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ABSTRACT
Objective: In this study we investigated whether postoperative changing nasotracheal to orotracheal intubation is necessary after trans-oral robotic surgery (TORS) 
for obstructive sleep apnea syndrome (OSAS).

Methods: A total of 151 patients who underwent TORS between 2011 and 2023 with the diagnosis of OSAS were included. All patients were transferred to post 
anaesthesia intensive care unit (PACU) after operation with orotracheal (group O: 73 patients, operated between 2011 and 2017) or nasotracheal tubes (group N: 
78 patients, operated between 2017 and 2023). Age, gender, American Society of Anesthesiologists scores, Mallampati scores, PACU stay, pH in arterial blood gas 
 samples taken during this period (1—"rst hospitalization, 2—12 hours later, 3—before extubation), PCO2, PO2, Base excess (BE), lactate values, total amount of #uid 
administered, presence of complications, and discharge times were collected from the patients "les. Statistical analyses were done between the groups.

Results: There was no statistical di$erence between groups regarding patient’s demographic data. The distribution of Mallampati scores of the patients was 52% 
in group O and 55% in group N (P = .97). Complication rate was 16% in group O (6 bleeding, 4 vomiting, 1 need for reintubation) and 19% in group N (6 bleeding, 7 
vomiting, 2 need for reintubation). The length of stay in the PACU in both groups was 24.9 hours (P = .92). The amount of #uids given in PACU was not statistically 
di$erent (P = .14). The length of hospital stay was the same in both groups (7 days). No statistical di$erence was observed between the 2 groups in any measurement 
period of arterial blood gas values, pH, PO2, PCO2, BE, and lactate.

Conclusion: Our results support that nasotracheal intubation itself is safe both during surgery and postoperative period in OSAS patients who underwent TORS, 
and there is no need to change it to orotracheal intubation at the end of the operation. We believe that our study will contribute to the management of the early 
postoperative process in this patient group.
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Introduction

The development of obstructive apnea and hypopnea due to repetitive collapse of the upper airway during sleep is called obstructive sleep apnea 
(OSA).1 It has been shown that there are 936 million people aged 30-69 years worldwide with mild-to-severe OSA and 425 million with moderate-
to-severe OSA.2 The rate is slightly higher in adult men. The prevalence appears to be increasing, either due to increasing obesity or an increase 
in diagnostics.3,4

Surgical treatment is indicated as the primary treatment for OSA when a "xed, surgically correctable airway obstruction is responsible for apnea. 
Surgical treatment of OSA includes a wide variety of procedures and approaches that dilate and/or stabilize the upper airway.5 To deal with tongue 
root obstruction, transoral robotic surgery (TORS) and coblation-assisted tongue root reduction surgery are 2 of the most published tongue root tis-
sue reduction procedures. The "rst applications of robot-assisted surgical techniques in upper airway pathologies began in 2005 at the University 
of Pennsylvania.6
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In 2009, the U.S. Food and Drug Administration approved the use of 
TORS in benign and malignant lesions of the oropharynx and larynx.7 
In 2010, Vinci et al8 initiated a preliminary study on the use of TORS in 
OSAS and reported that it was practical and well tolerated. The most 
recent systematic review and meta-analysis by Meccariello et al (2017) 
concluded that TORS appears to be a promising and safe technology 
for the management of OSAS, with a mean failure rate of 34.4% (29.5%-
46.2%).9 Trans-oral robotic surgery o$ers minimally invasive access to 
the oropharynx and hypopharynx with advantages such as maneuver-
ability beyond the limits of human hand movement, high sensitivity 
and 3-dimensional image, use of angled endoscopes, tremor reduc-
tion, and a wide range of surgical instrument options.10

In patients with OSAS, anesthesia and surgery have known inherent 
risks.11,12 Obstructive sleep apnea increases the risk of perioperative 
complications and should be well planned in the perioperative period 
to minimize postoperative morbidity and mortality.13,14

Management in terms of anesthesia should start with a comprehensive 
preoperative evaluation and should be comprehensive with a follow-
up plan, considering their postoperative processes from their periop-
erative management. The di%culty of initial intubation, the bene"ts 
of shared use of the operating "eld, the potential for postoperative 
swelling or bleeding, and extubation planning should be formulated 
with the surgical team. Because of this, nasotracheal intubation is 
replaced by orotracheal intubation at the end of the operation, with 
the latter being usually the preferred method.

In our study, we investigated if postoperative orotracheal intubation 
is necessary in these OSAS cases who underwent TORS. For this pur-
pose we compared the clinical data of the OSAS patients followed with 
nasotracheal intubation alone and the patients whose nasotracheal 
tubes were replaced with orotracheal intubation at the end of the 
TORS procedure.

Method

After the approval of the local ethics committee of our hospital 
(2023-326/2023-15-01), patients over the age of 18 who underwent 
TORS between 2011 and 2023 with the diagnosis of OSA syndrome, 
patients with American Society of Anesthesiologists (ASA) scores I-III, 
were included. Data of the patients collected from hospital’s elec-
tronic Database (Probel, İzmir, Turkey) and ImdSo ft-Me tavis ion/Q 
linIC U clinical decision support system (Israel). Of the 158 patients 
whose data were collected, 7 patients were excluded from the study 
(blood gas values could not be reached in 3, reoperation in 2, and 
postoperative extubation in 2). Age, gender, ASA scores, Mallampati 
scores, post anaesthesia intensive care unit (PACU) stay of the remain-
ing 151 patients, pH in arterial blood gas samples taken during this 
period (1—"rst hospitalization, 2—12 hours later, 3—before extuba-
tion), PCO2, PO2, BE, lactate values, total amount of #uid adminis-
tered, presence of complications (bleeding, vomiting, reintubation, 
other), and discharge times were recorded. The patients were divided 
into 2 groups according to their postoperative intubation route. The 
patients who were followed up in the PACU with oral intubation after 
the surgery were grouped as group O (73 patients operated between 
2011 and 2017) and the patients followed up with nasal intubation 
were grouped as group N (78 patients operated between 2017 and 
2023).

A routine general anesthesia protocol was applied to all patients 
undergoing TORS. All patients were monitored according ASA stan-
dards. In order to prepare for possible di%cult intubation in OSA cases, 
preoxygenation was performed in all cases for 5-8 minutes with a 100% 
O2 mask. Invasive arterial monitoring was routinely performed on all 

patients for blood gas monitoring. After entering nasal cavity with the 
intubation tube, nasotracheal intubation was completed quickly by 
seeing the tube in the mouth with videolaryngoscopy. At the end of the 
operation, all patients were taken to the PACU under deep sedation.

Post anaesthesia Intensive Care Unit Follow-Up Process
All patients in the PACU were hospitalized with their heads 45° up. 
All patients were given antiedema treatment, including methylpred-
nisolone (250 mg), which was given the same day, and dexamethasone 
(8 mg) the next morning. Fluid infusion was administered at 25 mL/
kg/h, and antibiotic and analgesic treatments (Parol 1 g, tramadol 100 
mg) were also routinely given. A deep sedation was maintained with 
remifentanil 0.03-0.2 µg/kg/min, midazolam 0.01-0.1 mg/kg, propofol 
0.1-3 mg/kg/h, and dexmedetomidine 0.2-1 µg/kg/min. Gradual reduc-
tion of sedatives ensured the awakening of the patient around 24 
hours after the operation. Prophylactic antiemetic was administered 
to all patients. And all patients were ventilated with an O2–air mixture 
in Continious Positive Airway Pressure (CPAP) mode with no muscle 
relaxant. Preparation and extubation of patients were done together 
with the ear, nose, and throat (ENT) team the day after the operation. 
After the extubation process, patients were monitored in the PACU for 
1 hour with an O2 mask and room air and then transferred to the ward.

Statistical Analysis
Categorical data were given as numbers and percentages. Normally 
distributed numerical data were shown with mean and standard devi-
ation values. Kolmogorov–Smirnov test was used to test the normal 
distribution of numerical data. Student’s t-test was used to compare 
normally distributed numerical data. The frequencies of categori-
cal variables were compared with Pearson chi-square and Fisher’s 
exact test. A P-value below .05 was considered statistically signi"cant. 
Statistical analysis was performed using the Statistical Package for the 
Social Sciences Statistics software, version 21 (IBM Corp., Armonk, NY, 
USA).

Results

A total of 151 patient data, 73 oral intubation and 78 nasal intubation, 
were analyzed. The mean age of the patients in group O was 47 years, 
43 years in group N, and the mean ASA score was II in both groups. 
There was no statistical di$erence between groups regarding patients 
ages (P = .012). Of the patients in group O, 60 (82%) were male and 
13 (17%) were female. Of the patients in group N, 70 (89%) were male 
and 8 (10%) were female. The distribution of Mallampati scores of the 
patients was 38 (52%) in group O and 43 (55%) in group N (P = .97). 
The highest Mallampati scorewas seen in both groups (Table 1). 
Complications were seen in 11 patients (16%) in group O (6 bleeding, 
4 vomiting, 1 need for reintubation) and 15 patients (19%) in group N 
(6 bleeding, 7 vomiting, 2 need for reintubation). Complications are 
summarized in Table 2. The length of stay in the PACU in both groups 
was 24.9 hours (P = .92). No patient had to stay in the PACU longer. 
They received the same treatment during this time, and the amount 
of #uids given was not statistically di$erent (1246 mL in group O and 
1359 mL in group N, P = .14). The length of hospital stay was the same 
in both groups (7 days) (Table 1).

Arterial blood gas values of the groups are shown in Table 3, and no 
statistical di$erence was observed between the 2 groups in any mea-
surement period of pH, PO2, PCO2, BE, and lactate values (Table 3).

Discussion

Obstructive sleep apnea syndrome is a sleep disorder characterized 
by intermittent cessation or reduction of air#ow during sleep due to 
complete or partial obstruction of the upper airway. As in all cases of 
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TORS, it is important to determine an uneventful extubation strategy 
for the most common surgical procedure, uvulo palat ophar yngop lasty , 
and its modi"cation for OSA treatment.

Since 2011, when our TORS experience began, to avoid possible bleed-
ing and edema as well as tracheotomy, in all patients, we routinely 
used “planned extended intubation” for postoperative 24-48 hours, 
and extubation was performed 24-48 hours later in the PACU while 
patients were under deep sedation.

In these patients, cardiovascular disease is a common complication 
and/or a comorbidity,15 which has been associated with an increased 

risk of ischemic stroke as an independent of vascular risk factors.16 The 
incidence of perioperative cardiorespiratory complications is higher in 
patients with OSA.17 Thus, the OSA syndrome itself and its additional 
comorbidities are associated with an increased risk of complications 
from procedures involving sedation or anesthesia. In addition, head 
and neck surgery is associated with higher complication rates during 
and immediately after planned extubation compared to other elective 
surgeries.18

Due to the unique di%culties of robotic surgery, surgical team and 
anesthesia team have to share the same anatomical area in treatment 
of OSA that makes the procedure more complex. It is necessary to 
perform a comprehensive preoperative examination and to plan the 
entire preoperative and postoperative process in advance. This plan-
ning process should be done together with the anesthesia and otolar-
yngologist. Patients should be fully informed about the procedure and 
possible complications that mostly (>80%) occur in the "rst 24 hours 
after the operation.17

In an observational study conducted in patients with sleep apnea, the 
deterioration in sleep was found at the highest level on the "rst post-
operative night, and it was determined that (REM) sleep improved on 
the third postoperative night.19 Therefore, careful monitoring is very 
critical in these patients, especially in the early postoperative period.

Factors such as increased volume of soft tissue surrounding the upper 
airway are associated with a higher risk of apnea.20 Vascular volume 
increase in the neck, i.e., rostral #uid shift, may increase upper airway 
obstruction. This has been demonstrated experimentally by vasocon-
striction and vasodilation.21,22

Another important factor is patient position. It is known that the 
supine position worsens upper airway obstruction, and it is safer to 
keep these patients in an upright or semi-upright position during post-
operative period, unless contraindicated by the surgical team.23

In addition to the position, this is the reality underlying restrictive #uid 
therapy and targeted strategy for antiedema therapy and antiemetic 
therapy. We have been using a restricted #uid regime (25 mL/kg/h) and 
routine antiedema and antiemetic treatment in OSA cases from the 
beginning. The fact that urine outputs were not recorded is a limiting 
situation for our study.

During the intensive care processes of these patients, the main goal 
is to achieve a controlled and safe extubation. The ASA, the American 
Academy of Sleep Medicine, and the Society of Anesthesiology and 
Sleep Medicine have issued guidelines24 on this subject.

Besides the many advantages of TORS, the most important disadvan-
tage is that the mouth opening is narrow for the robot’s endoscopes 
and instruments.25 For this reason, nasal intubation is often pre-
ferred.26 Thus, the surgical "eld is relieved. In addition, a safer peri-
operative process is aimed without the need for invasive procedures 
to "x the tube.27

It is also known that the probability of otitis media with e$usion 
increases, especially in nasally intubated patients.28 In nasotracheal 
intubation, the development of sinusitis has been associated with an 
in#ammatory response due to the presence of the tube. Sinus infec-
tion is common, with sinus e$usion being more common with intuba-
tion for a few days.29,30

Besides the abovementioned facts, concerns about the increased 
possibility of leakage caused by choosing a small nasal tube diam-
eter, increased peak pressures, and the risk of hypercarbia and 
even hypoxia with insu%cient ventilation all together de"ned our 

Table 1. Demographic and Follow-Up Findings
Group O 
n = 73  

(mean ± SD)

Group N 
n = 78  

(mean ± SD) P
Age (years) 47 ± 8.7 43.6 ± 8 .012
Gender n (%) .240
 1 (male) 60 (82.2) 70 (89.7)
 2 (female) 13 (17.8) 8 (10.3)
ASA 73 (100) 78 (100)
Mallampati score n (%) .974
 1 23 (31.5) 22 (28.2)
 2 38 (52.1) 43 (55.1)
 3 8 (11) 9 (11.5)
 4 4 (5.5) 4 (5.1)
Complication 12 (16.5) 15 (19.2) .476
PACU 24.9 ± 3.8 24.9 ± 4.6 .928
Total crystalloid (mL) 1246.6 ± 441.9 1359 ± 497.1 .145
Length of stay (days)° 7.1 ± 1.3 7.1 ± 1.4 .810
ASA, American Society of Anesthesiologists scores; PACU, postoperative 
intensive care unit.

Table 2. Complications
Group O Group N

Bleeding (n) 6 6
Vomiting (n) 4 7
Reintubation (n) 1 2

Table 3. Blood Gas Values
Group O Group N P

pH
 First bedtime 7.35 ± 0.08 7.35 ± 0.08 .713
 12 hours later 7.36 ± 0.07 7.36 ± 0.07 .843
 Before extubation 7.4 ± 0.06 7.4 ± 0.06 .951
PO2

 First bedtime 124.1 ± 42.2 122.2 ± 42.9 .792
 12 hours later 110.4 ± 34.2 111.9 ± 34.8 .783
 Before extubation 107.5 ± 26.1 108.4 ± 26.8 .841
PCO2

 First bedtime 47.2 ± 12.4 47.5 ± 12.5 .886
 12 hours later 45.4 ± 8 43.9 ± 7.6 .261
 Before extubation 40 ± 5.8 39.1 ± 7.3 .393
BE
 First bedtime 0.2 ± 1.8 0.08 ± 1.8 .597
 12 hours later 0.6 ± 1.7 0.5 ± 1.7 .644
 Before extubation 0.9 ± 1.7 −0.1 ± 7 .208
Lactate
 First bedtime 1.5 ± 0.5 1.5 ± 0.5 .954
 12 hours later 2 ± 0.6 1.9 ± 0.6 .872
 Before extubation 2 ± 0.6 2.1 ± 0.6 .919
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anesthesia strategy at the beginning. Therefore, in the "rst years of our 
experience, we performed a nasal intubation in the operating room 
with a larger-diameter oral intubation before transferring the patients 
to the PACU at the end of the operation. Believing that we provide a 
safer ventilation strategy by replacing nasotracheal tube with a larger 
orotracheal one. In a patient who had to be reoperated due to bleed-
ing occurring in the early postoperative period, it was observed that 
switching to oral intubation aggravated the di%cult intubation condi-
tions. After this experience, we changed our strategy and started to 
keep the nasotracheal tube in place postoperatively.

Close monitoring of the ventilation quality of these patients is essen-
tial. When quantitative assessment is required, arterial blood gas 
measurement provides the most precise measure of ventilation. In 
our retrospective evaluation, we found that there were no di$erences 
in arterial blood gas values in both groups during any measurement 
period between the 2 groups. In addition, we have never encountered 
results such as acidosis, hypercapnia, and hypoxia. These results sug-
gested that tube replacement is not necessary in line with the stan-
dards in the PACU treatment process.

The demographic data of the patients were almost the same in the 2 
groups. The male population was 82%. Contrary to the prediction that 
these patients had high Mallampati score values, it was only around 
5% with 4 patients in Group O and Group N. We think that the reason 
why the complication rates and distributions are the same is that the 
PACU treatment process was the same in both groups and the opera-
tion was performed by the same surgical team.

In conclusion, TORS needs experienced and collaborative ENT and 
anesthesia teams, and careful preoperative, perioperative, postopera-
tive follow-up is essential. Our results support that nasotracheal intu-
bation is a safe method and orotracheal intubation is not neccessary 
at the end of the operation. We believe that our study will contribute 
to the management of the early postoperative process in this patient 
group.
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