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Background: Juvenile-onset recurrent respiratory papillomatosis (JORRP) is a severe pediatric condition requiring frequent surgical
interventions to maintain airway patency. Managing oxygenation during tubeless anesthesia for these surgeries poses significant
challenges. In 2021, our center introduced transnasal humidified rapid-insufflation ventilatory exchange (THRIVE) as a novel method
for airway management in JORRP surgeries. This study evaluated the impact of THRIVE on perioperative outcomes in pediatric
JORRP surgeries.

Methods: This was a retrospective study of 122 pediatric JORRP surgical cases carried out at a tertiary center. Patients who
underwent surgery prior to the implementation of THRIVE served as the control group (pre-THRIVE), while those treated after its
introduction served as the intervention group (post-THRIVE), with 61 patients in each group. Perioperative data, including surgery and
anesthesia parameters and extubation frequency were collected.

Results: A total of 122 patients were included. Baseline characteristics were comparable between groups. After the introduction of
THRIVE, the median number of extubations significantly decreased from a median 3 in the pre-THRIVE group to 1 in the post-
THRIVE group (P <0.001). Minimum intraoperative SpO, levels were significantly higher in the post-THRIVE group (98% vs 85%,
P <0.001). Surgery duration was reduced from 41 minutes to 35.5 minutes (P =0.003), and anesthesia duration decreased from
67 minutes to 58.5 minutes (P =0.016). No significant differences were observed in PACU stay length or complications between the
groups.

Conclusion: The implementation of THRIVE in pediatric JORRP enhances intraoperative efficiency and safety. Further research is
warranted to assess its long-term effect.
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Introduction

Juvenile-onset recurrent respiratory papillomatosis (JORRP) is a rare yet challenging pediatric condition caused by
human papilloma virus infection, characterized by the recurrent growth of benign papillomas in the respiratory tract,
leading to progressive airway obstruction, dysphonia, and potentially life-threatening respiration complications.'™
Surgical removal of these papillomas remains the cornerstone of treatment, aiming to maintain airway patency and
alleviate symptoms.” However, the primary challenge in JORRP surgery is effectively managing a shared airway between
the surgeon and the anesthesiologist. Achieving an unobstructed surgical field frequently necessitates tubeless airway
management, placing considerable responsibility on anesthesiologists to ensure adequate oxygenation and ventilation.®’

Pediatric patients further compound this challenge due to their higher oxygen consumption and lower functional residual
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capacity, making them particularly susceptible to rapid desaturation. Additionally, repeated extubation and reintubation
during surgery not only disrupts the surgical process but also increase the risk of airway injury.

Traditional airway management techniques used during JORRP surgeries, such as controlled ventilation, spontaneous
breathing, and intermittent apneic techniques, have been the mainstay approaches for maintaining oxygenation and
ventilation.* '' However, there is no consensus on the optimal airway strategy in shared airway management. Recently,
transnasal humidified rapid-insufflation ventilatory exchange (THRIVE) has emerged as an innovative and effective
approach to airway management in pediatric patients.'>'* THRIVE delivers continuous high-flow humidified oxygen via
nasal cannula, enabling apneic oxygenation, extending safe apnea durations, and enhancing surgical access without the
need for frequent airway manipulations.

In a prior study conducted at our center, we evaluated the efficacy of THRIVE in JORRP surgeries through
a randomized controlled trial, which demonstrated a significant improvements in oxygenation, fewer desaturation events,
and short operative and anesthesia times.” To further expand on these findings, we analyzed intraoperative airway
management data by retrospectively comparing surgeries conducted before the adoption of THRIVE, which relied on
traditional techniques, to those performed after its implementation. This study aims to provide a comprehensive
comparison of these two approaches, offering insights into the clinical advantages of THRIVE and its role in optimizing
anesthesia strategies for challenging pediatric population.

Materials and Methods

This was a retrospective study conducted at Beijing Tongren Hospital, a tertiary referral center, and approved by the
institutional review board of Beijing Tongren Hospital. This study adhered to Declaration of Helsinki principles.
THRIVE was introduced for airway management during JORRP surgeries by the authors in 2021. Patients aged below
12 years who underwent JORRP surgeries between January 2019 and May 2024 were included and divided into two
groups based on the timing of their surgeries: the pre-THRIVE (January 2019 to November 2021) and the post-THRIVE
group (June 2022 to May 2024). The time gap between these periods (November 2021 to June 2022) corresponds to the
initial implementation phase of THRIVE and the conduct of a randomized controlled trial at our center. Patients treated
during this phase, as well as those with a tracheostomy, were excluded from the study. Written informed consent of the
parents was obtained from all patients before study commencement. A total of 61 consecutive cases were included in
each group to ensure comparability. Data were extracted from the hospital’s electronic anesthesia records, including
patients demographics, anesthesia and surgery durations, intraoperative vital signs and PACU parameters. The number of
extubations during surgery was determined by reviewing intraoperative video recordings.

Induction of Anesthesia

Prior to anesthesia induction, a variety of endotracheal (ET) tube sizes (ranging from 2.5 to 6.0 mm), along with stylets,
tracheostomy trays, cricothyroidotomy tools, and resuscitation equipment, were prepared in the operating room to ensure
readiness. A laryngologist with significant expertise was present to address any complications, such as failed intubation
or progression from partial to complete airway obstruction caused by muscle relaxation or papilloma prolapse during the
induction process. Preoxygenation was performed, and intravenous access was secured, followed by the administration of
atropine (0.015 mg/ mg, maximum 0.5 mg) to minimize secretions. Induction was initiated either by inhalation or
intravenous administration methods, depending on the patient’s cooperation and the degree of airway obstruction.

For inhalation induction, 8% sevoflurane with oxygen at a flow rate of 8 L/min was used initially, then adjusted to
4%, ensuring spontanecous breathing was maintained throughout. Temporamandibular relaxation signaled readiness for
intubation. In the case of intravenous induction, fentanyl (2 pg/kg) and propofol (2-3 mg/kg) were given, followed by
succinylcholine (1.5-2 mg/kg) once controlled ventilation via a mask was verified as feasible. Intubation was conducted
carefully, with tube size chosen based on either the glottis vera diameter seen under laryngoscopy or, when visibility was
limited, on preoperative airway assessments and patient age. After successful intubation, cisatracurium (0.2 mg/kg) was
administered. General anesthesia was maintained using continuous infusion of remifentanil and Propofol, with bolus
adjustments applied at the anesthetist’s discretion.

648 https: Therapeutics and Clinical Risk Management 2025:21



Lei et al

Airway Management Methods

After initial debulking, tubeless anesthesia was implemented to facilitate the removal of residual papilloma fragments
from the hypopharynx and trachea. Following brief hyperventilation to achieve an SpO, of 100% and a PgrCO, of 30 to
33 mmHg, the tracheal tube was removed to optimize surgical exposure.

In the pre-THRIVE group, patients remained apneic without oxygen supplementation during the tubeless period.
When SpO, dropped to 90%, the anesthesiologist alerted the surgeon to pause the procedure. The tracheal tube was
reinserted, connected to the anesthesia machine, and manual ventilation was administered to rapidly restore oxygenation.
Once SpO, stopped decreasing and began to rise, reaching 85%, mechanical ventilation was initiated with increased
frequency to facilitate hyperventilation and carbon dioxide clearance. When oxygen saturation returned to 100% and Pgt
CO, levels decreased to 30-33mmHg, the tracheal tube was removed again, and surgery resumed. This cycle was
repeated as needed until the procedure was completed.

In the post-THRIVE group, oxygen was continuously delivered via an Optiflow™ (Fisher & Paykel Healthcare)
system at a weight-adjusted flow rate (515 kg, 2 L/kg/min; 15-30 kg, 35 L/min; 30-50 kg, 40 L/min; >50 kg, 50 L/min)
with an FiO, of 1.0. Due to concerns about the risk of airway fires, carbon dioxide lasers were avoided, and
a microdebrider was used instead. Patients were positioned in a “sniffing” posture, and a suspended laryngoscope placed
to meet surgical requirements.

All procedures were performed under suspension microlaryngoscopy using microdebriders. No CO2 lasers were used
in either group. At the end of the surgery, all patients were returned to mechanical ventilated and extubated under
standard monitoring. Postoperatively, all patients were transferred to the PACU and routinely received supplemental

oxygen at 2L/ min via nasal cannula.

Statistical Analysis Method

Data were analyzed using SPSS software version 22.0. Categorical variables were presented as frequencies and
percentage, while continuous variables were described using median and interquartile range or mean and standard
variation as appropriate. Categorical variables were compared between patients in two groups using Fisher’s exact test
and continuous variables were compared with Wilcoxon rank sum test. Vital signs comparisons at each time point
between the groups were initially assessed with repeated measures ANOVA, followed by simple effects analysis for
interactions that were statistically significant. All tests were two-sided, and a p value < 0.05 was deemed statistically

significant.

Results
A total of 122 patients who underwent JORRP surgery were included in this retrospective study, with 61 patients in the
control group (pre-THRIVE) and 61 patients in the THRIVE group (post-THRIVE implementation). The baseline
characteristics of both groups were comparable, as shown in Table 1. The majority of patients were classified as ASA
III in both groups (73.8% pre-THRIVE vs 60.7% post-THRIVE, P=0.37). The median age of disease onset was 2 years
for the pre-THRIVE and 1 year for post-THRIVE group, with no significant differences (P=0.19). Both groups had
a median of over 10 operations. Dyspnea grades II and III were present in approximately 60% of patients in both groups.
Additionally, severe airway obstruction (> 50%) was observed in 77% of pre-THRIVE patients and 82% of post-
THRIVE patients.

Post-THRIVE implementation resulted in a significant reduction in the number of extubations, decreasing from
a median of 3 to 1 (P<0.001). The THRIVE group exhibited significantly higher intraoperative minimum SpO, levels
compared to the control group (98% vs 85%, P< 0.05). The average surgery duration in the post-THRIVE group was
significantly shorter compared to the pre-THRIVE group (35.5 minutes vs 41 minutes, P=0.003; Table 2), and the
anesthesia duration was also significantly reduced in the post-THRIVE group than in the pre-THRIVE group (58.5 min-
utes vs 67 minutes, P=0.016; Table 2). The intraoperative maximum heart rate decreased slightly from 121.9 bpm in the
pre-THRIVE group to 113 bpm in the post-THRIVE but without statistical significance (P=0.25). SpO, upon arrival at
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Table 1 Demographic Data by Pre-THRIVE vs Post- THRIVE Implementation

Pre-THRIVE Post-THRIVE P

Patients characteristics
Number 6l 6l
Sex (female) 30 (49.2%) 26 (42.6%) 0.48
Age, years 6.8 (2.9) 6 (2.6) 0.44
BMI 21.8 (7.9) 20.0 (5.3) 0.34
ASA 0.37

I 16 (26.2%) 24 (39.3%)

n 45 (73.8%) 37 (60.7%)
Age of disease onset, years 2[1,34] 1 [1,3] 0.19
Total number of operations, n 11 [4,27] 13 [4,29] 0.62
Dyspnea degrade, n (%)
| 19 3I.1) 24 (39.3%) 0.32
Il 37 (60.7) 33 (54.1%) 0.19
11l 5(82) 4 (6.6%) 0.88
Induction characteristics
Difficult in mask ventilation, n 20 (32.8%) 24 (39.3%) 0.65
Intravenous induction, n 41 (67.2%) 37 (60.6%) 0.29
Cormack-Lehane grade
| 8 (13.1%) 9 (14.8%) 0.87
Il 15 (24.6%) 12 (19.7%) 0.69
11l 23 (37.7%) 29 (47.5%) 0.33
v 15 (24.6%) Il (18.0%) 0.26
Upper airway obstruction
50-90% 28 (45.9%) 22 (36.1%) 0.28
>90% 19 (31.1%) 28 (45.9%) 0.46
Operative characteristics
Papilloma involvement, n
Supraglottic 61 (100%) 61 (100%) 1.00
Glottis 61 (100%) 61 (100%) 1.00
Bronchus or lung 16 (26.2) 18 (29.5%) 0.79

Note: Data are presented as number (proportion), mean (standard deviation) or median median
[interquartile range].

Abbreviations: THRIVE, Transnasal humidified rapid insufflation ventilatory exchange; BMI, body
mass index; ASA, American society of anesthesiologists;

Table 2 Intraoperative Data by Pre-THRIVE vs Post- THRIVE

Pre-THRIVE Post-THRIVE P-value

Number 6l 6l

Number of extubations 3 [2,3] I [1,1] <0.001
Minimum SpO2 85 [80,89] 98 [92,99] 0.018
Surgery duration 41.0 [34.0,57.0] 35.5 [20.7,39.3] 0.003
Anesthesia duration 67.0 [55.0,83.0] 58.5 [46.7,64.0] 0.016
Intraoperative maximum HR, bpm 121.9 (16.0) 113.0 (18.6) 0.25
Arrived at PACU SpO2, % 98 [95,99] 98 [96,99] 0.48
PACU stay length, min 41.0 (19.2) 33.2 (18.1) 0.65
Airway complications 0 (0.0%) 0 (0.0%) 1.000

Note: Data are presented as number (proportion), mean (standard deviation) or median median [interquartile
range].

Abbreviations: THRIVE, Transnasal humidified rapid insufflation ventilatory exchange; SpO2, percutaneous
oxygen saturation; HR, heart rate; PACU, post-anesthesia care unit; bpm, beats per minute.
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Figure | Perioperative vital signs before induction (T0), after induction (T1), surgery began (T2), 5 minutes after surgery started (T3), 10 minutes after surgery started (T4),
20 minutes after surgery started (T5), 30 minutes after surgery started (T6), at the end of surgery (T7), during post-anesthesia care unit (T8), | day post surgery (T9). (A)
mean arterial pressure (MAP); (B) heart rate (HR).

PACU and the PACU stay length was similar between two groups. No significant difference between two groups in vital
signs (Figure 1). Additionally, no airway complications were observed in either group.

Discussion

Our study showed that after the implementation of THRIVE, anesthesia and surgery durations were significantly reduced,
the maximum drop in intraoperative oxygen saturation was minimized, and the frequency of extubations decreased in
pediatric JORRP surgeries. These findings demonstrated the value of this technique in improving procedural efficiency
and intraoperative safety.

JORRP is a severe pediatric disease characterized by repeated growth of papillomas in the respiratory tract,”'’
necessitating frequent surgical interventions to maintain airway patency and function.®'® The standard approach involves
surgical debulking under suspension microlaryngoscopy, performed under general anesthesia, where a tubeless airway
becomes essential for accessing the hypolarynx or intratracheal lumen. Various oxygenation strategies, such as sponta-
neous ventilation, mechanically controlled ventilation, apneic intermittent ventilation, and jet ventilation, have been
utilized during suspension interventional microlaryngoscopy.'®'”"'® However, each method has its limitations.
A retrospective review of 1093 microlaryngoscopy procedures identified significant risks associated with jet ventilation,
including laryngospasm, barotrauma and pneumothorax, making apneic intermittent ventilation a safer option.'"!”
Spontaneous ventilation is increasingly preferred in pediatric shared airway surgeries, however, striking a balance
between maintaining spontaneous breathing and achieving adequate anesthesia depth during such procedures remains
challenging, as both insufficient and excessive anesthesia can lead to complications such as laryngospasm, bronchos-
pasm, hypoxemia and hypercarbia. Humphreys et al proposed nasal high-flow oxygen delivery combined with sponta-
neous breathing as a promising alternative for tubeless airway assessment in children with abnormal airways,® however,
their method lacked continuous end-tidal CO, monitoring, limiting its ability to detect hypercarbia. Bo et al’ reported
a 10.3% failure rate for spontaneous ventilation, even though the majority of children only suffered from grade
I laryngeal obstruction. In our center, which is a national tertiary care center that specializes in otolaryngology, most
children with JORRP suffer grade II or III laryngeal obstruction, and apneic intermittent ventilation is commonly used
during surgery. However, a definitive consensus on the most effective airway management strategy for JORRP surgeries
has yet to be established.

THRIVE has consistently demonstrated effectiveness in prolonging apnea duration and maintaining oxygenation
across various studies.?” Humphreys et al' reported that THRIVE doubled the expected apnea duration in children.
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Similarly, our prior study also observed a 5-minute increase in safe apnea time compared to conventional methods. In
pediatric populations, where higher oxygen consumption and lower functional residual capacity increase the risk of
desaturation, THRIVE has shown particular promise. Huang et al and Riva et al emphasized its efficacy in maintaining
oxygenation during shared airway surgeries in children, significantly lowering the risk of hypoxemia.'**' Former studies
have also highlighted THRIVE’s role in minimizing severe desaturation events and hypoxemia-related complications,
consistently maintaining SpO, levels above 90% during apneic procedures.'?**** Consistent with these findings, our
study showed that in the post-THRIVE group, the minimum SpO, significantly improved to 98%, compared to 85% in
the pre-THRIVE group. However, despite its oxygenation advantages, THRIVE dose not facilitate carbon dioxide
clearance.”! PaCO, levels may rise by 2.4—4.1mmHg/min during apnea, which poses a significant concern in prolonged
procedures. And its efficacy may be reduced in cases with significant nasal or upper airway obstruction.”*

In addition, THRIVE significantly reduced the frequency of extubations, with the median number decreasing from
three in the pre-THRIVE group to just one in the post- THRIVE group. This reduction ensures smoother surgical flow
and minimizes airway trauma caused by repeated intubation. Moreover, fewer extubations help mitigate the risk of
downward dissemination of papillomas, a critical concern in JORRP patients, which may result from mechanical
irritation caused by endotracheal tubes. Waters et al** similarly observed that THRIVE minimized the need for rescue
ventilation in 95% of cases, allowing uninterrupted surgical procedures and reducing airway manipulation. Furthermore,
repeated reintubation in the pre-THRIVE group may have hindered surgical assessment and increased the risk of airway
edema. This was largely avoided with uninterrupted tubeless conditions in the post-THRIVE group, highlighting
a clinical advantage of the technique.

Our study also revealed that both surgery and anesthesia durations were significantly reduced in the post-THRIVE
group, underscoring the efficiency introduced by this technique. This finding is particular significant for children with
JORRP. Substantial evidence suggests that repeated or prolonged anesthesia exposure in early childhood may have
detrimental effects on neurodevelopment.”> The US FDA has issued warnings based on preclinical and epidemiological
studies, indicating that exposure to general anesthesia during critical periods of brain development- particularly under 3
years- can impair synaptogenesis and neuronal maturation.’®>° Clinical research further supports these concerns,
demonstrating associations between multiple anesthesia exposures and increased risk of cognitive deficits, behavioral
disturbances, and delayed neurodevelopment.*** This issue is particularly relevant for JORRP patients, whose median
age of onset is approximately 1 years, these children often require dozens of surgical interventions throughout childhood,
leading to cumulative anesthetic exposure at a time when their brains are most vulnerable. By reducing both anesthesia
and surgical duration, THRIVE may help mitigate these risks by limiting the total exposure to anesthetic agents,
potentially improving long-term neurodevelopmental outcomes. Although no significant difference in PACU stay was
observed in our study, the post-THIRVE group exhibited a trend toward shorter stays, with a reduction of nearly
10 minutes compared to the pre-THRIVE group. However, our study did not include long-term follow-up to assess
neurodevelopmental outcomes, further research with larger sample sizes and longitudinal design is warranted to evaluate
the long-term benefits of THRIVE, particularly in reducing the risks associated with repeated anesthesia exposure in
pediatric populations such as those with JORRP.

Our study has several limitations. First, the retrospective design inherently limits the ability to control for confound-
ing factors. Second, while this study demonstrates significant intraoperative benefits, we did not evaluate long-term
outcomes. In addition, the study was conducted at a single tertiary center with which may limit the generalizability of our
findings.

In conclusion, the use of transnasal humidified rapid-insufflation ventilatory exchange in pediatric JORRP surgeries
reduced anesthesia and surgery durations, decreased the frequency of extubations, and minimized the maximal drop in
oxygen saturation during the procedure. Further studies are warranted to evaluate its long-term effects on clinical
outcomes.
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