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Introduction: The objective of this study was to evaluate patients who underwent transoral robotic surgery (TORS) due to 
obstructive sleep apnea syndrome (OSAS) with regard to anesthetic management.
Methods: A total of 72 patients (20 females and 52 males) were included in this study. Their mean age was 46.94±9.02 
years (range: 27–67 years). The Epworth Sleepiness Scale, body mass index (BMI), apnea–hypopnea index, and the neck 
circumference were calculated for all patients included in the study. These patients were evaluated in terms of demographic 
information, TORS, anesthesia, peroperative findings, and complications.
Results: Evaluation of the patients with regard to ASA scores demonstrated that 14 patients (19.4%) were detected as ASA-1, 
50 patients (69.4%) as ASA-2, and eight patients (11.2%) as ASA-3. The mean duration of the operations was 131.93±33.67 
min (range: 64–210 min). The mean quantity of fluids used throughout the operation was 1.516.94±226.99 ml (range: 1.100–
2.200 ml). None of the patients had a history of hemorrhage requiring blood transfusion. None of the patient underwent 
tracheostomy. All patients were subjected to prolonged intubation and followed up in the intensive care unit for 24 h post-
operatively. No statistically significant difference was found between the duration of surgery of the male and female patients 
and the amount of fluids used during surgery (p=0.264 and p=0.113). It was demonstrated that there was no statistically 
significant difference between patients with BMI < and >30 kg/m², during the operation (p=0.122). The quantity of fluid used 
for patients with BMI <30 kg/m² was found to be statistically higher than of those with BMI values of >30 kg/m² (p=0.006).
Discussion and Conclusion: OSAS surgery with the TORS method under anesthesia is of utmost importance. We suggest 
that TORS interventions should be performed in accordance with basic endolaryngeal surgical principles of anesthesia. We 
are convinced that reports associated with the use of anesthesia experiences related to this subject would increase wide-
spread use of the technique.
Keywords: Anesthesia; intubation; obstructive apnea syndrome; robotic surgery.

Obstructive sleep apnea syndrome (OSAS) is a complex 
disease characterized with partial or complete obstruc-

tion of the upper respiratory tract and oxygen desaturation 
during sleep [1-3]. In the literature, the term OSAS was first in-

troduced in 1973 by Guilleminault et al.[4] OSAS has a signifi-
cant relationship with cardiovascular morbidity and mortality 
such as hypertension, heart failure, coronary heart disease, 
arrhythmia, sudden death, and cerebrovascular disease [5].
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Treatment of OSAS and CPAP use is a multilevel surgical ap-
proach for appropriate patients [2, 3]. Although there is no 
medical guide accepted by everyone in the literature about 
which surgical approach to apply in cases with OSAS, the 
main success in OSAS surgery is to determine the correct level 
of collapse and to apply the appropriate surgical approach [6].

Although obstruction can be seen at different levels in OSAS 
patients, transoral robotic surgery (TORS) has been one of 
the successful techniques currently applied for obstruction, 
especially at the tongue base and epiglottis level [7-10].

TORS is a very new technology and technique that allows 
minimally invasive surgery in head and neck surgery [7-11]. 
TORS was described by Weinstein and O’Malley et al. [11] 
in 2005 who described radical tonsillectomy, supraglottic 
laryngectomy, and resection tongue base using transoral 
approach. Later on, chordectomy, nasopharyngeal, and 
oropharyngeal approaches realized using TORS have been 
reported with TORS. FDA approved the use of TORS in be-
nign and malign lesions of oral cavity, oropharynx, phar-
ynx, and larynx in adults in 2010 [12].

Robotic surgery provides advantages for patients such as 
better hemostasis, lesser amount of bleeding and pain, 
shortened hospitalization, lesser morbidity, and faster re-
turn to normal oral feeding [8-11].

Experience of the anesthesia team and its collaboration 
with the robotic surgical team is very important for the safe 
application of TORS. Moreover, endolaryngeal surgery is an 
absolute must to proceed with TORS. Since pharynx col-
lapses during sleep and anesthesia in patients with OSAS, 
it is difficult to provide airway patency under tracheal intu-
bation and anesthesia.

In TORS practice, anesthesiologists should be alert and pre-
pared for every situation. It is applied in very few clinics in 
our country yet, so the presence of experienced anesthesia 
team makes safe and effective TORS application mandatory. 
In this study, our basic anesthesia approaches and experi-
ences in cases with OSAS managed with TORS performed by 
our otolaryngology clinic were presented The main points of 
management of TORS anesthesia were reviewed.

Materials and Methods 
This retrospective clinical study included 72 patients (20 
female, 52 male, mean age 46.94±9.02 years, range 27–67 
years) who were operated using TORS for obstructive sleep 
apnea between June 2012 and June 2017 in our hospital. 
The study was approved by the Ethics Committee of the 
same hospital (Ethics board decision no. 2017/113). The 
study was conducted in accordance with the Helsinki Decla-

ration of Principles and Guidelines for Good Clinical Practice.

The demographic information of the cases included in the 
study was obtained by screening the files in the hospital 
registry system. Epworth Sleepiness Scale (ESS) scores, 
body mass index (BMI), apnea–hypopnea index (AHI), and 
neck circumference were calculated for the subjects in-
cluded in the study.

The parameters such as operative data and its character-
istics, intraoperative bleeding, development of laryngeal 
edema, post-operative pain, morbidities, and tracheotomy 
requirement of the cases with OSAS who underwent TORS 
in the operating room of our hospital performed with Vinci 
Surgical Systems (Intuitive Surgical Inc., Sunnyvale, Califor-
nia) were retrospectively reviewed.

The patients who would undergo TORS were brought into 
the operating room, and electrocardiography, non-invasive 
arterial pressure, and peripheral oxygen saturation moni-
toring were performed in the operating room. Anesthesia 
was induced with 2–3 mg midazolam (Dormicum®), 1–2 
mcg/kg fentanyl, and 2 mg/kg propofol (in cardiac risk pa-
tients: 2–4 mg midazolam and + 2–4 mcg/kg fentanyl) in-
fused through 18–20 G IV cannulas inserted into the back 
of the both hands of the patient.

Muscle relaxation was achieved with 0.8–1 mg/kg midazo-
lam (CURON 50MG/5ML®) after observing that mask ven-
tilation was sufficient. A 6.5–7.5 nasal tube (Laser Shield II; 
Medtronic Xomed, Inc., Jacksonville, FL, USA) was intubated 
with the help of a video laryngoscope. Since monopolar 
cautery or laser was used to cut the tissue or control the 
bleeding during operation, intubation was done with a 
laser protected 5.0–6.0 Fr tube. Nasotracheal intubation 
was performed for all cases. All cases were treated with an-
tibiotic prophylaxis with a cephalosporin (1 g iv Iespor®). 
Crystalloid infusion was initiated in all cases at a dose of 
7 ml/kg/h. Arterial catheterization was performed for the 
monitorization of four invasive arterial pressures in cases 
in the ASA III risk category. All cases were taken into supine 
position. Priorly, Da Vinci robotic system (Intuitive Surgical, 
Sunnyvale, CA, USA) was installed.

After installation, the robot was brought closer to the oper-
ation table. Throughout the operation, all cases were pro-
tected with protective goggles and protective tooth mold. 
The Feyh-Kastenbauer® (F-K) retractor (Gyrus Medical, Tut-
tlingen, Germany) was used for oral and laryngeal expo-
sure. Surgical resection area was reached with three robotic 
arms from the mouth opening to the upper airway of the 
cases. On the one arm of the robot, a 00 endoscope of 8 
mm in caliber, a 5 mm-thick monopolar cautery, or laser ap-
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plicator was mounted on the second arm of the robot. On 
the third arm of the robot, aMaryland® dissector of 5 mm 
in diameter or a Schertel Grasper® was placed. Monopolar 
cautery and laser were used for tissue cutting and dissec-
tion. Schertel Grasper® and Maryland Disector® were used 
to grasp and dissect the tissue.

Monopolar cautery, hemoclips, and Thulium® laser were used 
for hemostasis. Hypotensive anesthesia was achieved with iv 
remifentanil during the operation. FiO2 was reduced to 30% 
to prevent potential burns that could happen due to laser or 
monopolar cauterization. To prevent peroperative and post-
operative bronchospasm, methylprednisolone (PREDNOL®) 
3 mg/kg iv and ranitidine (ULCURAN®) 1 ampoule iv were 
administered for the laryngeal edema prophylaxis at doses 
of 3 mg/kg iv of theophylline (TEOBEG®) iv. Meperidine 
(ALDOLAN®) 0.5 mg/kg iv was administered 30 min before the 
end of the operation for post-operative analgesia.

Statistical Analyses

Number Cruncher Statistical System, 2007 (Kaysville, Utah, 
USA) program was used for statistical analysis. Mean, stan-
dard deviation, median, lowest, highest, frequency, and 
ratio values were used in the descriptive statistics of the 
data. The distribution of variables was measured by Kol-
mogorov–Smirnov test.

Mann–Whitney U-test was used in the analysis of quantita-
tive independent data. Chi-square test was used to analyze 
qualitative independent data, and Fisher’s test was used 
when conditions for Chi-square test were not met. Dunn’s 
Multiple Comparison test with Bonferroni correction was 
used in multiple comparisons between groups. Kruskal–
Wallis H-test was used for non-parametric one-way ANOVA. 
Statistical significance was evaluated at p<0.05 level.

Results
The mean values for AHI (35.62±17.34: Range 14–94.6), BMI 
(32.00±2.41: Range 26.0–35.0), neck circumference (39±4.2: 
Range 30 cm–46 cm), and ESS (9.6±6.6: Range, 0–24) were 
as indicated in parentheses. The demographic characteris-
tics of the cases are given in Table 1. The types of surgery 
performed in the cases are summarized in Table 2.

ASA scores of the cases were evaluated, and 14 (19.4%) 
cases were evaluated in ASA-1, 50 cases (69.4%) in ASA-2, 
and 8 cases (11.2%) in the ASA-3 categories. The mean du-
ration of operation was 131.93±33.67 min (range 64–210 
min). The average amount of fluid used during the opera-
tion was 1.516.94±226.99 ml (range 1.100–2.200 ml). None 
of the cases had bleeding requiring blood transfusion.

Tracheotomy was not opened in any case. All cases were 

treated with nasal intubation for 24 h postoperatively in the 
intensive care unit. Sedation was achieved with remifen-
tanil (ULTIVA®) (0.1–0.5 mcg/kg/h) and dexmedetomidine 
(0.2–0.4/kg/h) combination according to the patient’s 
hemodynamic status.

Bispectral index (BIS) monitoring allows us to follow up the 
depth of sedation and awake EEG signals numerically. BIS in-
dex was kept between 60 and 70. All the cases with stable 
vital findings were extubated the other day and taken into 
service without any problems. In these cases, oral feeding 
started on day 3. Any episode of nausea or vomiting which 
required an antiemetic treatment did not occur in the recov-
ery room. Narcotic analgesics were not required for any pa-
tient transferred to the service during post-operative period. 
After the cases were transferred to the service, none of the 
cases had bleeding requiring blood transfusion. No post-op-
erative infection was not observed in any of the cases.

There was no statistically significant difference between the 
amounts of fluid used during surgery and operative times of 
male and female cases (p=0.264, p=0.113) (Table 3).

There was no statistically significant difference between 
the cases with BMIs below and above 30 kg/m² as for oper-
ative times (p=0.122). It was found that the amount of fluid 
used was statistically higher in cases with a BMI >30 kg/m² 

Table 1. Demographic characteristics of the cases

Characteristics Mean

Age (year) 46.94±9.02
 (range: 27–67)
Male patients, n (%) 52 (72.2)
Female patients, n (%) 20 (27.8)
Neck circumference, cm±SD 39.0±4.2
Epworth sleep score, i±SS 9.6±6.6
Mallampati score 3–4 (%) 63 (87.5)
AHI/h±SD 35.62±17.34

AHI: Apnea-Hypopnea ındex; SD: Standard deviation.

Table 2. Distribution of surgeries among cases

Cases
Type of the surgery performed n (%)

TBR 3 (4.17)
TBR + EP + UP + APP 12 (16.67) 
TBR + EP 10 (13.89) 
EP + UP + APP 1 (1.39)
TBR + EP + UP + APP + tonsillectomy 43 (59.72) 
TBR + UP + APP + tonsillectomy 3 (4.17) 
Total 72 (100)

TBR: Resection of the tongue base; EP: Epiglottoplasty; UP: Uvuloplasty; 
APP: Anterior palatoplasty.
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when compared with BMIs <30 kg/m² (p=0.006) (Table 4).

There was no significant difference between the operative 
times of the patients with mild (AHI: 5–15/h), moderate 
(AHI: 15–30/h), and severe (>30/h) OSAS (p=0.132). The 
AHI index was found to be higher in patients with mod-
erate (15–30/h) than in those with severe OSAS (p=0.029) 
(Table 5). There was no statistically significant difference as 
for intraoperative amount of fluid used between patients 
with mild and moderate OSAS (p=1.00). There was no sta-
tistically significant difference between the amount of fluid 
used in operation of the patients with mild and severe 
OSAS in terms of AHIs (p=0.438) (Table 6).

Discussion
With the widespread use of robotic surgery, management 
of anesthesia for the cases undergoing robotic surgery has 
also become important. The goal of the robotic surgery is 
to provide appropriate surgical treatment using minimally 
invasive techniques and with minimal complications [7, 8].

TORS and OSAS surgery are a new surgical method that is 
newly applied in the world. In cases with OSAS, patholo-
gies at the levels of tongue root and epiglottis are treated 
with TORS. Since access to these regions with ample blood 
perfusion is difficult, the surgical procedures have lower 
success but have relatively higher complication rates. In 
the literature, previously laser epiglottectomy, laser partial 
epiglottectomy, and diathermy epiglottectomy have been 
described for the treatment of OSAS. In these transoral en-
doscopy-assisted techniques described, <30% of the results 
were successful, with higher risk of complications ranging 
between 5% and 25%, and in open techniques, need for 
tracheotomy, related morbidity, and technical difficulties 
have led to search for new technical modalities [13, 14].

OSAS surgery using TORS was firstly reported by Vicini et al. 
[7] in 2011. Later on, surgical case series of OSAS managed 
with TORS have been reported, and then TORS gained im-
portance as a safe surgical technique for pathologies at the 
level of, especially, root of the tongue and epiglottis. In our 
country, Kayhan et al. [15] reported TORS as a safe, efficient, 
and effective method for the surgical treatment of OSAS. 
With TORS, it is possible to interfere with pathologic col-
lapses in upper respiratory tracts except nasopharynx. Da 
Vinci robotic surgical platform provides superior 3-D HD vi-
sion. In addition, surgical advantages such as tremor filtra-
tion with 5-mm instruments which can mimic the wrist on 
seven planes, leaving instruments in the surgical field, us-
ing both hands simultaneously, ability to intervene to, and 
suturing of the surgical field with two different instruments 
allow performance of more skillful surgery compared to 
endoscopic surgery [11, 13].

In the series of OSAS managed with TORS, every surgeon 
appears to display a different surgical approach. Vicini et al. 
[10] reported that they priorly ensured the airway patency 
by performing tracheotomy before proceeding further 
with TORS in cases with OSAS. In their series, Friedman et al. 
[14] reported that they did not open tracheotomy, before-
hand. In their series, Toh et al. [9] and Lin et al. [8] reported 
that they performed robotic surgery without opening tra-
cheotomy. In this study, tracheotomy was not performed 
in cases with OSAS treated using TORS. After the cases had 
nasotracheal intubation, the patients underwent robotic 

Table 3. Distribution of operative times and the amount of fluid 
used between male and female patients

  Gender

 Female Male P*

Operative time (min) 139.27±35.20 130.00±33.31 0.264
The amount of fluid 1.620.00±239.64 1.489.82±217.65 0.113
used (ml) 

*Mann–Whitney U-test.

Table 4. Distribution of operative times, and the amount of fluid 
used according to body mass indices

  BMI

 <30 kg/m² >30 kg/m² P*

Operative time (min) 143.85±30.42 129.31±34.02 0.122
The amount of fluid 1.652.31±173.31 1.487.12 ±227.69 0.006
used (ml)   

*Mann–Whitney U-test; BMI: Body mass index.

Table 5. Distribution of operative times and the amount of fluid 
used according to apnea–hypopnea indices

AHI Operative Amount of
 time (min) fluid used (ml)

Mild (AHI: 5–15/h) 135.00±28.06 1.600.00±70.71 
Moderate (AHI: 15–30/h) 143.61±30.33 1.626.67±217.36 
Severe (AHI: >30/h) 127.33±34.81 1.468.16±226.71 
P* 0.132 0.020 

*Kruskal–Wallis H-test; AHI: Apnea–hypopnea index.

Table 6. Multiple comparisons of the amount of fluid used 
according to apnea–hypopnea indices

Apnea-hypopnea groups P*

Mild-moderate 1.00
Mild-severe 0.438
Moderate-severe 0.029

*Dunn’s multiple comparison test with Bonferroni correction.
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surgery after the nasotracheal tubes were inserted and the 
cases were not immediately extubated and followed up for 
24 h with extended intubation in the post-operative inten-
sive care unit.

Patients with OSAS that underwent TORS are challenging 
and risky cases in terms of intubation. Even if the operation 
is initiated before the tracheotomy is planned, emergency 
tracheotomy should be prepared for cases with insufficient 
exposures or those developed collapses.

The major disadvantage of TORS is that the mouth open-
ing is narrow for robotic endoscopes and instruments. For 
this reason, we prefer nasal intubation to manipulate in-
struments easily. With nasal intubation, intubation tube is 
removed away from surgical field. In addition, as described 
by other authors, there is no need to suture the skin or 
other tissue to fix the intubation tube [11].

TORS should be practiced in accordance with the principles 
of endolaryngeal surgery. In TORS, monopolar cautery or 
laser is used. For this reason, the intubation tube must be 
resistant to the effects of laser and heat. In addition, during 
anesthesia, TORS should be performed under low oxygen 
saturation. In this study, nasotracheal intubation was ap-
plied to all cases, and cases were prepared in accordance 
with the principles of endolaryngeal surgery.

To be able to apply TORS for cases with OSAS, it is neces-
sary to retract the mouth open for at least 2 cm [15, 16]. It 
should be predicted that difficulties may be experienced 
in pharyngeal and laryngeal exposures in cases with inad-
equate mouth opening and in those with a history of diffi-
cult intubation. In TORS, F-K retractor is used for exposure. 
Experience is required for its placement in the mouth and 
for its convenient use. Good muscle relaxation should be 
achieved for comfortable placement of the F-K retractor. 
Muscle laxity must be well maintained throughout the op-
eration. If this is not achieved well, then complaints such 
as jaw joint problem, trismus, and neck pain may be seen 
during the post-operative period. In addition, the patients 
should be warned that placement of FK retractors may 
cause tooth loss.

The intraoperative complications and the amount of bleed-
ing in cases with OSAS during TORS have been reported to 
be lower than those of open surgery. ın their published 
series, Vicini et al. [16] reported intraoperative bleeding in 
only 0.4% of their cases. In this study, bleeding was not ob-
served at a level that would require blood transfusion. The 
amount of bleeding seen in all cases was <20 cc. However, 
the anesthesia team should be prepared for possible bleed-
ing episodes and should have appropriate blood supply at 

hand. It should not be forgotten that greater amount of 
blood transfusions may be needed in cases where it is nec-
essary to switch to open surgery due to excessive bleeding.

One of the most important advantages of TORS as a surgi-
cal treatment of OSAS is its shorter operative time. While 
initially reported series had long operative times, Vicini et 
al. [10] reported that, as experience increased, the duration 
of operation was shortened. In this study, it was observed 
that the operative time was prolonged due to the long pe-
riod of robot installation, especially in the first cases, and 
as the experience increased, the operative time decreased.

It was observed that the amount of anesthetic agents applied 
was also lower with the shortening of the operative time. 
There was no significant relationship between AHI scores 
and operative times. No significant difference was found be-
tween the AHI scores and the amount of fluid delivered.

In TORS applied for cases with OSAS, anesthesia, and pe-
rioperative care, as in the case with other head and neck 
surgeries, involve intraoperative monitorization, prophy-
lactic measures, observation of the effects of laser, and cau-
terization, post-operative close follow-up, and analgesia.

The preferred method of anesthesia is general anesthesia 
with nasotracheal intubation as in other upper airway in-
terventions [17]. Nasotracheal intubation provides airway 
safety and controlled respiration against aspiration. Muscle 
relaxation using vecuronium or rocuronium is necessary to 
facilitate surgery [17, 18].

As in the open surgical approach, inhalation anesthesia, 
TIVA is preferred in the maintenance of anesthesia during 
TORS performed for cases with OSAS. Desflurane is more 
frequently preferred due to its fast-onset and rapid recov-
ery properties, especially due to low blood-gas and tissue-
to-blood solubility. Desflurane provides easy control of the 
depth of anesthesia without affecting the cardiac output. 
Airway irritation is its disadvantage [17]. We also preferred 
desflurane and sevoflurane due to their rapid recovery 
properties. Sevoflurane is preferred for cases with respira-
tory problems due to its bronchodilatory and non-irritating 
properties.

In cases where TORS is applied, intubation tube and air-
way burn may develop secondary to the application of 
monopolar cautery or laser. To prevent this complication, 
intubation should be done using an aluminum-coated 
laser-protected tube, and the perioperative FiO2 should be 
reduced to 30% [19]. Care should be taken in terms of the 
development of post-operative laryngeal edema and extu-
bation should be planned well. In this study, airway burns 
were not observed in any case.
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Conclusion
Anesthesia management in TORS performed for cases with 
OSAS is very important. With this evaluation, which is one 
of the first robotic ENT series in our country, we believe that 
airway safety can be achieved by paying attention to post-
operative extubation timing in case of laryngeal edema, 
especially in compliance with basic anesthetic principles of 
endolaryngeal surgery in transoral robotic interventions. 
We are convinced that reporting anesthesia experiences 
related to this subject will promote widespread use of this 
technique.
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