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Intraoperative bleeding that required cauterization, robot 
operating time, need for tracheotomy, postoperative self-
limiting bleeding, length of hospitalization, duration until 
start of oral intake, pre-operative and post-operative mini-
mum arterial oxygen saturation, pre-operative and post-
operative Epworth Sleepiness Scale score, postoperative 
airway complication and postoperative pain. Mean follow-
up was 12 months. None of the patients required tracheot-
omy and there were no intraoperative complications related 
to the use of the robot or the  CO2 laser. The use of  CO2 
laser in TORS-assisted tongue base surgery resulted in less 
intraoperative bleeding that required cauterization, shorter 
robot operating time, shorter length of hospitalization, 
shorter duration until start of oral intake and less postop-
erative pain, when compared to electrocautery. Postopera-
tive apnea–hypopnea index scores showed better efficacy 
of  CO2 laser than electrocautery. Comparison of postop-
erative airway complication rates and Epworth sleepiness 
scale scores were found to be statistically insignificant 
between the two groups. The use of  CO2 laser in robot 
assisted tongue base surgery has various intraoperative and 
post-operative advantages when compared to monopolar 
electrocautery.

Keywords Obstructive sleep apnea · Fiber delivered  CO2 
laser · Monopolar electrocautery · Robot assisted surgery · 
Tongue base surgery

Introduction

Transoral robotic surgery (TORS) has become popular 
among surgeons in the treatment of tumors of the lar-
ynx and pharynx. TORS possesses many advantages 
compared to other techniques such as Transoral Laser 

Abstract To compare intra-operative and post-operative 
effectiveness of fiber delivered  CO2 laser to monopolar 
electrocautery in robot assisted tongue base surgery. Pro-
spective non-randomized clinical study. Twenty moderate 
to severe obstructive sleep apnea (OSA) patients, non-com-
pliant with Continuous Positive Airway Pressure (CPAP), 
underwent Transoral Robotic Surgery (TORS) using the 
Da Vinci surgical robot in our University Hospital. OSA 
was treated with monopolar electrocautery in 10 patients, 
and with flexible  CO2 laser fiber in another 10 patients. 
The following parameters in the two sets are analyzed: 
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Microsurgery, providing better access, exposure and 
visualization [1, 2]. The Da Vinci surgical robot sys-
tem (Intuitive Surgical Inc., Sunnyvale, CA, USA) has 
been mainly used for the treatment of malignant and 
benign disease of the upper aerodigestive tract [1, 2], 
where majority of the applications are focused around 
oropharyngeal surgery and published results confirm 
this approach as a safe, feasible, and efficacious surgical 
modality for the treatment of oropharyngeal neoplasms 
[3–6]. This system utilizes an electrocautery monopolar 
or bipolar as energy source that is manipulated by one of 
the robotic arms.

Monopolar cautery is the most commonly used sur-
gical cutting and hemostatic tool for TORS [3] and is 
extremely effective. However, many studies have shown 
that the use of cautery causes a significant amount of 
collateral tissue damage [7–9]. Such thermal damage 
may have undesired effects on wound healing, safety of 
critical structures around the site where the energy is 
applied, and clinical outcomes; as a result, alternative 
technologies such as the harmonic scalpel and carbon 
dioxide  (CO2) laser are becoming popular due to their 
lesser degree of collateral thermal damage while still 
offering similar effectiveness in cutting and coagulation 
[10–12].

The use of  CO2 lasers in head and neck surgery has 
been well established in the literature since its introduc-
tion in the early 1970s [13]. Moreover, current technol-
ogy has also made it available as a cost-effective tech-
nique, increasing its prevalence in operating rooms [14]. 
A cadaveric study has shown that the flexible  CO2 laser 
fiber causes less depth of thermal damage when com-
pared to the harmonic scalpel [10]. The studies showed 
the feasibility of adding the advantages of  CO2 laser to 
those of TORS, allowing easier resection of pharyngo-
laryngeal tumors while limiting the thermal effect [1, 2].

Upper airway collapse often involves obstruction at 
the level of the tongue base. A number of surgical proce-
dures have been introduced in recent years for the tongue 
base reduction (TBR). Among these techniques, TORS 
has been successfully used for the treatment of OSA 
patients and the authors found the results encourag-
ing and worthy of further evaluation [15]. However, the 
thermal damage of electrocautery, which causes edema 
and crusting, has been a major drawback for TORS. 
In this study, we proposed the use of the new Flexible 
 CO2 Laser Fiber (OmniGuide Surgical, Lexington, MA, 
USA) in TORS to minimize the thermal effect during 
TBR. To our knowledge, this is the first study comparing 
the efficacy of  CO2 laser and electrocautery during robot 
assisted tongue base surgery.

Materials and methods

Patient selection

This prospective study consisted of 20 moderate to severe 
OSA patients, non-compliant with continuous positive air-
way pressure (CPAP), who underwent TORS using the Da 
Vinci surgical robot, with the flexible  CO2 Laser Fiber or 
electrocautery, in our University Hospital. Surgery with 
the  CO2 laser fiber introduced an additional cost to the 
patient as per the rules of our hospital, and this additional 
cost set the selection criteria of the energy source for this 
study. The first 10 patients who accepted the additional cost 
of the fiber formed the  CO2 laser group, and the first 10 
patients who rejected the additional cost of the fiber formed 
the electrocautery group. The pre-operative work included 
a polysomnographic evaluation, assessment of general 
medical health, thorough sleep history and a comprehen-
sive upper airway examination with fiber-optic endoscopy. 
In addition to the general ENT examination, we calculated 
body mass indexes, neck circumferences, tonsil sizes (grade 
0–IV), modified Mallampati–Friedman Scoring (I–IV), and 
drug induced sleep endoscopy of all the patients. Epworth 
Sleepiness Scale score was assessed for all the patients. 
The patients had significant obstruction at the tongue base 
and TORS for TBR was offered as a primary procedure to 
each patient. All the patients had polysomnographic evi-
dence of moderate to severe OSA (AHI >30) and exces-
sive daytime somnolence (Epworth Sleepiness Scale score 
17–23). Exclusion criteria were: history of a cerebrovascu-
lar disease, progressive neuromuscular disease, significant 
or unstable cardiovascular disease, significant psychologi-
cal instability, use of anticoagulatives, signs of potentially 
difficult exposure including significant retrognathia, an 
inability to hyperextend the neck, an interincisive distance 
over 2.5 cm, or trismus.

Surgical procedure

All the procedures were performed in the same operat-
ing room by the same surgical team and under general 
anesthesia. The surgeon did not have any experience with 
 CO2 laser prior to this study, and had extensive experi-
ence with monopolar cautery. The surgical robotic cart 
which is equipped with a robotic router and four arms 
was positioned 30° from the surgical bed on the left side 
of the patient. For the surgeries performed with the laser, 
mounted arms were holding a 30° endoscope, Maryland 
atraumatic forceps, an 8-mm EndoWrist Needle Driver 
(IntuitiveSurgical Inc.) which grasps a flexible metal 
carrier with the  CO2 laser fiber. The fiber that is used to 
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perform the TBR is a hollow waveguide with an effective 
spot size at the tip of the fiber of 320  μm  (BeamPath® 
Robotic Fiber, OmniGuide, Lexington, MA, USA). A 
3-mm metal carrier containing the flexible laser-delivery 
fiber was guided into the surgical site with the robotic 
needle driver. A spatula tip at the end of the metal carrier 
allowed blunt dissection, as well as operating the laser in 
contact mode. Laser energy out of fiber is divergent and 
allows operation in non-contact mode up to a distance of 
15 mm. The  CO2 laser power was set to 14 W for dissec-
tion and 7 W for coagulation. The optical power on tis-
sue is approximately 50% of the power set on the screen, 
due to the transmission properties of these fibers. The 
surgeon’s control panel was on the left side, positioned 
away from the patient. At the control panel, the surgeon 
controls the instrument arms and camera by maneuver-
ing the master robot manipulators. A second surgeon was 
seated at the head of the patient. The video tower was on 
the right side of the patient. One cautery unit was used, 
and it was connected to a coagulating suction tube han-
dled by the second surgeon at the head of the patient. 
For the patients treated by monopolar electrocautery the 
needle driver arm was replaced by the monopolar cautery 
arm of the robot, and the rest of the set-up remained the 
same. The monopolar cautery was used at a fixed power 
setting of 30  W in both cutting and coagulation modes. 
The FK-WO TORS Laryngo-Pharyngoscope retractor 
was used in all the surgeries. It was suspended anteriorly 
with a laryngoscope hold (Fig. 1).

The tongue base was then exposed with the FK retrac-
tor. The tongue was pulled anteriorly with stay sutures 
and using the retractor. During the exposure of epiglot-
tic vallecula, we aimed to limit the tissue resection to 
the superficial layer of lingual lymphoid tissue; however, 

most cases required extension of the dissection into the 
lingual musculature to achieve this exposure. Special 
attention is needed for the lingual artery and its dorsal 
branches, the lingual nerve, and the hypoglossal nerve. 
In our experience, the volume of excised tissue is not 
effective if it is less than 7  ml; and excising more than 
50 ml tissue may cause complications, presents risks such 
as neurovascular injury, and will not improve outcomes 
of surgery further. The volume of excised tissue in this 
study was measured to be in the 14–20 ml range. Due to 
this tight distribution, we do not expect this parameter 
to have any effect on the results reported in this study. 
Lingual tonsillectomy was performed afterwards using 
TORS with the same energy source used prior to tonsil-
lectomy. The wound was inspected carefully to verify 
adequate hemostasis. Suction cautery was used as needed 
for persistent bleeding (Fig. 2).

Postoperatively, the tongue and airway were closely 
inspected for edema. None of the patients required trache-
ostomy. The patients received a nasogastric (NG) feeding 
tube in the immediate postoperative period, which was 
removed when the patient could swallow liquid or soft 
food without aspiration. Postoperative observation was 
undertaken in the appropriate monitored setting.

Polysomnographic evaluation, assessment of gen-
eral medical health, thorough sleep history and a com-
prehensive upper airway examination with fiber-optic 
endoscopy, Epworth Sleepiness Scale score and visual 
analogue scale for postoperative pain were repeated 6 
months after the surgery for all patients.

Minitab version 16 was used for statistical analy-
sis (Minitab, Inc., State College, PA, USA). Parametric 
continuous variables were compared using a two-sample 
t test, assuming normal distributions of the variables. 
Categorical data were presented as frequencies and com-
pared with two-proportion test, using Fisher’s exact test 
to obtain the p value.

Fig. 1  View of mounted arms holding a 30° endoscope, Maryland 
atraumatic forceps, an 8-mm EndoWrist Needle Driver (Intuitive-
Surgical Inc.) which grasp a flexible metal conduit carrying the  CO2 
laser fiber during transoral robot assisted TBR

Fig. 2  View of tongue base reduction at the end of TORS with fiber 
delivered  CO2 laser
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Results

Twenty patients (16 males, 4 females) were included 
in this study. The mean age was 45.1 ± 7.2  years (range 
30–56 years). Ten patients were in  CO2 laser group and ten 
patients were in electrocautery group. The mean follow-up 
time was 12 months. None of the patients required tracheot-
omy and there were no intraoperative complications related 
to the use of the robot or the  CO2 laser. Only one laser fiber 

was used per operation, there was no need to replace a fiber 
due to defect or breakage.

The average duration of the excision for the  CO2 laser 
group was 8.6  min; significantly shorter than the dura-
tion of excision for the electrocautery group which was 
17.3 min (Fig. 3).

The mean hospital stay for  CO2 laser group patients 
was 2.0  days, and was 3.2  days for electrocautery group 
(Fig. 4). Oral feeding was started at 6 h for  CO2 laser group 
and 10.3 h for electrocautery group. All these differences 
were statistically significant with p < 0.001 (two-sample 
t test) (Fig.  4). Pre-operative apnea–hypopnea indices 
were similar in both groups: 36.2 for  CO2 laser group and 
36.6 for electrocautery group. However, post-operative 
apnea–hypopnea index was 8.8 for  CO2 laser group and 
11.1 for electrocautery group (Fig.  4). The post-operative 
difference was statistically significant (p = 0.003, two-sam-
ple t test). The postoperative pain score was 3.9 for the  CO2 
laser group, and 8.1 for the electrocautery group (p < 0.001, 
two-sample t test) (Fig. 4).

Intraoperative bleeding that required cauterization 
was 10% for the  CO2 laser group, and was 90% for the 
electrocautery group. This difference was statistically 
significant (p = 0.001, two-proportions test) (Fig.  5). 
Postoperative airway complication rates, postopera-
tive self-limiting bleeding and Epworth sleepiness scale 
scores were statistically insignificant between the two 
groups [p = 0.21 (two-proportions test), p = 0.21 (two-
proportions test), p = 0.87 (two-sample t test), respec-
tively] (Fig. 5).

Fig. 3  Comparison of the duration of the operation between  CO2 
laser and electrocautery in transoral robot assisted tongue base sur-
gery

Fig. 4  Comparison of length 
of hospitalization, duration 
until start of oral nutrition, 
postoperative AHI and pain 
scale between  CO2 laser and 
electrocautery in transoral robot 
assisted tongue base surgery
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Discussion

The Da Vinci surgical system (Intuitive Surgical Inc., Sun-
nyvale, CA, USA) is mostly used in the oropharynx, supra-
glottis and piriform sinus for the treatment of malignant and 
benign disease since its approval by the US Food and Drug 
Administration in December 2009. Performing TBR with 
the TORS approach allows removal of a part of the base of 
the tongue from the foramen cecum to the vallecula [16]. 
Lee et al. studied the use of transoral robot-assisted lingual 
tonsillectomy and uvulopalatopharyngoplasty for the surgi-
cal management of tongue base obstruction in patients with 
obstructive sleep apnea, and completed the study having 20 
patients with encouraging results [15]. Chiffer et  al. suc-
cessfully combined OSA-TORS with MRI to demonstrate 
the dependence of greater decreases in postoperative AHI 
to larger decreases in the total and retro-palatal lateral phar-
yngeal wall volumes [17] We report 100% surgical suc-
cess in both of our study groups where surgical success 
is defined as AHI reduction by at least 50% and final AHI 
<20. Average robot operating times, hospitalization times, 
time to soft diet start, post-operative AHI and ESS scores 
we report for the electrocautery group are comparable to 
reported values by Vicini et al. [18].

The advantages of TORS over traditional endoscopic 
surgery are numerous. Among these advantages, we can 
emphasize the adjustments of large hand movements of 
the operator to small movements of instruments in the 
airway enhancing dexterity, the three-dimensional visu-
alization of the surgical field provided to the surgeon for 
true depth perception, and the filtering out natural hand 
tremor [19, 20], Additional studies, including comparison 
with other techniques, are anticipated to assess the proper 
role of TORS in sleep surgery.

TORS depended on monopolar electrocautery until 
recently, and the thermal effects of the cautery were a 
major drawback for TORS. The  CO2 laser was first intro-
duced into Otolaryngology by Jako and Strong in 1972, 
and it has been used in Otolaryngology practice extensively 
since then [13]. Liboon et  al., in their study, showed that 
the acute width of injury for the incisions is greater with 
monopolar electrocautery than with  CO2 laser [21]. Mini-
mal thermal spread to the surrounding tissue makes the 
 CO2 laser well suited for TORS especially for use near crit-
ical anatomical structures [20]. However, before the intro-
duction of hollow wave guides,  CO2 laser could not be used 
in TORS as the delivery system required attachment to a 
microscope.

The new technology made it possible for the develop-
ment of flexible, biocompatible, low loss fibers for CO2 
lasers that can safely and reliably deliver high powers 
suitable for laser surgery applications [22, 23]. These fib-
ers were commercially introduced by OmniGuide Surgi-
cal (Lexington, MA, USA) [24, 25], and have been used 
in many different laser surgery including endoscopic skull 
base and pituitary surgery, endoscopic sinus and nasal pro-
cedures, surgery for glottic and subglottic respiratory pap-
illomatosis and transoral laryngeal malignancy surgeries 
[26].

Solares et  al. reported the first use of  CO2 laser fiber 
with transoral robotic surgery in 2007, studied the feasibil-
ity on three patients with malignant laryngeal tumors and 
concluded that the use of surgical robotics coupled with 
 CO2 laser will likely enhance our ability to treat laryn-
geal cancer patients [1]. Remacle et al. performed a simi-
lar study more recently on four patients and concluded that 
adding the advantages of  CO2 laser to those of TORS will 
allow easier resection of pharyngo-laryngeal tumors while 
limiting the thermal effect [2].

To our knowledge, there is no study that compares the 
clinical efficacy of  CO2 laser and electrocautery in TORS 
for TBR in the literature. Hoffmann et  al. reported intra-
operative performance evaluation of 4 different energy 
sources including  CO2 laser energy and monopolar cautery 
based on surgeon ratings [9]. In this study, we have quan-
titatively demonstrated various intra-operative, as well as 
clinical advantages of  CO2 laser over electrocautery.

We showed that the duration of the operation was shorter 
in  CO2 laser group than the electrocautery group. The 
spatula tip of the electrocautery had to be cleaned almost 
every 3–4 cuts due to tissue sticking to the tip, which 
slowed down the operation in the electrocautery group sig-
nificantly. These findings are also supported by Hoffmann 
et al.

The mean hospital stay and oral feeding time were 
shorter, and postoperative pain scores were better for the 
 CO2 laser group. We relate these outcomes to minimal 

Fig. 5  Comparison of intraoperative bleeding that required cauteri-
zation, postoperative airway complication rates and the postoperative 
self-limiting bleeding between  CO2 laser and electrocautery in tran-
soral robot assisted tongue base surgery
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thermal damage to the remaining healthy tissue after the 
resection with the  CO2 laser. Intraoperative bleeding that 
required cauterization was lower in the  CO2 laser group, 
which increases the surgeon’s comfort during the surgery. 
Surgeon ratings reported by Hoffmann et  al. also agrees 
with our results. The electrocautery unit had poor depth 
control and precision, and the evaporated tissue as well as 
the damage inflicted to surrounding tissue were much larger 
when compared to the precise cuts achieved by the  CO2 
laser. Fiber-delivered  CO2 laser energy allows a smooth 
transition from cutting to coagulation by defocusing the 
beam simply by retracting the fiber from the target tissue, 
providing a smooth surgery without any major bleeding. 
Patients’ comfort levels, as well as functional outcomes 
were also better in the  CO2 laser group. Postoperative 
apnea–hypopnea index scores have shown that the efficacy 
of the  CO2 laser was better than that of the electrocautery.

We also would like to report a financial expense com-
parison for the two groups of our study. The additional cost 
due to the disposable fibre (including the rental cost of the 
laser system) for the  CO2 laser group was approximately 
equivalent to the cost associated with the average additional 
one night stay for the electrocautery group. Although the 
use of monopolar cautery as opposed to  CO2 laser approxi-
mately doubled the robot operating time, we expect this dif-
ference to play a more significant role in surgeries where 
the actual robot operating time is much longer. Overall, the 
financial expenses for both groups were found to be similar.

This study had several limitations we would like to dis-
cuss. This was a non-randomized study, but the patients 
chose the energy source they will be treated with, which 
took the assignment of the treatment out of the control 
of the authors. The surgeon had significant experience in 
robotic surgery with monopolar cautery. The lack of pre-
vious experience with  CO2 laser, resulting in a learning 
curve, was a limitation in this study, and additional expe-
rience with the laser could result in further improvements 
on the reported benefits of  CO2 laser. The small number of 
patients in each group was also a limitation, but was suf-
ficient to show statistically significant differences in several 
parameters that we analyzed.

Conclusion

The use of fiber delivered  CO2 laser in TORS-assisted 
tongue base surgery resulted in less intraoperative bleeding 
that required cauterization, shorter robot operating time, 
shorter lengths of hospitalization, shorter durations before 
the start of oral intake and less postoperative pain, when 
compared to electrocautery.

The study results are also in favor of fiber delivered 
 CO2 laser when compared for postoperative self-limiting 

bleeding and postoperative airway complication, but a 
larger sample size is proposed to understand if these results 
have clinical significance.

Acknowledgements We would like to thank Mihai Ibanescu, PhD, 
for his expertise in statistical analysis.

References

 1. Solares CA, Strome M (2007) Transoral robot-assisted CO2 
Laser supraglottic laryngectomy: experimental and clinical data. 
Laryngoscope 117(5):817–820

 2. Remacle M, Matar N, Lawson G et al (2012) Combining a new 
CO2 laser wave guide with transoral robotic surgery: a feasibility 
study on four patients with malignant tumors. Eur Arch Otorhi-
nolaryngol 269:1833–1837

 3. O’Malley BW Jr, Weinstein GS, Snyder W et al (2006) Transoral 
robotic surgery (TORS) for base of tongue neoplasms. Laryngo-
scope 116(8):1465–1472

 4. Weinstein GS, Quon H, Newman HJ et  al (2012) Transoral 
robotic surgery alone for oropharyngeal cancer: an analysis of 
local control. Arch Otolaryngol Head Neck Surg 138(7):628–634

 5. Helman SN, Schwedhelm T, Kadakia S et  al (2015) Transoral 
robotic surgery in oropharyngeal carcinoma. Arch Pathol Lab 
Med 139(11):1389–1397

 6. White H, Ford S, Bush B et al (2013) Salvage surgery for recur-
rent cancers of the oropharynx: comparing TORS with standard 
open surgical approaches. JAMA Otolaryngol Head Neck Surg 
139(8):773–778

 7. Wolf T, Bhattacharyya S 2010 Synopsis of results: comparison 
of tongue incisions created using the flexible CO2 laser fiber and 
monopolar electrosurgery in an animal model. Head and Neck 
White paper archive

 8. Cristalli G, Mercante G, Covello R et al (2012) Histopathologi-
cal assessment in glossectomy: harmonic shears versus monop-
olar electrosurgery pilot study. Otolaryngol Head Neck Surg 
147(6):1076–1082

 9. Hoffmann TK, Schuler PJ, Bankfalvi A et al (2014) Comparative 
analysis of resection tools suited for transoral robot-assisted sur-
gery. Eur Arch Otorhinolaryngol 271(5):1207–1213

 10. Hanby DF, Gremillion G, Zieske AW et  al (2011) Harmonic 
scalpel versus flexible CO2 laser for tongue resection: a histo-
pathological analysis of thermal damage in human cadavers. 
World J Surg Oncol 9:83

 11. Tulikangas PK, Smith T, Falcone T et al (2001) Gross and histo-
logic characteristics of laparoscopic injuries with four different 
energy sources. Fertil Steril 75(4):806–810

 12. Choussein S, Srouji SS, Farland LV et al (2015) Flexible carbon 
dioxide laser fiber versus ultrasonic scalpel in robot-assisted lap-
aroscopic myome. J Minim Invasive Gynecol 22(7):1183–1190

 13. Strong MS, Jako GJ (1972) Laser surgery in the larynx: early 
clinical experience with continuous  CO2 laser. Ann Otol Rhinol 
Laryngol 81(6):791–798

 14. Devaiah AK, Shapshay SM, Desai U et al (2005) Surgical utility 
of a new carbon dioxide laser fiber: functional and histological 
study. Laryngoscope 115(8):1463–1468

 15. Lee JM, Weinstein GS, O’Malley BW Jr et al (2012) Transoral 
robot-assisted lingual tonsillectomy and uvulopalatopharyngo-
plasty for obstructive sleep apnea. Ann Otol Rhinol Laryngol 
121(10):635–639

 16. Vicini C, Montevecchi F, Magnuson JS (2013) Robotic sur-
gery for obstructive sleep apnea published online. Curr Otorhi-
nolaryngol Rep 1:130–136.



2279Eur Arch Otorhinolaryngol (2017) 274:2273–2279 

1 3

 17. Chiffer RC, Schwab RJ, Keenan BT et al (2015) Volumetric MRI 
analysis pre- and post-Transoral robotic surgery for obstructive 
sleep apnea. Laryngoscope 125(8):1988–1995

 18. Vicini C, Montevecchi F, Campanini A et al (2014) Clinical out-
comes and complications associated with TORS for OSAHS: a 
benchmark for evaluating an emerging surgical technology in a 
targeted application for benign disease. ORL J Otorhinolaryngol 
Relat Spec 76(2):63–69

 19. Hockstein NG, O’Malley BW Jr, Weinstein GS (2006) Assess-
ment of intraoperative safety in transoral robotic surgery. Laryn-
goscope 116:165–168

 20. Holsinger FC, Prichard CN, Shapira G et  al (2006) Use of the 
photonic band gap fiber assembly CO2 laser system in head and 
neck surgical oncology. Laryngoscope 116(7):1288–1290

 21. Liboon J, Funkhouser W, Terris DJ (1997) A comparison of 
mucosal incisions made by scalpel, CO2 laser, electrocautery, 
and constant-voltage electrocautery. Otolaryngol Head Neck 
Surg 116:379–385

 22. Temelkuran B, Hart SD, Benoit G et al (2002) Wavelength-scal-
able hollow optical fibres with large photonic bandgaps for CO2 
laser transmission. Nature 420:650–653

 23. Koufman JA, Rees KJ, Frazier WD et  al (2007) Office-based 
laryngeal laser surgery: a review of 443 cases using three wave-
lengths. Otolaryngology Head Neck Surg 137:146–151

 24. Food and Drug Administration, Department of Health and 
Human Services (2005) 510(k) clearance: K050541 Omniguide 
Beam-Path  CO2 Mark I Laser Beam Delivery System.

 25. Torres D, Weisberg O, Shapira G. et al. (2005) Omniguide pho-
tonic bandgap fibers for flexible delivery of CO2 laser energy for 
laryngeal and airway surgery. Proc SPIE 5686:310–321

 26. Shurgalin M, Anastassiou C (2008) A new modality for mini-
mally invasive CO2 laser surgery: flexible hollow-core photonic 
bandgap fibers. Biomed Instrum Technol 42:318–325


	Comparison of fiber delivered CO2 laser and electrocautery in transoral robot assisted tongue base surgery
	Abstract 
	Introduction
	Materials and methods
	Patient selection
	Surgical procedure

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


