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Abstract

Objectives: To establish an optimized airway management process to improve preoperative lung dysfunction in obstructive

sleep apnea (OSA). Design: A retrospective case series study Setting: Tertiary university hospital in China Participants: The

study included 483 children (319 males and 164 females; 6y to14y years) with OSA who underwent an adenotonsillectomy from

November 2017 to December 2018. Main outcome measures: Children with OSA and who had abnormal airway function were

identified by lung function test, and the risk factors for abnormal lung function were assessed. Next, the children received

individualized atomization intervention based on the severity of their abnormal lung function, and the improvement in lung

function was evaluated. Results: Lung function tests revealed that 45 patients had obstructive ventilation dysfunction, and

histories of chronic cough or asthma were identified as risk factors for perioperative abnormal lung function. The FEV1%

pre exceeded 80% after 2 days of atomization intervention in 27 of 28 mild cases, 4 of 13 moderate cases, but in none of the

4 moderate-severe cases. After 4 days of atomization intervention, the FEV1%pre of the remaining 14 patients in the three

groups all increased up to 80%. Other indicators of lung function (e.g., FEV1/FVC% pre, MEF50% pre, MEF25% pre, and

MMEF% pre) were also greatly improved following the improvement of FEV1% pre. No perioperative airway complications

occurred. Conclusion: Prior to performing surgery on children with OSA and who have risk factors associated with abnormal

lung function, it is potentially beneficial to establish an optimized airway management process to improve lung function before

adenotonsillectomy. Keywords: Children, obstructive sleep apnea, airway management, lung function, surgical risk

Introduction

It has been reported that 6% of children with obstructive sleep apnea (OSA) experience perioperative com-
plications. The overall respiratory complication rate was found to be 2.4% and the breakdown was as follows:
laryngospasm/bronchospasm (0.6%), pneumonia (1.3%), postoperative lung edema (0.6%), and other respira-
tory complications (1.3%).[1,2] It is generally believed that the degree of preoperative pulmonary dysfunction
has a significant influence on the incidence of perioperative pulmonary complications. Adenotonsillar hyper-
trophy is the main cause of pediatric OSA, and it can directly lead to a decline in lung function.[3] When
accompanied by allergic rhinitis, bronchial asthma, and other airway inflammatory diseases, the decrease
of pulmonary function is more obvious.[4,5] Abnormal lung function can objectively reflect airway hyper-
responsiveness, which is associated with an increased risk for adverse airway events in children undergoing
surgery.[6] Furthermore, decreased lung function can increase the risk for lung infections caused by weakened
respiratory movements and obstructed airway secretions after an adenotonsillectomy.[7]

Perioperative airway management, including preoperative use of positive pressure ventilation, and/or difficult
intubation anesthesia implement mask ventilation, use of protective ventilation, morphine reserved strategy
and half sitting position, and close monitoring after surgery, can reduce lung complications, patient mortality,
readmission rates, and medical expenditures.[8-10 ] The current preoperative airway assessment of OSA pa-
tients focuses on whether it is a difficult airway, and there are few reports on whether preoperative pulmonary
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function assessment and intervention can effectively reduce perioperative complications in OSA patients. The
worse the preoperative pulmonary function, the more postoperative pulmonary complications.[11]Therefore,
it is beneficial to know how to avoid the risk for abnormal lung function so as to reduce the risk for air-
way complications associated with an adenotonsillectomy in children with OSA. This study was conducted
to screen pediatric OSA patients with abnormal lung function and to establish an optimized preoperative
airway management process that might promote a rapid improvement in lung function prior to surgery.

Materials and Methods

Patients

Patients or their parents who were unwilling to accept the airway management process or patients who were
unable to tolerate the lung function test were excluded. Patients with restrictive ventilatory dysfunction
(forced vital capacity<80% predicted, forced expiratory volume in 1 second/forced vital capacity[?]0.70)
were excluded because atomization therapy was not effective in improving restrictive ventilatory dysfunction.
Finally, a total of 483 children with OSA (319 males and 164 females; age range, 6 y to 14 y) who underwent
adenotonsillectomy were included in the retrospective study. All the children had a history of diverse
symptoms associated with OSA. They received standardized polysomnography (PSG) after admission. An
apnea hyponea index (AHI) [?] 2 events/hour or an obstructive apnea index (OAI)[?]1 event/hour was
defined as a diagnostic criterion of OSA.[12]Otolaryngologists evaluated the indication for adenoidectomy or
tonsillectomy according to the degree of adenoid and tonsillar hypertrophy in children with OSA.[13,14]

Clinical assessment

Each patient completed a questionnaire and underwent a clinical examination. The questionnaire contained
items concerning the patient’s history of chronic cough, history of wheezing, familial and personal allergic
history, history of asthma, as well as the subject’s use of current medications. Eosinophil counts were
determined by routine blood examinations and the reference value was 0.02-0.52 x 10/L. The fluoroenzyme
immunoassay (UniCAP® 100, Pharmacia Diagnostics AB, Uppsala, Sweden) was used to measure inhaled
allergen-specific IgE in serum. A positive test for specific IgE was defined as a value [?] 0.35 KU/L. We
defined obesity as a body mass index (BMI)[?] P95.[15]

Lung function test

A preoperative evaluation of lung function was performed, and the results were classified according to lung
function test guidelines issued by the Chinese Society of Respiratory Medicine.[16]Values were determined
for the percentage of predicted value of the forced expiratory volume in the first second (FEV1% pre),
percentage of predicted value of the ratio of forced expiratory volume in the first second (FEV1) to forced
vital capacity (FVC) (FEV1/FVC% pre), percentage of predicted value of maximal mid-expiratory flow
(MMEF% pre), and the percentage of predicted value of maximal mid-expiratory flow mid-expiratory flow
(MEF% pre). The FVC% pre is the main indicator of restrictive ventilatory dysfunction. The criterion for
obstructive ventilation disorder was a FEV1/FVC% pre value [?] 92% or a FEV1% pre < 80%, and the
criterion for small airway dysfunction was at least two values of MMEF% pre, MEF50% pre, and MEF25%
being lower than the lower limit of normal (LLN, 65%). The severity of ventilatory dysfunction was based
on FEV1% pre: mild (70%-79%), moderate (60-69%), moderate-severe (50%-59%), and severe (35%-49%),
and very severe (< 35%).[17]

Airway management process

An otolaryngologist together with an allergist conducted a preoperative airway evaluation and then estab-
lished an intervention process for each child with OSA based on their lung function test (Figure 1 ). In
brief, we screened out patients based on their lung function test for that general anesthesia with tracheal
intubation can elicit life-threatening bronchospasm in patients with bronchial hyperreactivity, and increased
airway responsiveness is associated with an enhanced risk for respiratory symptoms and accelerated decline
in FEV1.[18] Therefore, an abnormal FEV1% were considered as risk factor for airway complications. Pa-
tients with a FEV1% pre value < 80% were given the atomized drugs at different frequencies according to
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the severity of their abnormal lung function. Atomization inhalation of 1 mg budesonide, 0.25 mg iprat-
ropium, and 2.5 mg terbutaline was given twice a day to mild patients and three times a day to moderate
and moderate-severe patients. The exclusion criterion for preoperative airway risk was determined based on
the patient’s improvement in lung function after intervention.

Statistical analysis

All statistical calculations were performed using Graphpad Prism 7 software. The paired t test was used
to evaluate the statistical significance of differences in lung function index before and after atomization.
Categorical variables were compared using the Chi-squared test. Risk factors for abnormal lung function
were analyzed by multivariate logistic regression, and the OR value and 95% confidence interval (CI) for
each risk factor were calculated. P-values < 0.05 was considered to be statistically significant.

Results

Screening for abnormal lung function in children with OSA

We evaluated the lung function in 483 children with OSA, and then divided the patients with abnormal lung
function into mild, moderate and moderate-severe groups based on the severity of lung dysfunction (Table
1) .

Analysis of risk factors for abnor mal lung function in children with OSA

The Chi-squared test was used to assess risk factors for abnormal lung function in children with OSA. Our
results showed that the incidence of abnormal lung function among children with OSA was closely related
to a previous history of chronic cough (χ2=53.504, P¡0.001), wheezing (χ2=40.136, P¡0.001), familial allergic
diseases (χ2=4.073, P=0.044), and asthma (χ2=197.700, P¡0.001) (Table 2) . A multivariate logistic analysis
indicated that a previous history of chronic cough (P¡0.001) or a previous history of asthma (P¡0.001) were
independent risk factors for abnormal lung function in children with OSA(Table 3) .

Improvement of preoperative abnormal lung function after individualized airway intervention

To further improve abnormal lung function to prevent airway complications, we treated these patients with
individualized atomization intervention and tested lung function. Lung function tests showed that the
FEV1% pre values of the 45 patients were all increased up to 80% after atomization inhalation before surgery.
Among them, the FEV1%pre values of 27 mild patients and 4 moderate patients were increased up to 80%
after 2 days of atomization intervention, and FEV1%pre values of the remaining 1 mild patient, 9 moderate
patients and 4 moderate-severe patients all reached 80% after 4 days of atomization intervention (Figure
2A, B) . In addition, we also found that the indexes of lung function (e.g., FEV1%pre, FEV1/FVC% pre,
MEF50% pre, MEF25% pre, and MMEF% pre) in each patient with mild, moderate or moderate-severe lung
function obstruction were improved significantly after different frequencies of atomization inhalation(Figure
2C-F) .

Incidence of high-risk perioperative airway events

For patients with airway hyperresponsiveness, anesthetists took a series of measures based on assessment of
preoperative airway assessment such as atomization inhalation, reduced extubation and intubation irritation,
etc. Preoperative airway management continued after surgery until discharge. None of the children had acute
attack of asthma and bronchial hyperactivity events during the perioperative period, and no pulmonary
complications occurred after surgery.

Discussion

Synopsis

The continuity that exists between the upper and lower respiratory tracts means that inflammation in
those regions is rarely localized.[19] Inflammation or an obstruction in the upper airways of children with
OSA can cause mucosal inflammation of the lower respiratory tract, and affect a child’s lung function.[20,21]
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Moreover, a meta-analysis of complications associated with adenotonsillectomy in children showed that the
incidence of respiratory complications after a adenotonsillectomy in children with OSA was 5-fold higher
than that in children without OSA.[22]Therefore, it is potentially beneficial to establish a standardized
airway management process to reduce the incidence of perioperative airway complications in children with
OSA. As the beginning of perioperative airway management, a preoperative lung function test is important
for assessing the risks associated with anesthesia and the likelihood of lung complications after surgery.[23]

In our study, we optimized some airway management measures and first developed an airway management
process to improve preoperative lung function effectively. We found that nearly 10% of the children with
OSA had abnormal lung function by lung function test. Individualized interventions were applied for these
children and the results showed that FEV1% pre was greater than 80% in all patients after 2 days or 4
days of atomization inhalation which was given at different frequencies based on the severity of obstruction.
Meanwhile, histories of chronic cough and asthma were identified as risk factors for perioperative abnormal
lung function. We should pay attention to the patients with these risk factors and intervene with them
preventively as well, even if they had normal lung function.

Risk factors for lung dysfunction

A variety of risk factors are related to impaired lung function in children with OSA.[24,25] However, the
independent risk factors for lung function decline in pediatric OSA patients are unknown. We used 12
clinical indicators, including a patient history and lab test results in our risk factor analysis, and found that
histories of chronic cough and concomitant asthma were the independent risk factors for lung dysfunction
in children with OSA. Asthma and asthma-like symptoms, protracted bronchitis, and upper airway cough
syndrome were detected in order of frequency as the reason for chronic cough in children.[26]However, the
evidence for pediatric OSA as a cause of chronic cough is still ambiguous. An evaluation of children with
chronic cough and obstructive sleep apnea at a single medical center showed that the superposition of both
those factors on top of lower airway mucosal inflammation further damages lung function and aggravates
the pre-existing airway hyper-responsiveness.[27]Similarly, 31 of the 45 OSA patients with abnormal lung
function in our study also had asthma. Although none of those patients had recently had an acute asthma
attack, their poor lung function coupled with factors related to surgical stress caused us to believe that
sedatives would greatly increase the risk for an acute attack of asthma during the perioperative period.[28,29]

Von Ungern-Sternberg et al[30]demonstrated that an increased pediatric anesthetic risk for bronchospasm
was closely associated with a positive respiratory history of nocturnal dry cough and wheezing, or a family
history of asthma and atopy. In our study, wheezing and a family history of allergic diseases were associated
with decreased lung function in the univariate analysis, but were meaningless in the multivariate logistic
regression analysis. Wheezing is a common symptom of asthma, and asthma patients often have a family
history of allergic diseases.[31] We speculated that the collinearity between wheezing and a family history of
allergic diseases or asthma led to that result. Therefore, when children with OSA have these risk factors for
lung function decline (e.g., a history of chronic cough or concomitant asthma), special attention should be
given to providing them with the follow-up airway intervention to help ensure the safety of surgery.

Airway management process

The clinical treatment of obstructive ventilation dysfunction is mainly designed to improve airflow and re-
lieve smooth muscle spasms. Aerosolized inhalation, as the preferred drug delivery method for perioperative
airway management in children, can effectively improve abnormal lung function. In our study, we provided
combined atomization treatment with budesonide, ipratropium, and terbutaline to children with abnormal
lung function. The combination of budesonide and terbutaline synergistically increases bronchodilatation
and reduces airway hyper-responsiveness. Terbutaline can enhance hormone receptor sensitivity, and budes-
onide can promote the synthesis of β2 receptors on the airway cell membrane.[32]Ipratropium bromide, as a
cholinergic receptor blocking drug, has a strong effect on bronchodilatation and can effectively inhibit air-
way inflammation and improve the lung ventilation ability of patients. The combination of three aerosolized
drugs can rapidly improve lung function.[33] We treated our patients with different atomization frequencies
according to the severity of their obstructive ventilation dysfunction. An increase in the frequency of atom-
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ization exerts a greater superimposed effect on bronchial dilation on the basis of the last atomization, and
makes it easier for drugs to enter the lower airway to relieve an airway obstruction. In our study, we treated
mild patients with atomization twice a day and moderate or moderate-severe patients three times a day.
Our results showed that all the FEV1% pre improved up to 80% in these patients, irregardless of whether
the patients had mild, moderate or moderate-severe airway obstruction. However, we needed to spend more
time improving the FEV1% pre in moderate-severe group compared with mild group and moderate group.
Studies show that the inflammatory response of the respiratory mucosa and the neural reflex mechanism
can induce bronchial constriction that increases airway hyper-reactivity in patients with moderate-severe
OSA.[34] Therefore, we needed to pay greater attention to such patients and employ adequate measures to
improve their lung function. We also found that small airway dysfunction was present in 95.56% of patients
with abnormal lung function. Studies have shown that OSA may be an independent risk factor for small
airway diseases.[35]Although there is no gold standard for diagnosing small airway disease, we still need
attach importance to small airway dysfunction, because it is closely associated with poor asthma control,
acute exacerbation of asthma, and the severity of airway hyper responsiveness.[36]We found that small airway
function indicators such as MEF50% pre, MEF25% pre, and MMEF% pre, were all significantly improved
after 2 days of atomization inhalation intervention.

Conclusion

Preoperative airway evaluation and intervention are the first step in perioperative airway management.
In this study, we optimized some airway management measures, and further established a standardized
preoperative airway management process for use in children with OSA, which showed it could rapidly improve
abnormal lung function. In addition, patients with a history of chronic cough and asthma were more likely
to have decreased lung function and could be further assessed/treated due to the potential increased risk
for anesthesia. These results also suggest that for children who cannot complete lung function tests, if
they have risk factors for lung dysfunction or symptoms of abnormal respiratory tract, we can give them
preoperative atomization inhalation intervention to avoid possible perioperative airway adverse events. The
disadvantage of this study was that there was no historical control group because previous children with OSA
were not systematically examined for lung function before we established preoperative airway management
procedures. However, the case series study can act as a pilot for future studies to provide a reference for
preoperative standardized airway management.
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Table 1. Lung function in 483 pediatric OSA patients

Variables Cases (n) Percentage (%)

Normal lung function 438 90.683
Obstructive ventilatory dysfunction 45 9.317
Mild 28 6.393
Moderate 13 2.968
Moderate-severe 4 0.913

Table 2. Clinical characteristics of 483 pediatric OSA patients

Variables Normal lung function (n) Abnormal lung function (n) χ2 P

Sex 2.001 0.157
Male 285 34
Female 153 11
Obesity 1.678 0.195
Yes 125 17
No 313 28
Inhaled allergen-specific IgE in serum 1.853 0.173
Positive 141 19
Negative 297 26
Number of eosinophils in peripheral blood 0.798 0.372
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Variables Normal lung function (n) Abnormal lung function (n) χ2 P

Abnormal 17 3
Normal 421 42
History of chronic cough 53.504 ¡0.001
Yes 81 30
No 357 15
History of wheezing 40.136 ¡0.001
Yes 60 23
No 378 22
History of familial allergic diseases 4.073 0.044
Yes 166 24
No 272 21
History of personal allergic diseases 0.147 0.702
Yes 240 26
No 198 19
Asthma 197.700 ¡0.001
Yes 16 31
No 422 14
Allergic rhinitis 0.205 0.651
Yes 85 10
No 353 35

Table 3. Multivariate logistic analysis of risk factors in pediatric OSA patients with abnormal lung function

Variables S.E. Wald P B Exp (B) (95%CI)

History of chronic cough 0.461 4.462 0.035 -0.973 0.378 (0.153-0.932)
Concomitant asthma 0.549 45.052 0.000 -3.682 0.025 (0.009-0.074)

Figures

Figure 1 . The airway management process involved in preoperative airway evaluation and the intervention
performed for pediatric OSA patients.

Figure 2.Improvement of lung function indicators after atomization treatment.

—- signifies that lung function index accounts for 80%; -·-·-,92%; . . . . . . ,65%. Mild, the mild group; Moderate,
the moderate group; Moderate-severe, the moderate-severe group.
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