 | 0.039
PaCO, (mmHg) 18.6+4.52 18.6+3.0 0.980
O, saturation (%) 99.7+0.5 99.2+1.19 0.254
Hematocrit (%) 32.7+£5.07 31.4+3.64 0.439
Lactate (mmol/L) 1.9+0.72 3.1+1.80 0.030
Incision duration (seconds) 77.8+35.63 | 188.5+107.86 | 0.02

Table 1. Hemodynamic and blood gases data.
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Figure 3. Comparison of the morphometry measurements between the 980 nm CDL group and the 1470 nm
CDL group. (A) Measure A: distance between top borders of cut mucosa. (B) Measure B: Depht of incision. (C)
Measure C: Area produced by the incision. (D) Measure D: Lateral area of thermal damage.
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Figure 4. Comparison of the power levels used in all 1470 nm CDL group locations. P, 1470 nm group—3W,
5W, 7W, 10W (P, of 2.5W, 3.5W, 5W, respectively). (A) Measure A: distance between top borders of cut
mucosa. (B) Measure B: Depht of incision. (C) Measure C: Area produced by the incision. (D) Measure D:
Lateral area of thermal damage.
is completed and decannulation is deemed feasible, which may take as long as 1 to 3 years®. Many patients requires
speech therapy to manage post-laryngotracheal surgery voice and swallowing disturbances often associated with
the open surgical laryngeal split*.
The rationale for developing an endoscopic cricoid split in substitution for the open surgical approach in
LTS focuses on reducing local surgical tissue trauma and less post-operative morbidity that may yield a faster
recovery and a better laryngeal function. In this scenario, a surgical contact laser has been considered to perform
the posterior cricoid split because it provides coagulation and a more precise cutting with minor tissue swelling,
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Figure 5. Comparison of power levels according to subgroups Low, Medium and High Power levels. (A)
Measure A: distance between top borders of cut mucosa. (B) Measure B: Depht of incision. (C) Measure C: Area
produced by the incision. (D) Measure D: Lateral area of thermal damage.

resulting in a faster and painless post-operative recovery'®. Clinical experience with dental surgery has shown
the advantages of lasers over the scalpel for soft tissue surgery including decontamination of the surgical area,
less postoperative bleeding, reduced inflammatory response, and less postoperative pain'®.

The 980 nm CDL is safe and effective for the treatment of laryngeal and upper airway diseases such as stomal
granulomas, vocal polyp, glottic web, papilloma, glottic carcinoma, bilateral cord palsy, subglottic cyst or airway
stenosis. Each situation will dictate the laser parameters and the expected effects, such as vaporization, cutting,
or coagulation®. The flexible fiber optic allows it to bend up to a 60-degree angle towards the posterior wall of
the airway, facilitating its use through a suspension laryngoscope. Furthermore, it may obviate the need for a
surgical anterior thyroid cartilage split'®.

A previous study showed the feasibility, safety, and effectiveness of the 980 nm CDL carried by flexible fiber
optics in the power range of P, of 10W to 20W (P,,,.,, 5W and 10W, respectively) for posterior laryngeal split®.
The energy absorption of the 980 nm CDL is centered in the hemoglobin. Hence, the coagulation time increases
and reaches the ablation temperature after photonic energy has been delivered”!?. Conversely, in the 1470 nm
CDL, most laser light absorption is by water, whereas the hemoglobin absorption is negligible. In human tissues,
the photo-thermal interaction offers both ablative and coagulative tissue effects simultaneously'”'®. Therefore,
even at low power, the 1470 nm CDL has a photo-thermal interaction capable of delivering enough energy to be
converted into ablation and coagulation of the surrounding tissues.

The present study compared the 1470 nm CDL and the 980 nm CDL wavelength for the posterior laryngeal
split. The inclusion of the hemodynamic measurements, hematocrit, and gas exchange during use of the CDL
showed that upper airway perfusion was not affected during the laser incisions. So the flow and amount of water
tissue would not be a bias into this analysis. The differences found in the physiologic parameters between the
groups were restricted to the arterial blood lactate levels (higher in the 1470 nm group), and PaO, (higher in
the 980 nm CDL group). Nevertheless, in the 1470 nm CDL it remained within the hyperoxic level (so neither a
reduction in water tissue nor in hemoglobin concentration). The energy deposition would impact directly into
one of the outcomes of the study: the lateral area affected by coagulation or necrosis from the thermal destruction.
The energy deposition converted into heat had some variables: the intensity of power level of the delivered, and
for how long the energy would be applied. Higher power level or longer durations would be greater accumulation
of heat and thus, greater dispersion and coagulation effect.

The previous study showed that the 980 nm CDL caused less lateral thermal damage than electrocautery.
However, the present study’s comparison between incisions produced by the 980 nm and 1470 nm CDL showed
no significant differences in the lateral thermal damage. The stratification into low, medium, and high-power
levels was also tested between the two wavelengths at the three anatomical regions (thyroid, cricoid, and trachea).
The differences found were limited to the smaller incision area at the thyroid level in the 1470 nm CDL at low
power level, whichi could be explained by the very low intensity of the 1470 nm CDL (P 5W; Prean 2.5W)
compared to the 980 nm CDL (Ppey 10W; Py SW).
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The tissue perfusion interferes with the photo-thermal tissue effects. Janda et al.'® demonstrad in ex vivo
animal muscle that both Nd:YAG laser and CDL cause a lower heating effect when used in deep incisions. Using
the diode laser in contact mode causes, more carbonization on the tissue surface with smaller neighboring areas
of coagulation. Smaller wavelengths, such as 830 nm, cause wider ablation, whereas 830 nm and 940 nm yield
to severe carbonization in high-power levels (10W and 20W) either in continuous or pulsed mode. The authors
suggested using low power levels to reduce carbonization and improve results.

The power settings used for the 980 nm CDL and 1470 nm CDL derived from preliminary studies
Theoretically, the 1470 nm CDL at low power outperforms the 980 nm CDL because its absorption coefficient
(pa) by water molecules of soft tissue chromophores is 50 times higher than 980 nm CDL. The high water y,
of the 1470 nm CDL also results in a shallow optical penetration depth (p, =1/y,) of the photons compared to
the 980 nm CDL?***. The absorptive heat level Q (J/mm?) also depends on p, so this interaction of the energy
penetration from the 1470 nm being slighter than other wavelengths results in lesser heat dispersion and accu-
mulation. The mechanism of thermal dissipation of the heat by the tissue also plays a role in the total energy
spread and in the extent of thermal lateral damage.

The photothermal interaction caused by the CDL with the tissue involves several biological effects according
to the generated heat in situ and the subsequent local temperature rise. Hyperthermia starts at temperatures of
43 °C to 45 °C and is reversible. When the tissue temperature reaches 60 °C to 65 °C there is protein denatura-
tion along with the coagulation of blood vessels resulting in tissue necrosis. Temperatures exceeding 100 °C
yield to protein breakdown with the release of hydrogen, nitrogen, and oxygen, leaving a layer of carbonization
behind. The degree of such changes depends on the laser-tissue interaction parameters'®. Increasing the laser
power settings does not necessarily result in a linear increase of the thermal effect. The temperature rise after heat
accumulation also influences the optical, thermal and the mechanical tissue parameters'. This knowledge is one
of the cornerstone bases when deciding when, why and how apply a laser delivering heat into a well-perfused
tissue such as the airway mucosa. In the later outcome excessive coagulation or necrosis would turn into exces-
sive and uncontrolled fibrosis and scarring.

Most of the laser light is absorbed within the first 60 um of the tissue depth. High power and the continuous
mode often led to heat accumulation and more thermal damage to adjacent structures®>~?. The lower larynx
and subglottis have thick mucosa, therefore with more tissue water, resulting in greater energy dispersion and
coagulation?. In the present study, the incisions made by the 1470 nm CDL resulted in smaller incision area
and depth in the thyroid area, possibly derived from a better performance of the 1470 nm CDL compared to
the 980 nm CDL at this site. Even without significant and homogenous difference at all places, the smaller
measures of 1470 nm conceivably related to the this wavelength water properties already depicted. Something
similar occurred with a shorter distance between the borders of the incision on the mucosa at the trachea with
the 1470 nm CDL.

The comparison between the 3 power levels showed that the larger incision area at the thyroid level produced
by the 980 nm CDL at low power levels was associated with a higher intensity (10W) than the 1470 nm CDL
at 5W.

The incision shape and width are mode-dependent (continuous/pulsed), whereas lateral thermal damage
results from complex interactions between different laser parameters?. Nevertheless, the common denominator
is that most laser-tissue interactions can produce some degree of tissue vaporization and a surrounding area of
thermal necrosis'. In addition to the tissue necrosis and water contents, would be other factors causing impact
on the extension of thermal damage, such as the manual handling of an operator, the patient movement?3, as
well as the speed and the local pressure applied to the CDL to produce the incision. Beer et al. showed that the
area and depth of carbonization and necrosis in CDL incisions are correlated with the cutting speed. The area
and depth of the reversible damage are linked to the average power used'. The wound repair that follows the
incisions is related to the individual variability in handling the device!’.

The limitations of this study are mostly related to its experimental design that restricts the assessment of the
incisions to the short term. Nevertheless, we believe these findings in swine can be transposed to humans because
of the inter-species similarities, particularly regarding the upper airway anatomy, histology, and blood rheol-
ogy. We also acknowledge that the major technical limitation was the manual performance of the incisions. The
time needed to execute the incisions manually varied and was longer in the 1470 nm CDL group. The surgeon
(I.ES.R.) identified the 980 nm CDLs deeper incisions and the shorter time needed to perform the incisions in
the posterior laryngotracheal mucosa, particularly at high-power levels. It also explains the longer time required
to produce the same macroscopic aspect of the incision produced by the 1470 nm CDL. Such issues can be dealt
by using robotically assisted incision. Another issue considered is the time required to produce the incision and
its effect on the lateral thermal damage. A longer irradiation time is often related to deeper thermal depths?®.
Lastly, the sort-term character of this study does not allow conclusions regarding the long-term outcomes of
the incisions.

6,8,19-21

Conclusion

The present study showed that CDL wavelengths tested produced similar results. As a result of its coagulative and
heat dispersion properties, the 1470 nm CDL produced smaller lateral thermal damage at a lower and medium
power levels and slightly more significant lateral thermal damage at high power levels, but none have reached a
statistically significant difference. The posterior laryngofissure incision with CDL can be effectively performed
with either wavelength. The best result regarding tissue interaction with the CDL is achieved with the settings
at low and medium power levels.

Scientific Reports |

(2024) 14:11457 | https://doi.org/10.1038/s41598-024-62333-3 nature portfolio



www.nature.com/scientificreports/

Data availability
The data recorded and analyzed during the current study are stored with the authors at InCor and available from
the corresponding author at reasonable request.

Received: 20 January 2024; Accepted: 15 May 2024
Published online: 20 May 2024

References

1.
2.

3.

10.
11.
12.
13.
14.
15.
. Karkos, P. D., Stavrakas, M. & Markou, K. Early glottic cancer and difficult laryngoscopy: Flexible endoscopic diode laryngeal

17.

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

29.

Grillo, H. C., Mathisen, D. ]. & Wain, J. C. Laryngotracheal resection and reconstruction for subglottic stenosis. Ann. Thorac. Surg.
[Internet] 53(1), 54-63 (1992).

Hoetzenecker, K. et al. A modified technique of laryngotracheal reconstruction without the need for prolonged postoperative
stenting. J. Thorac. Cardiovasc. Surg. 152(4), 1008-1017 (2016).

Terra, R. M., Minamoto, H., Carneiro, E, Pego-Fernandes, P. M. & Jatene, E. B. Laryngeal split and rib cartilage interpositional
grafting: Treatment option for glottic/subglottic stenosis in adults. J. Thorac. Cardiovasc. Surg. [Internet] 137(4), 818-823 (2009).

. Inglis, A. E, Perkins, J. A., Manning, S. C. & Mouzakes, . Endoscopic posterior cricoid split and rib grafting in 10 children. Laryn-

goscope 113(11), 2004-2009 (2003).

. Ho, K. H. K. & Ulualp, S. O. Laser-assisted management of congenital and acquired pediatric airway disorders: Case reports and

review of the literature*. Photomed. Laser Surg. 26(6), 601-607 (2008).

. Menezes, A. Q. et al. Posterior laryngofissure using a surgical contact diode laser: An experimental feasibility study. Lasers Med.

Sci. 34(7), 1441-8 (2019).

. Van Gemert, M. J. C. & Welch, A. J. Clinical use of laser-tissue interactions. IEEE Eng. Med. Biol. Mag. 8(4), 10-13 (1989).
. Arroyo, H. H., Neri, L., Fussuma, C. Y. & Imamura, R. Diode laser for laryngeal surgery: A systematic review. Int. Arch. Otorhi-

nolaryngol. 20(2), 172-179 (2016).

. Sroka, R., Weick, K., Sadeghi-Azandaryani, M., Steckmeier, B. & Schmedt, C. G. Endovenous laser therapy-application studies

and latest investigations. J. Biophotonics [Internet] 3(5-6), 269-276 (2010).

Roggan, A, Friebel, M., Dérschel, K., Hahn, A. & Miiller, G. Optical properties of circulating human blood in the wavelength
range 400-2500 nm. J. Biomed. Opt. [Internet] 4(1), 36 (1999).

Beer, E. et al. The influence of water/air cooling on collateral tissue damage using a diode laser with an innovative pulse design
(micropulsed mode)-an in vitro study. Lasers Med. Sci. [Internet] 28(3), 965-971 (2013).

Beer, E et al. Reduction of collateral thermal impact of diode laser irradiation on soft tissue due to modified application parameters.
Lasers Med. Sci. [Internet] 27(5), 917-921 (2012).

Geldi, C. et al. Development of a surgical diode-laser system: Controlling the mode of operation. Photomed. Laser Surg. 24(6),
723-729 (2006).

Jin, J. Y., Lee, S. H. & Yoon, H. J. A comparative study of wound healing following incision with a scalpel, diode laser or Er, Cr:YSGG
laser in guinea pig oral mucosa: A histological and immunohistochemical analysis. Acta Odontol. Scand. [Internet] 68(4), 232-238
(2010).

Goharkhay, K. et al. Effects on oral soft tissue produced by a diode laser in vitro. Lasers Surg. Med. [Internet] 25(5), 401-406 (1999).

laser-assisted surgery—A pilot study of an oncologically safe tool. Clin. Otolaryngol. 41, 830 (2016).

Havel, M., Sroka, R., Leunig, A., Patel, P. & Betz, C. S. A double-blind, randomized, intra-individual controlled feasibility trial
comparing the use of 1470 and 940 nm diode laser for the treatment of hyperplastic inferior nasal turbinates. Lasers Surg. Med.
[Internet] 43(9), 881-886 (2011).

Havel, M. et al. Intraindividual comparison of 1470 nm diode laser versus carbon dioxide laser for tonsillotomy: A prospective,
randomized, double blind, controlled feasibility trial. Lasers Surg. Med. [Internet] 44(7), 558-563 (2012).

Janda, P. et al. Comparison of thermal tissue effects induced by contact application of fiber guided laser systems. Lasers Surg. Med.
[Internet] 33(2), 93-101 (2003).

Neri, L. Estudo Histoldgico dos Efeitos da Lesdo com Laser Diodo 980 nm e 1470 nm em Pregas Vocais de Coelhos [Sdo Paulo] (Uni-
versidade de Sao Paulo, 2019).

Doganci, S. & Demirkilic, U. Comparison of 980 nm Laser and bare-tip fibre with 1470 nm laser and radial fibre in the treatment
of great saphenous vein varicosities: A prospective randomised clinical trial. Eur. J. Vasc. Endovasc. Surg. 40(2), 254-259 (2010).
Zhang, H., Xu, H., Fei, K., Guo, D. & Duan, Y. The safety and efficiency of a 1470 nm laser in obtaining tract hemostasis in tubeless
percutaneous nephrolithotomy: A retrospective cross-sectional study. BMC Urol. 22(1), 94 (2022).

Viarengo, L. M. A, Viarengo, G., Martins, A. M., Mancini, M. W. & Lopes, L. A. Resultados de médio e longo prazo do tratamento
endovenoso de varizes com laser de diodo em 1940 nm: Andlise critica e consideragdes técnicas. J. Vasc. Bras. 16(1), 23-30 (2017).
Wilder-Smith, P., Arrastia, A. M. A, Liaw, L. H. & Berns, M. Incision properties and thermal effects of three CO, lasers in soft
tissue. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. [Internet] 79(6), 685-691 (1995).

Hobbs, E. R., Bailin, P. L., Wheeland, R. G. & Ratz, J. L. Superpulsed lasers: Minimizing thermal damage with short duration, high
irradiance pulses. J. Dermatol. Surg. Oncol. [Internet] 13(9), 955-964 (1987).

Kaiser, M. L. et al. Laryngeal epithelial thickness: a comparison between optical coherence tomography and histology. Clin. Oto-
laryngol. 34(5), 460-466 (2009).

Wilder-Smith, P., Dang, J. & Kurosaki, T. Investigating the range of surgical effects on soft tissue produced by a carbon dioxide
laser. J. Am. Dent. Assoc. 128(5), 583-588 (1997).

Pogrel, M. A., McCracken, K. J. & Daniels, T. E. Histologic evaluation of the width of soft tissue necrosis adjacent to carbon dioxide
laser incisions. Oral Surg. Oral Med. Oral Pathol. 70(5), 564-568 (1990).

Niemz, M. H. Laser-Tissue Interactions Fundamentals and Applications 2nd edn, 145-200 (Springer Verlag, 2007).

Author contributions

IFSR—study design, data collection, experimental work, writting PFGC—study design and experiments, data
collection, writting NANS—experimental work, data collection ATC—statistical analysis, data collection HM—
study review BJB—study review NSXC—pathological analysis MWM—laser properties study MD—pathological
analysis PMPF—study review All authors reviewed the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to I.d.ES.R.

Scientific Reports |

(2024) 14:11457 | https://doi.org/10.1038/s41598-024-62333-3 nature portfolio



www.nature.com/scientificreports/

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |  (2024) 14:11457 | https://doi.org/10.1038/s41598-024-62333-3 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Comparison between contact diode laser with 980 nm and 1470 nm wavelengths for posterior laryngofissure in pigs
	Materials and methods
	Statistical analysis
	Ethical approval

	Results
	Discussion
	Conclusion
	References


