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Morbidly obese patients tend to desaturate faster than 

non-obese patients due to decreased functional residual 

capacity, increased O2 consumption, and increased shunt 

flow [1]. Airway management is more challenging in mor-

bidly obese patients because of the likelihood of a difficult 

airway [2]. 

Transnasal Humidified Rapid Insufflation Ventilatory Ex-

change (THRIVE) has been widely used outside of the op-

erating room, but its use in the operating room is now also 

increasing [3]. Optiflow® (Fisher & Paykel Healthcare, New 

Zealand), a new commercial THRIVE device, supplies 

warmed, humidified, high flow O2 (~70 L/min) through a 

nasal cannula. It can be applied over the entire range of 

anesthesia, from preoxygenation [4,5] to post-extubation 

[6]. Optiflow® can also be safely applied in morbidly obese 
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Background: Transnasal Humidified Rapid Insufflation Ventilatory Exchange (THRIVE) is 
used to improve oxygenation, with the added benefit of a smaller increase in CO2 if self-res-
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nasal cannula is limited in situations such as epistaxis or a basal skull fracture. 
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ther studies are needed. 
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patients [7] to improve oxygenation and respiratory me-

chanics. 

Despite the benefits of THRIVE, the use thereof through 

a nasal cannula is limited in situations such as nasal ob-

struction, epistaxis, and recent nasal trauma or surgery [8]. 

And in the case of steroid injection into the region of sub-

glottic stenosis as adjunctive treatment after dilatation [9], 

the transoral approach with rigid laryngoscope is limited 

due to severe gag reflex. 

Therefore, the transnasal approach is commonly per-

formed with a laryngoscope with a flexible working chan-

nel. The transnasal approach may limit O2 supply through 

a nasal cannula. In such cases, O2 can be supplied through 

the oral route. We experienced a morbidly obese patient 

who received serial transnasal steroid injections due to 
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subglottic stenosis using a standard facial mask and 

THRIVE through the oral route under general anesthesia 

with spontaneous breathing. We report our experience and 

introduce the use of THRIVE through the oral route as an 

alternative for supplying O2. 

CASE REPORT 

This study was approved by the Institutional Review 

Board of Soonchunhyang University Bucheon Hospital 

(IRB No. 2020-02-026-001). And written informed consent, 

included the consent to publish images, was obtained from 

the patient in this study.

The patient was a 37-year-old man (148 kg, 183 cm, body 

mass index [BMI] 44.2 kg/m2) with a history of tracheosto-

my due to hypertensive intracranial hemorrhage that oc-

curred 4 years ago. He was diagnosed with grade I tracheal 

stenosis above the tracheostomy site 2 years ago. Despite 

conservative treatment, dyspnea developed and the patient 

underwent endoscopic tracheal dilatation under general 

anesthesia. Baseline peripheral capillary O2 saturation 

(SpO2) was 94% and Cormack-Lehane grade was 3 at the 

time of intubation. Surgery was performed using the inter-

mittent apnea technique with extubation, and a total of six 

apnea events occurred, with a mean duration of apnea was 

147 s. The lowest SpO2 was 64%, and SpO2 recovered to 96–

98% after manual ventilation via endotracheal tube. The 

patient had been treated conservatively after balloon dila-

tation with portable O2 at home. Dyspnea worsened again 

1 year ago, despite O2 therapy, and serial fiberoptic steroid 

injections to the subglottic stenosis site were planned. In 

our hospital, fiberoptic steroid injections are usually per-

formed according to the following steps. Topical anesthesia 

at nostrils is followed by sedation, applied by surgeon. The 

fiberscope is inserted through the nostril, and the glottis 

and lesion are sprayed with additional local anesthetics. 

Then, the lesion is injected with steroid. The otolaryngolo-

gist consulted us for safe sedation and monitoring due to 

the possibility of emergency caused by airway edema or 

airway obstruction. Considering the patient’s general con-

dition, symptoms, and experience of previous surgery, we 

decided to perform the operation under general anesthesia 

with spontaneous breathing in preparation for airway ma-

nipulation, because general anesthesia using the intermit-

tent apnea technique could limit the view of surgical field 

and damage the larynx and subglottic lesions. 

On entering the operating room, the patient was placed 

in a 30° sitting position for the first steroid injection. Stan-

dard American Society of Anesthesiologists monitoring 

(non-invasive blood pressure [NIBP], electrocardiogram, 

and SpO2) and bispectral index (BIS) monitoring were ap-

plied. The baseline vital signs were as follows: BP, 105/52 

mmHg; heart rate (HR), 66 beats per minute (beats/min); 

SpO2, 95%. Oxygenation was applied at 6 L/min O2 through 

a standard facial mask. End-tidal CO2 (EtCO2) was moni-

tored continuously by capnography to confirm self-respira-

tion. Dexmedetomidine was used for sedation. After deliv-

ering a loading dose of 1 μg/kg over 10 min, continuous in-

fusion of 0.6 μg/kg/h was maintained. During infusion of 

the loading dose, the EtCO2 level decreased gradually until 

apnea was induced. An oral airway was inserted and the 

jaw-thrust maneuver was applied to maintain airway pa-

tency and support self-respiration. After confirming that 

the patient was unresponsive to verbal commands and tac-

tile stimulus, the surgery was started while self-respiration 

was maintained. The surgeon requested lowering of the fa-

cial mask so that it would not interfere with the procedure 

and applied topical anesthesia by packing gauze soaked 

with Bosmin® (0.1% epinephrine) and Beracaine® (10% li-

docaine) into both nostrils. The fiberscope was passed 

through the nostril to access the glottic and subglottic le-

sions, and additional 2% lidocaine was sprayed around 

glottis and lesions, and 3 ml of tamcetone® (Triamcinolone 

40 mg/ml) was then injected. The procedure was interrupt-

ed by bag-valve-mask ventilation because SpO2 fell to 86%. 

After ventilator assistance for 117 s, SpO2 recovered to 96%. 

During surgery, HR remained within 20% of the baseline, 

but BP increased by more than 20% of the baseline. How-

ever, systolic BP remained below 160 mmHg, so no addi-

tional drug administration was necessary. The value of BIS 

was maintained between 55 and 80. The total surgery time 

was 20 min and the total anesthesia time was 40 min. The 

patient was discharged after 1 day of monitoring in the In-

tensive Care Unit (ICU), without dyspnea or complications. 

Dyspnea improved noticeably, but on physical examina-

tion, grade II subglottic stenosis and stridor remained, thus 

necessitating a second steroid injection 1 month later. 

Based on our previous experience, we considered that 

there was a need to improve oxygenation during the proce-

dure, so we decided to apply Optiflow®. In the same man-

ner as in the first operation, the patient was placed in the 

30° sitting position, and standard American Society of An-

esthesiologists and BIS monitoring were applied. Baseline 

vital signs were as follows: BP, 102/58 mmHg; HR, 70 beats/
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min; and SpO2, 94%. O2 (100% warmed, humidified) was 

supplied through a nasal cannula at a rate of 30 L/min for 

preoxygenation. The patient tolerated this well, without 

any complaints. Dexmedetomidine was used for sedation 

at the same dose as before. Once the patient was uncon-

scious, the O2 flow rate was raised to 70 L/min. EtCO2 was 

monitored by placing the EtCO2 sampling line at the nostril 

next to the Optiflow® nasal cannula; however, a low value 

was obtained, so we could only confirm self-respiration by 

monitoring the shape of the waveform (Fig. 1A). Topical 

anesthesia was applied by packing gauze into both nostrils. 

This disturbed the O2 supply through the Optiflow® nasal 

cannula; therefore, we inserted an oral airway to maintain 

airway patency, and the Optiflow®  nasal cannula was 

transferred to the opening of the oral airway. The EtCO2 

line was also transferred to the opening of the oral airway, 

but it still showed a low value; thus, only the shape of wave-

form was monitored (Fig. 1B). SpO2 was maintained at 98–

100%, and no intervention, such as mask ventilation or jet 

ventilation, was required during surgery. Despite self-res-

piration, there was a drop in SpO2 to 86% (Fig. 1C) due to 

O2 leakage; the Optiflow® nasal cannula dislocated from 

the airway opening. After fixing the nasal cannula to the 

airway with plaster (Fig. 2), SpO2 immediately recovered to 

99% and no additional desaturation events occurred. The 

vital signs were stable within 20% of baseline. Additional 

bolus of midazolam was injected to prevent the event of 

awareness because the value of BIS was maintained be-

tween 70 and 79 when the procedure was performed; 1mg 

for oral airway insertion, 2 mg for gauze packing into both 

nostrils. During the operation, the value of BIS was well 

maintained between 35 and 50, and spontaneous breath-

ing was generally maintained well. The patient endured 

B

A

C

Fig. 1. (A) End-tidal CO2 (EtCO2) at nostril. (B) EtCO2 at oral airway. (C) Desaturation event.

Fig. 2. (A) Oral airway, (B) Optiflow nasal cannula, (C) EtCO2 sample 
line. EtCO2: end-tidal CO2.
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the surgical stimuli without coughing and movement 

throughout entire operation. The total operation time was 

15 min and total anesthesia time was 40 min. The surgeon 

had prepared jet ventilation because of the experience 

during the previous surgery, but ultimately did not use it; 

thus, the surgeon was highly satisfied with THRIVE. After 

the surgery, the patient was transferred to the ICU. Arterial 

Blood Gas Analysis (aBGA) was performed after arrival in 

the ICU; partial pressure of O2, 94 mmHg; partial pressure 

of CO2 (PaCO2), 49 mmHg; pH, 7.30; bicarbonate, 21.3 

mEq/L. The patient was discharged after 1 day of monitor-

ing without complications.  

DISCUSSION 

We confirmed the effectiveness of THRIVE through the 

oral route in a morbidly obese patient receiving steroid in-

jections due to subglottic stenosis. Some patients may be 

contraindicated for THRIVE through the nasal route, and a 

nasal cannula can prevent manipulation of the fiberscope 

during trannasal approach. In our case, it was impossible 

to supply O2 through a nasal route due to nasal packing, so 

we used the oral approach using an oral airway. Heard et 

al. [10] reported that oxygenation through a Ring-Adair-El-

wyn (RAE) tube placed in buccal region results in signifi-

cantly less desaturation in patients with a BMI of 30–40 kg/

m2. Achar et al. [11] reported that oxygenation through a 

nasopharyngeal catheter is better than through nasal 

prongs. These results were based on the distance from the 

O2 supply outlet to the laryngeal inlet being reduced, such 

that O2 was effectively delivered to the inlet [11]. In our 

case, high O2 flow might be delivered well by reducing the 

distance to the laryngeal inlet through the oral airway as 

mentioned above. Also there was a desaturation event oc-

curred due to dislocation of the THRIVE nasal cannula 

from the airway opening. Toner et al. [12] reported desatu-

ration due to obstruction of an RAE tube. Therefore, it is 

important to note that patency of airway and the O2 supply 

device must be maintained. 

EtCO2 monitoring is necessary to confirm self-respiration 

and CO2 accumulation. However, because EtCO2 monitor-

ing is limited when using THRIVE, alternative option for 

CO2 monitoring is essential. The rate of increase in EtCO2 is 

lower in the case of THRIVE with spontaneous breathing 

[13] than THRIVE with apneic oxygenation [14]. In our 

case, postoperative aBGA showed that PaCO2 was 49 

mmHg, which was not a significantly increase. Several 

studies have reported a difference between EtCO2 and 

PaCO2 over time when using THRIVE, but a good correla-

tion between PaCO2 and transcutaneous CO2 (tcCO2) has 

also been reported [14,15]. Therefore, it is reasonable to 

consider tcCO2 monitoring when using THRIVE. The lack 

of CO2 monitoring through tcCO2 may be limitation in our 

case. 

Our first attempt using a facial mask led to frequent de-

saturation events. However, our second attempt, using the 

THRIVE through the oral route, resulted in stable O2 satu-

ration. The effectiveness of our technique cannot be con-

firmed based on only one case. Thus, further investigations 

are needed to determine whether supplying O2 through the 

oral route using THRIVE is comparable to supplying O2 

through a nasal cannula. However, our experience demon-

strates the possibility of applying THRIVE through the oral 

route. 

In conclusion, THRIVE may be beneficial in morbidly 

obese patients undergoing upper airway surgery under 

general anesthesia with spontaneous breathing. As in our 

case, in cases where applying THRIVE through a nasal can-

nula is difficult, effective oxygenation can be achieved by 

application through the oral route. 
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