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The CO, waveguide laser with flexible fiber in transoral resection
of oral and oropharyngeal cancers: a retrospective cohort study
on postoperative and quality of life outcomes
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Abstract

The aim of this study was to evaluate the CO, waveguide laser (WG CO, laser) with flexible fiber (Lumenis Ltd., Yokneam,
Israel) in the treatment of oral and oropharyngeal cancers, specifically focusing on postoperative outcomes, pain, and quality
of life (QoL). Eighty-one patients, 43 women and 38 men, with oral or oropharyngeal cancer who consecutively underwent
transoral resection by WG CO, laser from August 2015 to April 2020 were retrospectively enrolled. Resections were per-
formed in super pulsed mode with a power setting ranging between 3 and 10 W. Data about frozen sections, reconstruction,
complication rate, length of hospital stay, tracheostomy rate and time to decannulation, nasogastric feeding tube rate and
time to oral feeding, pain, and QoL were reviewed. Continuous variables were presented as mean and standard deviation.
Concordance between intraoperative frozen section examination and definitive histology was calculated using Cohen’s A
test of agreement. The mean length of hospital stay was 13 days. The feeding tube rate was 81%; the tracheostomy rate was
35%; the feeding tube was left in place for 8 days on average, and the time to decannulation was 9 days. The only complica-
tion was a postoperative bleeding in 4 patients. The median postoperative pain score measured by the Numeric Pain Rating
Scale on postoperative days 1, 3, and 5 was 0 and there was a constant decrease in painkiller use over the days. The overall
mean composite QoL score was 77 + 14, with excellent results in saliva, taste, pain, and speech domains. Frozen section
evaluation had a specificity of 99% and a negative predictive value of 98%. WG CO, laser is a good and safe tool for transoral
tailored resection of oral and oropharyngeal cancers. It ensures a good overall QoL and guarantees fast recovery and a very
low postoperative pain.
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Introduction

In recent years, oncologic surgery for oral and oropharyn-
geal squamous cell carcinoma has evolved as a result of
improvements in the technological equipment for transoral
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mini-invasive approaches. This reduces the need for invasive
open surgery and complex reconstructions, allowing shorter
hospitalization, lower surgical morbidity, an increased qual-
ity of life, and without any worsening in prognosis [1, 2].

A widespread technique is transoral laser microsurgery
(TLM), which has become a preferred organ-preserving
technique, initially for laryngeal cancer [3] and later for oral
and pharyngeal cancers [4, 5].

However, TLM is not free from technical limitations
such as the complexity to achieve optimal exposure with
microscopic vision from outside of the mouth, especially
for some blind areas of the oropharynx: the laser beam from
the micromanipulator travels in a straight line to the target,
contraindicating its use in some anatomic sites, such as the
base of the tongue. In recent years, these limitations have
been overcome by the introduction of a new generation of



CO, laser, known as the CO, waveguide laser (WG CO,
laser). This is a very thin tool that is highly suited to head
and neck surgeons as it allows resections to be performed
at any operating angle, following the surgeon’s wrist move-
ments, thanks to different length handpieces. When coupled
with magnification tools other than the microscope, such as
rigid or flexible tip endoscopes, it allows for angulated views
and reduces the blind areas.

In a previous study, WG CO, laser with flexible fiber
(Lumenis, Santa Clara, CA) was evaluated in 48 patients
surgically treated for oral and oropharyngeal cancer, specifi-
cally focusing on lateral thermal damage (LTD) induced by
this instrument and the consequent reliability of frozen sec-
tions. The low LTD found in that series (164.7 pm), allowed
an accuracy of 95.8% of the frozen sections [6].

The aim of the present study was to assess the good post-
operative outcomes, including postoperative pain and quality
of life (QoL), of a broader group of patients with oral and
oropharyngeal cancer treated surgically with the WG CO,
laser with flexible fiber (Lumenis Ltd., Yokneam, Israel).

Materials and methods

In this retrospective cohort study, data about consecutive
patients with oral and oropharyngeal cancer who underwent
their first tumor resection by WG CO, laser with flexible
fiber from August 2015 to April 2020 at the Otolaryngol-
ogy Department, Cattinara Hospital (Trieste, Italy) were
collected. The AcuPulse™ Duo CO, Laser (Lumenis Ltd.,
Yokneam, Israel) and the FiberLase™ single-use CO, Laser
fiber (Lumenis Ltd., Yokneam, Israel) were used for all the
interventions. Resection was performed in super pulsed
mode with a power setting ranging between 3 and 10 W.
Data were collected in total anonymity, with previous acqui-
sition of patient informed consent, and in full agreement
with the Declaration of Helsinki and its later amendments,
and with the approval of the Cattinara Hospital Ethics Com-
mittee. Exclusion criteria were previous surgery for oral
and oropharyngeal cancer, previous radiotherapy or chemo-
therapy for head and neck cancers, cancers involving the
hypopharynx or larynx, or medical conditions contraindicat-
ing general anesthesia. For each patient, the demographic
data, the characteristics of the tumor (site, clinical stage,
pathological stage, human papilloma virus status), of the
surgery (frozen section evaluation, reconstruction, trache-
ostomy rate, nasogastric feeding tube rate, complication
rate), and of the hospital stay (length of hospital stay, time
to decannulation, time to oral feeding) were recorded. We
considered as complications postoperative bleeding, surgical
site infections, and salivary fistula.

Both superficial and deep margins were collected using
WG CO, laser from the surgical bed and sent for frozen

section analysis. Superficial margins consisted of 3—4-mm-
thick strips of tissue all around the tumor; deep margins con-
sisted of one or two thin slices of tissue underlying the site
of the tumor. In the case of positive response, we performed
a margin enlargement in the same session as the primary
tumor resection.

All patients were staged according to the American Joint
Committee on Cancer (AJCC) TNM Staging Classification,
8th edition [7].

Postoperative pain was assessed by the Numeric Pain Rat-
ing Scale (NPRS) and in relation to the painkillers needed
by the patients 1, 3, and 5 days after surgery [8].

To assess short-time QoL, the University of Washington
Quality of Life Questionnaire was administered to patients
1 month after surgery [9]. The questionnaire is composed
of 12 single-question items, which have between three and
six possible responses scored evenly from zero to 100. The
domains investigate pain, appearance, activity, recreation,
swallowing, chewing, speech, shoulder, taste, saliva, mood,
and anxiety. There are also four global questions about over-
all QoL., in which patients are asked to consider not only
physical and mental health but also other social factors.
The final score is expressed as a percentage as result of a
weighted average, where zero corresponds to the worst QoL
and 100 to the best.

Statistical analysis was performed using dedicated soft-
ware (Statistical Package for the Social Sciences Version
25, SPSS Inc., Chicago, IL, USA). Results were presented
as mean and standard deviation for continuous variables.
Concordance between intraoperative frozen section exami-
nation and definitive histology was calculated using Cohen’s
K'test of agreement.

Results

Eighty-one patients were enrolled for the study, with a mean
age of 69+ 13 years and a median age of 72 years. There
were 43 (53%) women and 38 men (47%). The cancer was
in the oral cavity in 89% of patients (#="72) and in the oro-
pharynx in 11% (#=9). Table 1 summarizes the patients’
demographic data and the features of the tumors. A CON-
SORT flowchart is provided in Fig. 1.

Tumor was transorally resected in 79 patients (97%). In
one patient with carcinoma of the tongue base, the transoral
approach did not permit proper exposure of the lesion; thus,
a lateral pharyngotomy approach was used, while in another
patient, a combined transoral-transmandibular approach was
necessary, as the planned marginal mandibulectomy was
unable to ensure a margin-free resection. An en bloc resec-
tion of the tumor was possible in 68 patients (84%), while a
piecemeal resection was necessary in 13 patients (16%). We
do not routinely perform neck dissection in oral T1 cancer



Table 1 Patients’ demographic
data and tumor features

Oral cavity (72 pts)

Oropharynx (9 pts)

Age, mean+ SD (range)
Sex no. (%)

Female

Male
Subsite

pT stage no. (%)
pT1
pT2
pT3
pT4a
pT4b
Neck dissection no. (%)

PN stage no. (%)

pNO

pN1

pN2a
pN2b
pN2c
pN3a
pN3b

70+ 13 (36-91) 66+8 (52-75)

40 (56%) 3(33%)

32 (44%) 6 (67%)

Tongue 36 (50%) Soft palate 5 (56%)

Floor of the mouth 11 (15%) Tonsil 2 (22%)

Buccal mucosa 12 (17%) Posterior pharyngeal
wall 1 (11%)

Retromolar trigone 4 (6%)
Upper and lower alveolar ridge 8 (11%)
Hard palate 1 (1%)

Tongue base 1 (11%)

45 (63%) 3(33%)
19 (26%) 5 (56%)
5 (7%) 1(11%)
2 (3%) 0 (0%)
1 (1%) 0 (0%)
38 (53%) 4 (44%)
30 (42%) 2(22%)
6 (8%) 0 (0%)
0 (0%) 1(11%)
1 (1%) 1 (11%)
0 (0%) 0 (0%)
0 (0%) 0 (0%)
1 (1%) 0 (0%)

with clinically negative nodes, when microinvasive tumor is
found in the preoperative biopsy and when magnetic reso-
nance imaging shows a tumor depth of invasion either 2 mm
or inferior to 2 mm; in our cohort, a total of 42 patients
underwent lateral neck dissection.

In almost half of the cohort (49%), there was no need for
reconstruction as the defect healed by secondary intention.
When the surgical defect was considered too large, bovine
pericardium fixed with fibrin glue (Tisseel fibrin sealant,
Baxter Healthcare Corp, Deerfield, IL, USA) (#=24; 30%),
a Thiersch graft (#=2; 2%), or buccal fat pad (z=4; 5%)
were used in order to accelerate the healing process. Six
patients (7%) underwent reconstruction with local flaps,
whereas 4 patients (5%) required a free flap because of seg-
mental mandibulectomy, wide exposure of the mandible, or
a full thickness defect of the floor of the mouth.

Among the patients with oral cavity cancer, only 17 were
tested for human papilloma virus (HPV): 16 proved nega-
tive (22%) and 1 positive for HPV 16. All patients with oro-
pharyngeal cancer were tested for HPV, and all but one were
HPV negative (89%).

Four patients (5%) experienced postoperative bleeding,
while one patient (1%) had a mucosal hematoma. There
were no cases of mucosal dehiscence or fistula or wound

infection.

The mean length of hospital stay was 13+ 6 days (range:

2-32). The feeding tube rate was 81% (66 patients), while
the tracheostomy rate was 35% (28 patients). The feed-
ing tube was left in place for a mean time of 8 +4 days,
whereas the time to decannulation was 9 +4 days.

Frozen section evaluation of the resection margins was
routinely performed. Globally, 319 margins were evalu-
ated; we found a false positive rate of 1% (3 margins mis-
takenly considered dysplasia and 1 wrongly considered
cancer) and a false negative rate of 2% (1 margin proved
positive for carcinoma invasion at definite histology, while
5 proved positive for dysplasia). In this study, frozen sec-
tion evaluation had a specificity of 99% and a negative
predictive value of 98%. Comparison between frozen sec-
tion evaluation and definitive histology showed fair agree-
ment (A=0.36, »<0.0001, #=12%), with a discordance
rate of 3%.



Fig. 1 CONSORT flowchart for

a single-arm, non-randomized [ Enrollment ]
cohort study on the CO, wave-
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guide laser with flexible fiber
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Allocated to intervention with WG CO, Laser (n=81)
* Transoral approach (n=79)

+ Transoral + transmandibular approach (n=1)

+ Lateral pharyngotomy (n=1)
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[ Follow up ]

Lost to follow up (n=0)
Incomplete follow up data on Quality of Life outcomes (n= 35)*

l

[ Analysis ]

Analyzed (n=81)
Incomplete data analysis (n= 35)*

*The QoL questionnaire at 1 month after surgery was completed by 46 patients. Thirty-five
patients completed the first QoL questionnaire at6 months after surgery and were
therefore excluded from the analysis

A complete tumor resection was achieved with the first
surgery in 66 patients overall (81.5%). The resection was
considered complete when the final margin status was
negative or when frozen sections were confirmed negative
after definitive histology. In the case of close or positive
margins (we consider a positive margin if dysplasia or can-
cer is found), delayed procedure is often scheduled as soon
as possible. Among the 15 patients with incomplete resec-
tion, 6 patients underwent close follow-up with Narrow
Band Imaging (Visera Elite OTV-S190 video processor
and CLV-S190 light source, CH-S190-XZ HDTV camera,
OEV261H 26" LCD HD monitor — Olympus Medical
Systems Corp, Tokyo, Japan — with rigid endoscopes),
as only mild dysplasia was found, while surgical enlarge-
ment was performed in 9 patients with evidence of severe
dysplasia or cancer. A complete resection was obtained

in 8 patients (89%), whereas in | patient, diffuse severe
dysplasia was found, so we decided to proceed with a close
follow-up with narrow band imaging (NBI).
Postoperative pain was measured by the NPRS scale:
the median NPRS score on the first postoperative day
was 0 (range: 0-10), as it was on the third (range: 0-3)
and on the fifth postoperative day (range: 0-3). On the
first postoperative day, in 15% of patients (= 12), there
was no need for painkilling medications, 26% (#=21) of
patients used acetaminophen (Paracetamolo 10 mg/ml,
Industria Farmaceutica Galenica Senese S.r.l., Monteroni
D’Arbia (SI), Italy) to control the pain, 12% (#=10) of
patients used opioids to control the pain, and 47% (2= 38)
of patients needed opioids (Contramal, Grudenthal Italia
S.r.1, Milano, Italy) plus acetaminophen. There was a con-
stant decrease in painkiller use over the days, with 73% of



patients requiring painkillers on the third postoperative
and 60% on the fifth postoperative day.

The QoL questionnaire at | month after surgery was com-
pleted by 46 patients. Thirty-five patients completed the first
QoL questionnaire at 6 months after surgery and were there-
fore excluded from the analysis. The QoL scores divided
into domains are shown in Fig. 2. Overall, saliva (91 + 18),
taste (81 +27), pain (79 +17), and speech (79 + 16) had the
highest score, whereas chewing (64 #34) and shoulder com-
plaints (69 +36) had the lowest score. Overall mean com-
posite QoL score was 77 + 14.

Discussion

During the last 20 years, the technologies and the expertise
for transoral surgery have widely developed. Many cutting
and sealing instruments have become available for head and
neck surgeons. Among them, one of the most recent inno-
vations is the WG CO, laser with flexible fiber. As the WG
CO, laser is a relatively new tool, the literature does not
provide specific information on the postoperative course of
patients treated surgically for head and neck cancer with this
tool. Consequently, we explored postoperative outcomes of a
cohort of patients affected by oral and oropharyngeal cancer
and analyzed the pros and cons of the use of this instrument
in our hands.

While in the past, the aim of cancer treatments was
to achieve surgical radicality irrespective of the patient’s
residual function, in recent years, postsurgical QoL and the
balance between oncological and functional outcomes have
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Fig.2 QoL scores of different
domains (University of Wash-
ington Quality of Life Question-
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gained increasing attention. Oral cavity and oropharyngeal
cancer survivors often suffer from bad cosmetic outcome;
limited independence in daily activities and recreation;
serious deficits in chewing, swallowing, and speech; and
frequent mood and anxiety disorders, due to a highly
destructive surgery with wide resections that can involve
trans-mandibular approaches, neck dissection and flap
reconstruction, and adjuvant radiotherapy, with conse-
quent functional impairment [2]. In the present study, of
46 tested patients, a good overall postoperative QoL., and
very good results for saliva, taste, pain, and speech were
found, as already described for transoral approaches [10].
In particular, pain is the most cutting tool-related item.
In the present study, the median postoperative pain level
was low and well controlled by analgesics. On the other
hand, chewing and shoulder complaints had the lowest
score. Clearly, tumor resections that involve the oral cav-
ity greatly affect chewing capacity so that it is especially
important to direct patients to postoperative specialized
dental rehabilitation after surgery. Shoulder pain, shoul-
der droop, and loss of shoulder active range of motion
are very common postoperative complaints, especially if a
neck dissection is performed. It must be noted that, while
injury to the accessory nerve is an important risk factor for
the development of shoulder dysfunction following neck
dissection, shoulder impairment can still occur even if the
accessory nerve has been preserved. Thus, it is essential to
preoperatively acknowledge the potential for postoperative
shoulder and neck musculoskeletal complications, which
can occur even when the accessory nerve is preserved [11].
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The tracheostomy rate was 35%, with a mean duration
of 9 +4 days; the hospitalization length for tracheotomy is
concordant with the cohort of Kutter et al. [12] and gener-
ally lower than that of open surgery [13]. The literature does
not provide general rules regarding the need for a safety
tracheotomy. In our experience, tracheotomy is easily revers-
ible, does not significantly increase the duration of surgery,
and does not impact on recovery time; for these reasons, we
usually perform a safety elective tracheotomy in patients
with advanced oropharyngeal cancer, in patients with oral
cavity tumors who take platelet aggregation inhibitors or
anticoagulant therapy.

In most of the series (81% patients), we placed a nasogas-
tric feeding tube to prevent the wound from being exposed
to food with the risk of local infections and, concurrently,
to accelerate the healing process. On average, the feeding
tube was left in place for 8 days, in line with the existing
literature [12].

The total mean hospital stay was 13 days, consistent
with the series of Kutter et al. [12], but longer than the one
reported by Remacle et al. [14]. However, it must be con-
sidered that the presented cohort was larger than the one
reported by Remacle et al. and included patients with both
early and advanced cancer, with more comorbidities and
older.

The principal drawback of WG CO, laser with flexible
fiber is the low coagulation capability; this tool cannot seal
vessels larger than 0.5 mm, for which bipolar cauterization
is required [15]. This is particularly true for transoral resec-
tion of oropharyngeal cancers, when intraoperative bleeding
could negatively affect the vision of the surgical field, mak-
ing the second surgeon’s support (with aspiration and bipolar
cautery) essential. Moreover, the need for a frequent hemo-
stasis with bipolar cautery increases surgical time [6]. For
these reasons, we think that WG CO, laser with flexible fiber
is not the ideal tool for transoral resection of oropharyngeal
cancer in highly vascularized subsites, such as the palatine
tonsils and base of tongue. In these subsites, we usually pre-
fer to sample superficial margins with the WG CO, laser to
preserve margin specimen from a higher thermal damage,
and then resect the tumor with a radiofrequency scalpel.
Nevertheless, as preventing hemorrhage is better than fac-
ing a potentially life-threatening situation, we recommend
meticulous hemostasis with transoral clipping, ligation or
cautery of vessels more than 2 mm in diameter, and pre-
ventive ligation or clipping of the lingual and pharyngeal
branches of the external carotid artery during neck dissec-
tion [16]. Likewise, the low coagulation capability increases
the risk of postoperative bleeding; despite this in our cohort,
we had a postoperative bleeding rate of 5%, which is consist-
ent with the literature [16—18].

Another drawback of the WG CO, laser is the costs of
the fibers. As they are single use, the impact on the finance

of a high-volume center is higher than that of the traditional
CO, laser.

The CO, laser is a fundamental tool in a head and neck
surgeon’s equipment. Its major benefits reported in the lit-
erature are minimal postoperative swelling, improved wound
healing with minimal scarring, decreased postoperative
pain, better functional recovery, and less thermal damage
on adjacent tissues than electrocautery [19, 20]. However,
concern remains regarding the traditional microscope-
mounted micromanipulator, in which the laser beam travels
in a straight line, not well suited for the curvilinear shape
of the oropharynx and for some subsites of the oral cavity.
The introduction of fiber delivery CO, laser systems aims
to overcome this limitation. They allow direct application of
the laser shaft to the targeted tissue in a non-contact mode,
1 mm away from the tissue surface, via handheld handpieces
[21, 22]. Therefore, the dissection follows the surgeon’s
wrist movements permitting different orientations of the
beam towards tissues. This is particularly useful for the oro-
pharynx, whose inferior and posterior margins are difficult to
approach with the laser straight line from a micromanipula-
tor [23]. In the oral cavity, it allows easier en bloc resections
of the curvilinear vestibular region or oral pelvis. Further-
more, it makes it possible to perform thin and continuous
mucosectomy for microinvasive tumors or dysplastic lesions
through precise tangential cuts, even by splitting the mucosa
from the periosteum on a bony plane (maxilla, mandible, or
hard palate) [6]. Actually, premalignant lesions should be
fully excised and not vaporized with the CO, laser in order
to correctly evaluate the full-length histology of the lesion
and to avoid malignant transformation [24]. In addition, per-
forming the surgery under an electronic endoscope, instead
of a microscope, has a remarkable advantage. The contrast
enhancement function (such as NBI) makes it possible to
accurately evaluate small lesions and their extension, which
is sometimes difficult with normal light, by changing the
image function mode to check the lesions whenever needed
during surgery [25]. On the other hand, WG CO, laser with
flexible fiber lacks the precise automation of the CO, laser
microscopic scanning systems so that the precision of the
cut and the amount of energy given to tissues depend on
the surgeon’s hand. This can impact mainly on margin sam-
pling and on thermal artifacts on tissues. As it is known,
the main goal in oral and oropharyngeal cancer surgery is
to perform a complete tumor resection with clear margins.
Failure to achieve clear surgical margins leads to high rates
(up to 90%) of locoregional recurrence and decreased sur-
vival [26]. Complete tumor exposure and margin control
may become challenging in transoral surgery, as the field is
narrower than in classical open approaches (transmandibu-
lar, pull through) [27]. For this reason, radicality in transoral
surgery is assessed step by step based on frozen section anal-
ysis. Given its fundamental role, frozen section collection



must be accurate to ensure that intraoperative histology will
be confirmed after formalin embedding [28]. In our experi-
ence, we found a low discordance rate (3%) between frozen
section analysis and definitive histology; moreover, it must
be noted that frozen sections proved to be particularly help-
ful in confirming negative margins, as specificity was 99%
and negative predictive value was 98%.

Conclusion

The WG CO, laser with flexible fiber is a valuable tool in
transoral oral and oropharyngeal surgery thanks to its preci-
sion in cutting and its excellent maneuverability. It ensures
a good overall QoL and, despite the surgical wound healing
by secondary intention (the wound is left open to heal by
granulation, contraction, and epithelialization) in almost half
of patients, it guarantees a fast post-surgical recovery with
very low level of postoperative pain. Drawbacks are related
to the low haemostatic ability and to the costs of the fibers.
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