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Abstract

Introduction: Any surgical resection of the oral cavity and pharynx
could lead to serious impairment and compromise swallowing, chew-
ing, breathing, and speaking. Early-stage tumors of the oral cavity
and oropharynx are usually accessed by the transoral approach.
The resections after using an electronic scalpel may create complex
defects, with the raw area causing severe pain and bleeding in the
postoperative period. Consequently, flap reconstruction (local flap
or free flap) is usually indicated, which is also important to achieve
better functional results. The diode laser is not a new tool for treating
Head and Neck (H&N) tumors, and its usage for treating early glottic
cancer is well established, but CO2 laser has been more broadly
adopted worldwide.

Objective: Evaluate the hospital length of stay and postoperative
complications in transoral surgical resection of oral cavity and oro-
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pharynx early-stage malignant neoplasms, comparing diode laser
surgery with conventional electrosurgical resection.

Method: That study is a retrospective cohort that includes all pa-
tients with early-stage malignant neoplasm of oral cavity and oro-
pharynx treated with transoral diode laser surgical resection com-
pared to patients submitted to electrosurgery conventional resection
between August 2019 and August 2022 in a Head and Neck Cancer
Center. The evaluated outcomes were hospital length of stay, post-
operative complications, enteral feeding tube, tracheostomy, and
oncologic outcomes (recurrence rate and margins).

Results: The mean hospital stay was lower in the diode laser group
(3.2 days vs. 4.8 days / p=0.01). Postoperative complication rates
were similar in both groups. None of the patients presented local or
regional recurrence during the follow-up. The mean follow-up time
was 23 months.

Conclusion: The diode laser surgery is associated with a reduction
in the hospital length of stay for early-stage oral cavity and orophar-
ynx carcinoma.

Keywords: Diode laser; Head and neck cancer; Head and neck
neoplasms; Laser; Laser surgery

Introduction

Any surgical resection of the oral cavity and pharynx could lead
to serious impairment and compromise swallowing, chewing, breath-
ing, and speaking. Great effort has been done to minimize collateral
damage of surgery, which is a common treatment for head and neck
tumors. Recently, much has been discussed about minimally invasive
surgery, such as endoscopic and robotic approaches [1-9]. Overall,
chemoradiation, Transoral Robotic Surgery (TORS), and Transoral
Laser Surgery (TOLS), combined or not, are standards of care for
pharynx and larynx cancer [10]; however, until now, there is no alter-
native treatment for oral cavity tumors besides conventional surgery,
and chemoradiation protocols [11-13].

The diode laser is not a new tool for treating Head and Neck
(H&N) tumors, and its usage for treating early glottic cancer is well
established [14-19], but CO, Laser has been more broadly adopted
worldwide [20-22]. The Diode laser surgery for oral cavity and oro-
pharyngeal cancer is part of the concept of TOLS [23,24]. This tech-
nique consists in a procedure performed through the mouth opening,
to treat lesions of the upper aerodigestive tract, using a laser device,
without needing to make skin incisions or mandibulotomy to access
the tumor. It can be assisted by endoscopes and microscopes, but to
some tumors, it can be done under direct vision [25]. It does not fit ev-
ery case because the criteria for its indication depends on the patient
profile, especially the mouth opening and the characteristics of the
tumor, such as T stage and invasion of near structures [26,27]. Mainly,
the laser works as a cutting instrument, with some important benefits
such as the low marginal necrosis due to the low thermal spread, the
enhancement of tissue recovery, and better aspect of the margins [28-
30].
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Some studies of laser resection in H&N cancer demonstrated the
benefits in the management of glottic tumors or sites requiring asso-
ciated procedures such as a cervical incision or mandibulotomy to
access the tumor [20,22,31,32]. Early-stage tumors of the oral cavity
and oropharynx are usually accessed by the transoral approach [31-
35]. The resections after using an electronic scalpel may create com-
plex defects, with the raw area causing severe pain and bleeding in
the postoperative period. Consequently, flap reconstruction (local flap
or free flap) is usually indicated, which is also important to achieve
better functional results. Conversely, flap reconstruction may also be
associated with delayed hospital discharge and postoperative compli-
cations. The role of diode laser in the surgical treatment of early-stage
oral and oropharynx carcinoma is not well defined, particularly
whether the diode laser can improve outcomes or impact the costs.

This study aimed to evaluate the hospital length of stay and post-
operative complications in transoral surgical resection of oral cavity
and oropharynx early-stage malignant neoplasms, comparing diode
laser surgery with conventional electrosurgical resection.

Materials and Methods

This retrospective cohort study included all patients with ear-
ly-stage malignant neoplasm of oral cavity and oropharynx treated
with surgical resection between August 2019 and August 2022 in a
tertiary referral Head and Neck Cancer Center.

Patients with T1 or T2 oral cavity or oropharynx malignant neo-
plasm (according to the AJCC 8ed.) without neck or distant metas-
tasis and treated with surgery were included in the study. All cases
lost to the follow-up were excluded. The exposure was defined as
the transoral surgical resection with diode laser. The outcomes to be
evaluated were: (1) hospital length of stay; (2) postoperative compli-
cations; (3) postoperative feeding tube; (4) postoperative tracheosto-
my; and (4) oncologic outcomes (recurrence rate and free margins).
Demographic and clinical data were used as potential confounders.
All the collected variables are described in table 1.

Group
ESG (n=9) DLG (n=10) P
Age (mean [SD], y) 64y [8.1] 52y [18] 0.07
Hospital Length (mean [SD], d) 4.8d[1.3] 3.2d [0.9] 0.01*
Time with complaint (mean
[SD], m) 10m [10.6] 8m [5.4] 0.55
ECOG (n, %)
0 9 (100%) 10 (100%)
Comorbidities (n, %)
Yes 5 (56%) 3 (30%) 0.26
No 4 (44%) 7 (70%)
Gender (n, %) 0.87
Female 3 (33%) 3 (30%)
Male 6 (67%) 7 (70%)
BMI (mean [SD]) 26 [2.9] 25 [4.9] 0.57
Site (n, %) 0.90
Oral Cavity 7 (78%) 8 (80%)
Oropharyx 2 (22%) 2 (20%)
Staging T - AJCC 8ed. (n, %) 0.46
Ti 2(22%) 1 (10%)
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T2 7 (78%) 9 (90%)
Reconstruction (n, %) 0.00*
Primary closure 4 (44%) 0
Flap 5 (56%) 0
No reconstruction 0 10 (100%)
Neck Dissection (n, %) 0.27
Unilateral 4 (45%) 8 (80%)
Bilateral 3 (33%) 1 (10%)
None 2 (22%) 1 (10%)
Overall rate of complication
0% 3 (33%) 4 (40%) 0.76
Complication (n, %) 0.03*
None 6 (67%) 6 (60%)
Yes, related with ND 0 4 (40%)
Yes, related with tumor resection 2(22%) 0
Yes, related with both 1 (11%) 0
Post Operative Devices
Feeding tube 5 (56%) 4 (40%) 0.49
Time with feed tube (mean
(D], d) 19d [10.9] 11d [7] 0.25
Trachostomy 3 (33%) 0 0.04
Recurrence rate 0 0 —
Follow-up time (mean [SD], m) 23m [8.4] 15m[12] 0.13
Table 1: Sample characteristics.
Note: *adjusted for ND with logistic regression
**ND: Neck Dissection; ESG: Electronic Scalpel Group; SD: Standard
Deviation; BMI: Body Mass Index;| DLG: Diode Laser Group

In September 2018, it was implemented an instrument based on
the REDCap platform to standardly collect clinical, epidemiological,
surgical, and follow-up data of all patients in order to provide a qual-
ity data repository for clinical research. The eligible patients were
selected from this database and contacted by a phone call in which
they were invited to participate in the study, and the consent form was
applied. Demographic, clinical, surgical, and complication data were
also collected from the same database. The study period was purpose-
ly chosen to include only patients registered in this database to reduce
the risk of detection bias.

The follow-up data (survival and recurrence) were updated from
electronic medical records and from a phone call interview to the pa-
tient or family. The REDCap platform was used to collect and manage
the study data.

The patients were divided into two groups according to the device
used for surgical resection of the primary tumor. The selection criteria
for using each device was based on the disponibility of the laser as it
was provided as a donation. In the Diode Laser Group (DLG), the pa-
tients were submitted to transoral resection with dual frequency diode
laser 1470nm and 980nm (MediLaser® 980/1470, DMC Group, S&o
Carlos, SP, Brasil), with both lasers delivered through the same optical
fiber (ANVISA regulatory registration number 80030810166). The
maximum output power levels of the laser equipment are 20W and
10W, respectively to 980nm and 1470nm wavelengths. The optical
fiber used was 600mm silica core fiber (Introducer kit for Catheter FO
600, DMC, ANVISA register 80030810086). In the Electrosurgery
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Group (ESG), the tumor resections proceeded with conventional elec-
tronic scalpel (Valley Lab® - Force FX Covidien®). The electronic
scalpel setup was: Pure mode, output power levels of 15 W to both
coagulation and cut.

All the patients were operated by the same surgical team and with
the same oncologic endpoints [36].

Statistical Analysis

The estimated sample size was 16 patients for an effect size of
50% difference between groups with alpha 0.05 and power 80%. The
parameter used to calculate the sample size was the hospital length of
stay (mean 4.79 days / standard deviation 1.5) of patients surgically
treated with early-stage carcinoma of upper digestive tract (Stage I
and II - AJCC 8ed.) in the same period of the study. That information
was obtained from the REDCap database.

The numeric and continuous variables were described with central
tendency measures and standard deviation. The categorical and ordi-
nal variables were described with frequency and total count.

Univariate analyses were performed to evaluate unbalances be-
tween the groups in baseline characteristics. The normality distribu-
tion was tested with histogram, kurtosis, and skewness. The T-test
was used for continuous variables, and Pearson’s chi-square was used
for ordinal/nominal variables.

The relationship between the exposure (Diode Laser Surgery) and
the outcomes was evaluated with multiple logistic regression. To ad-
just the results, the regression model included all the unbalanced vari-
ables, potential confounders, and effect modifiers.

Results

A total of 21 patients were initially selected using inclusion crite-
ria. Two patients were excluded because they had T3 and T4 tumors
after pathologic staging (AJCC 8ed). Finally, this study included 19
patients: 10 submitted to transoral Diode Laser Resection (DLG) and
9 to Electrosurgical Resection (ESG). The majority of the patients
were male (13, 68%), the mean age was 58 years, the mean BMI was
25, and the mean hospital length was 4 days. All patients were ECOG
0, 42% had at least one comorbidity, and on average, patients had
their main complaint for eight months. The main H&N site was the
oral cavity (15, 79%), the main tumor stage was T2 (16, 84%), selec-
tive neck dissection (levels I-1II for oral cavity tumors and II-IV for
oropharyngeal tumors) was associated with tumor resection in most
cases (16, 84%), and the mean follow-up time was 17 months. The
groups were statistically comparable in these characteristics (Table

1).
Univariate analysis

All the numeric variables had normal distribution in the normality
test. The baseline characteristics statistically differ only in the vari-
able “Type of Reconstruction”(p=0.00). The univariate analysis of the
outcomes found differences in “Hospital Length of Stay” (p=0.01)
and postoperative complication type (p=0.03). These results are sum-
marized in table 1.

In the DLG, none of the patients received reconstruction; the sur-
gical bed was left raw for secondary healing. In the ESG, 4 patients
(44%) had primary closure, and 5 (56%) had flap reconstruction to
close the surgical defect (Table 1). The infrahyoid myocutaneous flap
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was used in two cases, and buccal mucosal and supraclavicular fas-
ciocutaneous flaps were used in one case each (Table 2).

The overall rate of complication was similar in both groups
(p=0.76). However, the sort of complication was different (p=0.03).
The DLG had 40% of complications, and the ESG had 33%. All
complications on DLG were related exclusively to the neck dissec-
tion procedure, while on the ESG, the presented complications were
somehow associated with the reconstruction. The complications on
the DLG were seroma, marginal mandibular nerve palsy, shoulder
syndrome, and neck hematoma. On the ESG, the complications were
flap dehiscence, partial loss of the flap with orocutaneous fistula, and
neck wound infection with orocutaneous fistula (Tables 2 & 3).

Hospital Length of Stay

The mean hospital length of stay was lower on the DLG (3.2 days
vs. 4.8 days / p=0.01). We considered the variables “Neck Dissection”
and “Type of Reconstruction” as potential confounders and included
them in the analysis to adjust the results (Figure 1).

All patients on the DLG had the surgical bed left raw after tumor
resection. This option was present only in this group; hence no recon-
struction was considered equivalent to DLG in the regression model.
Bilateral neck dissection was an isolated variable associated with an
increased hospital stay in both groups (p=0.02). Graph 1 demonstrates
these results. The adjusted r-squared of this model was 0.54, and the
p was 0.005 (Table 4).

Post-Operative Devices and Recurrence Rate

Tracheostomy was required in 3(33%) patients of the ESG and
none of the DLG (p=0.04). A nasoenteric feeding tube was used in
5(56%) patients in the ESG and 4(40%) patients in the DLG (p=0.49),
and the average time with that device was 19 days in the ESG and 11
days in the DLG (p=0.25).

All patients had free margins and were NO on the final pathology
report. None patients presented local or regional recurrence during
the follow-up. The mean follow-up time was 23 months in the ESG
and 15 months in the DLG (p=0.13).

Discussion

Despite the well-described usage of the CO, LASER for treating lar-
ynx and hypopharynx cancer in the last thirty years [20,22,32,33,35],
little has been seen about LASER applicability for treating oral cavity
and early-stage oropharyngeal tumors. Some studies have evaluated
its effects on margins, especially regarding the extent of necrosis area
and protein degradation [30,37], and others also compared the inflam-
matory reaction caused by the different cutting instruments used in
the oral mucosa [3]. In this study, we evaluated clinical outcomes,
showing the benefit of diode laser surgery on routine cases in a tertia-
ry referral Head and Neck Cancer Center from a single hospital, and
compared it with patients managed by electrosurgery conventional
resection. Oral cavity and oropharyngeal tumor resections are usually
followed by reconstruction. However, when using diode laser we can
avoid flap reconstruction, leaving a raw area. Previous studies have
shown that laser surgery presents a faster healing process, addressing
less intense necrosis and inflammatory reaction [28-30,37].

Although usually confounded as a simple cutting instrument,
the laser technology works differently from the electronic scalpel or
any other device that uses the thermoelectric effect to achieve tissue
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~
. T Stage . ) Hospital
. X Diagno- Neck Dissec- X o Tracheos- Feeding
Gender Age Site Subsite N (AJCC A Reconstruction Complication Stay
sis tion tomy tube
8ed.) (days)
) I-111
Male 67 Oral Cavity | Buccal mucosa sccC T2 . Mucosal flap No No Yes 4
unilateral
X Lateral border .
Male 71 Oral Cavity SCC T1 No Primary closure No No No 3
of tongue
. I-111 . Dehiscence of
Female 69 Oral Cavity | Floor of mouth sccC T2 N Infrahyoid flap Yes Yes 6
bilateral flap
Flap partial loss
R Ventral part of I-111 .
Male 50 Oral Cavity scc T2 . Infrahyoid flap and pharyngocu- No No 5
tongue unilateral
taneous fistula
Male 69 Oropharyx Uvula sccC T2 II-IV unilateral Primary closure No No No 5
Neck wound
Palatoglossal -1V . infection and
Female 68 Oropharyx Neo T2 . Primary closure Yes Yes 5
arch unilateral pharyngocutane-
ous fistula
X Retromolar .
Female 68 Oral Cavity SCC T1 No Primary closure No No No 3
area
. I-111 Supraclavicular
Male 51 Oral Cavity Floor of mouth Nee T2 ) No Yes Yes 7
bilateral flap
. 1-111
Male 69 Oral Cavity Floor of mouth SCC T2 X Mucosal flap No No Yes 5
bilateral
Table 2: Electrosugery group.
.
T Stage . Tra- . Hospital
X X . R Neck Dissec- . L. Feeding
Gender Age Site Subsite Diagnosis (AJCC i Reconstruction Complication cheos- b Stay
ion ube
8ed.) tomy (days)
Myxoid Secondar ound
Female 11 Oral Cavity | Dorsal part of tongue X T1 No ry wou No No No 3
sarcoma healing
. Lateral border of . Secondary wound
Male 33 Oral Cavity Nee T2 I-IIT unilateral ! No No No 3
tongue healing
1I-IV unila- Secondary wound
Male 68 Oropharyx Palatoglossal arch SCC T2 . No No Yes 4
teral healing
X Lateral border of . Secondary wound
Male 47 Oral Cavity SCC T2 I-I1T unilateral ! No No Yes 3
tongue healing
X Lateral border of . Secondary wound
Male 59 Oral Cavity SCC T2 I-I1I unilateral ! No No Yes 1
tongue healing
) Secondary wound
Female 71 Oropharyx Valecula Nee T2 1I-1V bilateral heali Seroma No No 4
caling
X Lateral border of N Secondary wound Nerve palsy (mar-
Male 50 Oral Cavity SCC T2 I-I1T unilateral I ) . No No 4
tongue healing ginal mandibular)
X Lateral border of B Secondary wound
Male 64 Oral Cavity sccC T2 I-1IT unilateral ! Shoulder sydrome No No 3
tongue healing
. Lateral border of B Secondary wound
Male 45 Oral Cavity Nee T2 I-III unilateral ! Neck Hematoma No No 3
tongue healing
Table 3: Diode laser group.
Figure 1: Hospital length of stay.
Note: *All the patients of Diode LASER group had the surgical bed left raw after tumor resection (No resection) and this only occurred in LASER group.
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Table 4: Multiple linear regression model to evaluate the Hospital Length
adjusted to “Reconstruction type” and “Neck Dissection (ND)”. The co-
efficients referred to the suppressed factors: “No reconstruction” in the
Reconstruction variable and “without ND” in the ND variable. All the pa-
tients in the LASER group had surgical bed left raw -No reconstruction,
which occurred only in the LASER group; therefore, “No reconstruction”
was considered equivalent to the LASER group.

incision and coagulation. The word laser is an acronym for “light am-
plification by stimulated emission of radiation” which means that this
technology works using light radiation to make its effect on the tis-
sues [24]. The interaction between the laser and the tissue is referred
to as photo-thermal, and it varies according to the laser wavelength
[38,39]. In turn, the wavelength determines how light is absorbed by
objects [38,39]. The laser light energy is absorbed and transformed
into heat inside the tissue leading to elevated temperatures that result
in tissue ablation and coagulation [38,39]. Due to its different effects
on the tissue, laser surgery is usually associated with many benefits
such as more precision, reduced healing time, bleeding, swelling, and
scarring [24,28,29,37]. Lasers of different wavelengths produce dif-
ferent effects on tissue, so not all lasers are efficient at cutting and co-
agulating. The carbon-dioxide laser was more adopted worldwide as
it is referred to as an efficient tool to cut and coagulate, and the diode
laser, in turn, was always described as a single wavelength device,
only effective for coagulation [14,40-42]. However, in this study, we
used a dual diode laser which has two different wavelengths working
at the same time, delivered through the same optical fiber: 980nm,
which is more absorbed by hemoglobin, and 1470nm, which is more
absorbed by water. The surgeon can set up the potency of both wave-
lengths and even deactivate one of them according to the need of each
case. Such characteristics make this laser device more effective and
may be related to better outcomes. The CO, laser has some limita-
tions, such as increased cost, difficulty managing deep and curved ar-
eas, and short penetration in tissues [14,40]. In our experience, some
benefits of the diode laser are the precision, once the surgeon uses
a hand piece during the surgery; the usage of the device is intuitive
because the handling is similar to an electronic scalpel; the easy dis-
placement of the device since its generator is light and mobile; and the
availability, because it is more common in our country.

The main contribution of this study is to show that using the dual
wave-length diode laser for resecting oral cavity and oropharynx can-
cer probably dismisses the need for reconstruction, which is associat-
ed with better outcomes such as fewer complications, shorter hospital
stay, and less usage of tracheostomy. One unobservant surgeon could
fear having more complications leaving the raw area to heal by itself,
but in fact we did not observe higher rates of complications in pa-
tients submitted to laser resection even though there was no kind of
suture or reconstruction. Bleeding was not observed in any of these
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patients. The necessity of a feeding tube was less frequent (40% vs
56%, p=0,49) and for a shorter period (11 days vs 19 days, not signif-
icant) on patients submitted to LASER resection. Moreover, leaving
the raw area open was not associated with pain or dysphagia as this
would result in a longer period of a feeding tube. Although not ad-
dressed in this article, maintaining the feeding tube for a longer period
may cause a negative impact on quality of life, especially if the patient
uses a nasoenteral catheter [43,44].

In our Hospital, dismissing any kind of reconstruction after oral
and oropharyngeal tumor resection was a paradigm shift, as it was a
consensus that reconstruction was always needed in order to achieve
excellent outcomes. The reconstructive step may vary according to
the raw area left after resection, but it is technically complex and re-
quires a great team effort, usually with the collaboration of multiple
surgeons of different specialties [45,46]. Some disadvantages of re-
construction should be pointed out, such as voluminous and bulky
flaps that commonly require multiple sequential procedures to reach
their final aspect. When surgical reconstruction is needed, a longer
operative time is expected, especially if a free flap is performed
[47,48]. Moreover, most of them will need an ICU bed and a longer
period with drains [49,50]. Sometimes we try to fit huge flaps in small
defects in the oral cavity or in the oropharynx, making tracheostomy
mandatory. Tongue fixation may occur in order to accommodate the
flap on the surgical bed. In addition, reconstruction is associated with
an increased risk of general surgical complications such as hypother-
mia, bleeding, thrombosis, and infections (surgical site, pneumonia,
and urinary tract infection). Besides that, complications in the donor
site, such as wound infection, dehiscence, and worse cosmetic out-
comes, could happen [51,52].

All the complications on the ESG were directly related to the re-
construction procedure, and the great majority were associated with
flaps. Patients who underwent any kind of reconstruction, including
primary closure, had worse outcomes, with more complications such
as dehiscence, wound infection, and fistula. Patients with this sort of
complication obviate specialized care with daily dressings and an-
tibiotics. Among the patients of DLG, no reconstruction was made,
which may explain the reduced length of stay (3.2 days vs. 4.9 days;
p=0.01). No patients require tracheostomy in the DLG, probably due
to a lack of flap reconstruction and less edema. Using flap reconstruc-
tion for these tumors elevates the need for a tracheostomy to eliminate
the risk of respiratory distress.

All the included patients had tumors in anatomic sites, which can
be accessed transorally, so the usage or not of the diode laser did not
change the surgical approach. In conventional TOLS the main advan-
tage is to avoid mandibulectomy or other access that can aggregate
morbidity.

This was a retrospective study that may include detection and se-
lection bias. However, many efforts were made to reduce their impact;
all the collected data were obtained exclusively from a databank in the
REDCap platform implemented with the purpose of collecting quality
clinical data for research; the statistical analysis was performed with
multiple regression to include the potential confounders; the use of
diode laser to proceed the resection was not a choice of the surgeon,
our Hospital did not have this device available free, all the cases were
done by donation, so the selection of patients that were submitted to
resection with laser depended of the availability and when it was ab-
sent the patients were operated with conventional electronic scalpel.
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Despite not having robust power to prove causality between the usage
of diode laser and improvement in surgical outcomes, the results of
this study may be valuable to further clinical trials on that topic.

In this study, the diode laser surgery was associated with an im-
provement in surgical outcomes, such as length of hospital stay and
surgical complications, probably because it allowed the surgical bed
to remain raw, dismissing the reconstruction step. At the same time,
it delivered the same rates of oncologic outcomes as the conventional
electrosurgical approach.

Conclusion

The diode laser surgery is associated with a reduction in the hos-
pital length of stay in transoral surgery for early-stage oral cavity and
oropharyngeal carcinomas compared with conventional electronic
scalpel surgery.
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