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Abstract

Purpose: To estimate laryngopharyngeal reflux (LPR) changes after uvulopalato-

pharyngoplasty (UPPP) for obstructive sleep apnea (OSA) using the reflux symptom

index (RSI) and reflux finding score (RFS) questionnaires.

Methods: A total of 91 participants were recruited and divided into three groups:

control (n = 27), OSA mild to moderate (n = 29), and OSA severe (n = 35) groups

according to polysomnography. All participants completed the preoperative RSI, and

underwent blinded evaluation on videolaryngoscopy using the RFS questionnaire.

Thirty-four OSA patients who underwent UPPP surgery completed postoperative

polysomnography and questionnaires again after a 6-month follow-up.

Results: The RSI score and RFS were higher in patients with OSA than in those with-

out OSA. Patients with severe OSA also had a higher RSI score and RFS than those

with mild to moderate OSA. Apnea and hypopnea index degree and percentage of

recording time for <90% oxygen saturation showed positive correlation with LPR

symptoms. But the lowest blood oxygen saturation during the recording time was

negatively correlated with LPR symptoms. The mean RSI score and RFS before UPPP

surgery were 15.88 ± 4.85 and 13.18 ± 4.80, after surgery decreasing to 9.53 ± 4.16

and 8.65 ± 4.87, respectively (P <.05). In 25 patients where surgery was successful,

RSI scores, RFSs and individual RSI variables decreased after surgery.

Conclusions: LPR symptoms are common among OSA patients, and the coexistence

of OSA and LPR cannot be ignored. Successful UPPP surgery potentially reduces LPR

symptoms and improves laryngoscopic signs by alleviating sleep respiratory

disorders.

Level of Evidence: 3.
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1 | INTRODUCTION

Obstructive sleep apnea (OSA) is a growing health concern. Approxi-

mately 2%–4% of middle-aged people suffer from OSA.1 OSA is char-

acterized by repetitive collapse and reopening of the upper airway

during sleep resulting in intermittent hypoxia and sleep fragmenta-

tion.2 Intermittent hypoxia is a condition when apnea/hypopnea

occurs, and oxygen supply to the blood is reduced. Intermittent hyp-

oxia results in systemic inflammation and oxidative stress and may

induce airway inflammation.3 To alleviate this symptoms, continuous

positive airway pressure (CPAP) or surgery are common treatments

applied to OSA.

CPAP reduces reflux events and improves clinical symptoms of

gastroesophageal reflux disease (GERD) and laryngopharyngeal reflux

(LPR) in patients with OSA, like heartburn complaints.4–6 As an effec-

tive and noninvasive treatment for OSA, CPAP maintains a certain

positive pressure in the upper airway to improve upper airway col-

lapse. Research has shown that CPAP decreases both GERD and LPR

attacks by increasing esophageal internal pressure,4,7 and reflex

contraction of the lower esophageal sphincter (LES),8 limiting reflux

duration and reducing esophageal acidification. OSA and LPR are

two conditions that cause chronic upper airway inflammation. In

OSA patients, coexistence with LPR is very frequent, being found

in 20%–67% of patients.9,10 Although the association between

OSA and LPR has been recently investigated, it still remains contro-

versial. While some studies have demonstrated that CPAP treat-

ment significantly improves reflux symptoms in OSA patients,11

only few have investigated the effect of surgery treatment for OSA

on reflux disease.

Uvulopalatopharyngoplasty (UPPP) is a widely accepted surgery

for OSA12 and first suggested by Fujita et al.13 It has been recently

improved14 with the goal of reducing the oropharyngeal obstruction

by eliminating redundant mucosal folds, hypertrophic tonsils, and an

excessively thickened and elongated soft palate.15 UPPP may relieve

the severity of OSA in patients whose obstruction site is located at

the palatopharyngeal level.

F IGURE 1 Flow diagram of
participates. AHI, apnea hypopnea index;
CPAP, continuous positive airway
pressure; PSG, polysomnography; RFS,
reflux finding score; RSI, reflux symptom
index; UPPP, uvulopalatopharyngoplasty
surgery
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LPR is defined as gastric content reflux to the laryngopharynx; it

is characterized by laryngeal mucosal inflammation and damage,16 and

a common disease in otolaryngology outpatient clinics.9 Although

24 h pH monitoring is the gold standard for diagnosing LPR, the reflux

symptom index (RSI) and reflux finding score (RFS) are more com-

monly used for routine clinical practice and to quantify the severity of

LPR symptoms.9,17

The aim of this study was to evaluate the changes in LPR symp-

toms and signs after UPPP for OSA based on patients' responses to

the RSI and RFS questionnaires.

2 | METHODS

2.1 | Procedure and participants

Adult participants were recruited from patients at the Sleep Labora-

tory of the Second Xiangya Hospital, Central South University,

between January 2016 and January 2017. Of the 128 participants,

21 (16%) declined to participate and 16 (13%) were ineligible, leaving

91 (71%) participants in the present study. The study included

patients newly diagnosed with OSA as confirmed by Poly-

somnography (PSG). Controls were selected among patients without

OSA as confirmed by PSG. According to the Apnea and hypopnea

index (AHI), participants were classified into non-OSA (AHI <5) and

OSA group (AHI ≥5). The OSA group was assigned as follows: mild to

moderate, AHI >5 and ≤30; or severe, AHI >30. Participants with OSA

were diagnosed with LPR if both RSI scores >13 and RFS >7. The

study design is shown in Figure 1.

The inclusion criteria were as follows: (1) clinical symptoms

and signs compatible with clinical OSA suspicion,18 (2) aged

between 18 and 60 years, (3) no central sleep apnoea, (4) no dis-

ease of the nasal cavity and nasopharynx, (5) no history of taking

anti-reflux drugs, and (6) provided informed consent. Clinical sus-

picion was defined as snoring and ≥1 of the following symptoms:

witnessed apnoea, nonrestful sleep, or daytime sleepiness. Partici-

pants were excluded if they had NYHA grade IV heart failure,

chronic renal failure (stage 4–5), degenerative cerebrovascular

disease, or severe lung disease. The Epworth Sleepiness Scale

(ESS) questionnaire, which is widely used to assess daytime sleepi-

ness, was also completed by the patients at the same visit. Demo-

graphic data including sex, age, body mass index (BMI), AHI,

minimum oxygen saturation, and oxygen saturation <90% were

also obtained.

2.2 | Approval by the Human Research Ethics
Committee

The study was approved by the ethics committee of the Second

Xiangya Hospital, Central South University in China (LYF2020014),

and all participants provided written informed consent.

2.3 | LPR assessment

LPR was defined as both the RSI score >13 and RFS >7.19 The RSI

was developed by Belafsky et al.17 As a validated quality-of-life instru-

ment, the RSI is a 9-item questionnaire administered to document the

presence and severity of LPR characteristic signs and symptoms. It is

a useful instrument in diagnosing LPR, along with other measures,

such as that of the composite pH score, and for devising the appropri-

ate potential therapies. The questionnaire included hoarseness, throat

clearing, postnasal drip, swallowing difficulty, coughing, breathing dif-

ficulty, annoying cough, lump sensation, and heartburn. During the ini-

tial visit, all patients were asked to complete the RSI questionnaire to

assess the severity of LPR-related symptoms. They were asked if they

had a specific set of symptoms indicating LPR. Each item is scored

from 0 (no problem) to 5 (severe problem), with a maximum score of

45. A score ≥13 was not normal and supported a diagnosis of LPR.

The RFS contains an 8-item clinical severity scale for judging lar-

yngoscopy findings and is a useful tool to assess and follow-up LPR

patients. To identify the most specific laryngoscopic signs of LPR,

Belafsky et al.16 developed the RFS based on the findings of video lar-

yngoscopy. The laryngoscopic findings used for the diagnosis of LPR

are nonspecific signs of laryngeal irritation and inflammation, including

subglottic edema, ventricular obliteration, erythema, vocal fold edema,

diffuse laryngeal edema, vocal fold edema, posterior commissure

hypertrophy, granulation tissue, and thick endolaryngeal mucus. Lar-

yngoscopy was reviewed by an otolaryngologist blinded to patient RSI

and PSG information. They rated eight LPR-associated findings on a

variably weighted scale from 0 to 4, and the results ranged from

0 (normal) to 26 (worst possible score). According to their analysis, a

patient with a score ≥7 has LPR with 95% certainty.

TABLE 1 Initial characteristics of study participants

Characteristic Controls (n = 27) OSA (n = 64) P value

Age (years) 43.85 ± 10.95 42.98 ± 10.21 .718

BMI (kg/m2) 26.73 ± 3.74 27.19 ± 3.46 .576

AHI (events/h) 3.00 ± 1.20 34.62 ± 14.8 <.05

ESS 4.33 ± 1.88 11.31 ± 6.14 <.05

L-SpO2 (%) 85.78 ± 3.70 70.16 ± 11.09 <.05

CT90 (%) 1.14 ± 1.51 29.29 ± 21.75 <.05

RSI 7.59 ± 4.70 13.70 ± 5.56 <.05

>13 n = 6 n = 33 <.05

≤13 n = 21 n = 31

RFS 6.04 ± 3.55 10.45 ± 5.03 <.05

>7 n = 8 n = 43 <.05

≤7 n = 19 n = 21

Note: Data are presented as median ± SD.

Abbreviations: AHI: apnea/hypopnea index; BMI: body mass index;

CT90%: percentage of recording time when oxygen saturation of arterial

blood<90%; ESS: Epworth Sleepiness Scale (range 0–24); L-SpO2: lowest

blood oxygen saturation during recording time; RFS: reflux finding score;

RSI: reflux symptom index.
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2.4 | UPPP surgery

UPPP relieves airway obstruction at the palate level by eliminating

redundant mucosal folds, hypertrophic tonsils, and excessively thick-

ened and elongated soft palates. We performed a revised UPPP with

uvular preservation. Bilateral tonsillectomy was performed. Then, the

redundant bilateral mucosa and submucosal tissue were resected to

enlarge the oropharyngeal lumen. Two inverted U-shaped incisions

were performed on the surface of the soft palate along both sides of

the uvula. Mucosal membrane and surplus submembranous adipose

tissue in the U-shaped incisions were removed. The soft palate

length to remove was determined preoperatively according to the

F IGURE 2 Correlation of
laryngopharyngeal reflux and
sleep parameters. AHI, apnea
hypopnea index; CT90,
percentage of recording time
when oxygen saturation <90%; L-
SpO2, lowest SpO2 during sleep;
RFS, reflux finding score; RSI,
reflux symptom index

TABLE 2 Reflux symptom index and
reflux finding score between mild-
moderate obstructive sleep apnea (OSA)
and severe OSA patients before
uvulopalatopharyngoplasty

Mild-moderate OSA (n = 29) Severe OSA (n = 35) P value

RSI 11.34 ± 5.40 15.66 ± 4.96 <.05

>13 n = 9 n = 24 <.05

≤13 n = 20 n = 11

RFS 7.07 ± 2.78 13.26 ± 4.75 <.05

>7 n = 14 n = 29 <.05

≤7 n = 15 n = 6

Note: Data are presented as median ± SD.

Abbreviations: RFS: reflux finding score; RSI: reflux symptom index.
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anatomy of the patient's pharynx and sleep apnoea severity. The

incision was higher in severe patients and lower in mild patients.

The dorsal surface of the soft palate was incised, and the levator

palatini muscle and tensor palatini muscle were preserved. The dor-

sal and ventral margins of the preserved mucosal membrane of the

uvula were closed with interrupted sutures forming a long new

uvula. The new uvula was shortened when considered too long.

The palatoglossal arch, the soft tissue of the tonsillar fossa, and the

palatopharyngeal arch were also closed with interrupted sutures,

thus enlarging the oropharyngeal cavity.

Patients who underwent UPPP surgery met the following inclu-

sion criteria: (1) observed loud snoring, sleep apnoea, daytime sleepi-

ness, and arousal from sleep; (2) AHI ≥5 events/hour of sleep (from

PSG); (3) thickened and elongated soft palate; (4) Friedman stage I or

II; (5) nonadherence with CPAP treatment or rejecting CPAP treat-

ment. The exclusion criteria included (1) serious psychiatric, cardiopul-

monary, or neurological disease or an American Society of

Anesthesiologists (ASA) classification >3; (2) severe nasal congestion;

(3) BMI≥40 kg/m2; (3) history of surgical therapy for OSA (for

example, tonsillectomy); (4) Friedman stage III; and (5) anti-reflux

treatment before or after surgery. A surgeon (L. S. S.) performed all

UPPP surgeries. Surgical success was defined as ≥50% reduction in

preoperative AHI and a postoperative AHI <20 per hour.20

2.5 | Follow-up

All patients were re-evaluated at our sleep disorder centre at follow-

up visits 6 months after UPPP surgery. PSG, RSI, RFS, and ESS ques-

tionnaire were obtained from each patient. The investigator (L. S. S.)

was not involved in the care of any patient.

2.6 | Statistical analysis

Data were analyzed using a SPSS (version 24.0; SPSS Inc., Chicago,

IL). A Chi-square test was used for categorical variables and a t-test or

Mann–Whitney U test for continuous variables. Regression analysis

was performed to show the effect of different variables on the out-

come data. Statistical significance was set at P <.05.

3 | RESULTS

3.1 | Population characteristics

The characteristics of the 64 patients with OSA (AHI ≥5 events/h)

and 27 controls are presented in Table 1. There were no significant

differences in age or BMI between groups. Patients with OSA had

lower blood oxygen saturation, higher AHI and epworth sleepiness

scores. As anticipated, the RSI score and RFS of patients with OSA

were higher than those of the controls.

3.2 | Relationship between OSA and LPR

In 64 OSA patients, both AHI and CT90 were positively correlated

with the RSI score and RFS, indicating that the degree of OSA is asso-

ciated with LPR severity (Figure 2A,B). Lowest blood oxygen

TABLE 4 Changes between reflux
symptom index and reflux finding score
in patients with
uvulopalatopharyngoplasty surgery

Successful(n = 25)

P value

Unsuccessful (n = 9)

P valueBefore surgery After surgery Before surgery After surgery

RSI 16.04 ± 4.48 8.60 ± 3.50 <.05 15.44 ± 6.06 12.11 ± 4.94 <.05

>13 n = 18 n = 3 <.05 n = 6 n = 3 .347

≤13 n = 7 n = 22 n = 3 n = 6

RFS 13.44 ± 4.87 7.92 ± 4.52 <.05 12.44 ± 4.80 10.67 ± 5.52 .150

>7 n = 22 n = 7 <.05 n = 6 n = 4 .341

≤7 n = 3 n = 18 n = 3 n = 5

Note: Data are presented as median ± SD.

Abbreviations: RFS: reflux finding score; RSI: reflux symptom index.

TABLE 3 Various factors before and after
uvulopalatopharyngoplasty surgery

Characteristic Before surgery After surgery P value

BMI (kg/m2) 27.33 ± 3.98 26.64 ± 3.45 .370

AHI (events/h) 46.73 ± 8.00 19.94 ± 11.30 <.05

ESS 15.15 ± 5.29 9.59 ± 3.89 <.05

L-SpO2 (%) 65.56 ± 10.16 81.28 ± 7.22 <.05

CT90 (%) 38.18 ± 19.70 11.65 ± 13.80 <.05

RSI 15.88 ± 4.85 9.53 ± 4.16 <.05

>13 n = 24 n = 6 <.05

≤13 n = 10 n = 28

RFS 13.18 ± 4.80 8.65 ± 4.87 <.05

>7 n = 28 n = 11 <.05

≤7 n = 6 n = 23

Note: Data are presented as median ± SD.

Abbreviations: AHI, apnea/hypopnea index; BMI, body mass index;

CT90%, percentage of recording time when oxygen saturation of arterial

blood<90%; ESS, Epworth Sleepiness Scale (range 0–24); L-SpO2, lowest

blood oxygen saturation during recording time; RFS, reflux finding score;

RSI: reflux symptom index.
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saturation during the recording time (L-SpO2) was negatively corre-

lated with the RSI score and RFS (Figure 2C). In addition, the RSI score

and RFS of patients with severe OSA were higher than those of

patients with mild to moderate OSA (Table 2).

3.3 | Surgical outcomes

Table 3 shows that postoperative AHI, night-time SpO2 (CT90 and L-

SpO2), and ESS scores decreased after UPPP surgery in 34 OSA

patients. Moreover, both the RSI score and RFS decreased after

treatment with UPPP.

Patients whose AHI decreased by 50% from baseline and AHI <20

per hour after surgery were considered as surgical success.20 The surgical

success rate was 73.53% (25/34). In 25 successful surgery patients, the

RSI score and RFS were lower than before surgery, and the LPR preva-

lence changed immediately after successful UPPP surgery (Table 4).

Figure 3A shows that all individual RSI variables improved significantly

after surgery (P <.05), except for hoarseness (P = .054). When we com-

pared the pre- and postsurgery individual RSI variables in patients in the

successful or unsuccessful surgery group, all RSI variables improved signifi-

cantly after successful surgery (P <.05, Figure 3B), except for hoarseness

and postnasal drip (P = .117 and P = .052, respectively), but no RSI vari-

ables significantly changed after unsuccessful surgery (Figure 3C).

4 | DISCUSSION

This study investigated the effect of UPPP surgery for OSA on LPR

symptoms based on patient responses to the RSI and RFS

F IGURE 3 Reflux symptom
index scores before and after
UPPP surgery in different groups.
* P <.05 compared with before
uvulopalatopharyngoplasty group
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questionnaires. We found: (1) a close correlation between OSA and

LPR: LPR is more prevalent in OSA patients than in the general popu-

lation, and AHI and CT90 were positively and L-SpO2 negatively cor-

related with LPR symptoms, and (2) UPPP surgery, especially when

successful, significantly lowered the mean RSI score and RFS but also

individual RSI variables.

The coexistence of OSA with LPR has been reported to have a

prevalence of 20%–67%.21,22 Although previous studies could not

demonstrate a direct relationship between them, they suggested a

possible causative relationship.23 Our results indicate that the degree

of OSA is associated with LPR severity, and that there is a close corre-

lation between OSA and LPR. An interaction between them could

explain our results, namely, OSA causes inflammatory injury, low

intrathoracic pressure, and leakage of the lower esophageal sphincter;

in turn, LPR (Acid reflux) results in injury to the esophagus, larynx, and

pharynx mucosa as well as laryngopharyngeal symptoms.

Anti-reflux therapy may improve the symptoms and PSG parame-

ters of OSA.24 Simultaneously, other studies report that CPAP can

reduce GER events and improve nocturnal GER symptoms in OSA

patients.20,21 However, few studies report on the effect of surgical

treatment for OSA on LPR.25 UPPP is usually not the first choice of

treatment in most patients with OSA compared to CPAP. If CPAP is

refused or the obstructive plane is defined, surgery can be considered

as a treatment for OSA, especially multilevel surgery. UPPP is indi-

cated in patients who only have airway collapse at the level behind

the palate, and our study included participants whose level of collapse

was presumed to be in the oropharynx was in the oropharynx. The

present study demonstrated that postoperative AHI, night-time SpO2

(CT90 and L-SpO2), the RSI score, and the RFS were greatly improved

after surgery. Interestingly, when we compared the pre- and post-

surgery changes in the mean RSI score and mean RFS among patients

in the successful and unsuccessful surgery groups, the successful sur-

gery group experienced a significant decrease in the RSI score and

RFS, but there was only one significant difference (mean RFS) in the

unsuccessful group. We proposed that successful UPPP surgery

lowered RSI scores and RFSs, and unsuccessful surgery improved the

RFS only.

In our study, we presumed that effective UPPP surgery could

improve LPR symptoms and signs in three ways. First, published stud-

ies have proposed that mouth breathing and snoring aggravate pha-

ryngeal inflammation and LPR, and chronic intermittent hypoxia can

lead to systemic inflammation of the whole body and respiration in

OSA.24,26,27 UPPP solves the problem of OSA-induced inflammatory

injury by reducing airflow obstruction and increasing nocturnal blood

oxygen saturation. Second, successful UPPP lowers OSA-induced

esophageal changes. It has been postulated that OSA causes lower

intrathoracic pressure and leakage of the lower esophageal sphinc-

ter28: (1) when either apnoea or hypopnea occur, OSA patients over-

come hypoxia by sleep breathing effort, which produces increased

transdiaphragmatic pressure and decreased intrathoracic pressure,

exacerbating the LES pressure gradient and favoring acid reflux into

the esophagus, resulting in laryngeal mucosal injury.29–31 (2) the

inflammation accompanying OSA may predispose the patient to dys-

phagia by hypoxia-reoxygenation, promoting upper airway

narrowing.32,33 Additionally, the hypoxia inducible factor (HIF)-2α may

play an important role in reflux esophagitis, indicating that low noctur-

nal oxygen saturation may aggravate LPR symptoms.34,35 (3) OSA-

induced airway resistance causes reflux events coexisting with

transient LES pressure relaxation.35,36 Third, LPR-induced inflamma-

tion cannot be ignored in the cycle between OSA and LPR. Previous

studies have proposed that LPR results in esophagus, larynx, and phar-

ynx mucosal injury and promote: (1) tissue thickening and hypertrophy

caused by chronic inflammation which can directly narrow upper

airways and (2) increased sensitivity of the laryngopharyngeal mucosa,

inflammation-mediated tissue damage, and sensory impairment

contributing to upper respiratory collapse.23 UPPP improves LPR in

two aspects mentioned above, breaking the OSA and LPR cycle.

Patients often have postoperative complaints after UPPP surgery,

including pharyngeal pain, swallowing difficulty, and lump sensation,

which might result from surgical wound scarification. Most of these

symptoms were similar to those reported in the RSI questionnaire.

However, our study found that most symptoms improved significantly

after UPPP surgery, probably resulting from removal of the upper air-

way obstruction.

Our study had several limitations. First, a more objective and easy

measure to evaluate the effects of UPPP on LPR is needed to clarify

our results and evaluate the obstruction level. There are several rea-

sons we chose the RSI score and RFS instead of 24 h pH monitoring

to diagnose LPR and evaluate UPPP effects: (1) RSI and RFS question-

naires are not only easy to conduct for both patients and doctors, but

also convenient for follow-up; (2) twenty-four hour pH monitoring is

difficult for patients to accept, leading to poor adherence. Second,

OSA patients often complain of similar symptoms (lump sensation,

throat clearing, and difficulty swallowing) in the RSI questionnaire

after surgery treatment, which are difficult to distinguish. Further

studies are needed to compare the preoperative and postoperative

states of each item in the RSI and RFS questionnaires. Third, UPPP

can solve intermittent hypoxia or upper airway resistance in patients

with OSA, but future studies including more cases are necessary to

explore whether removing intermittent hypoxia or upper airway resis-

tance can improve LPR.

5 | CONCLUSION

In summary, LPR symptoms are prevalent in OSA patients, and the

coexistence of OSA and LPR cannot be ignored. Successful UPPP sur-

gery against OSA potentially reduces laryngeal reflux symptoms and

improves laryngoscopic signs by alleviating sleep respiratory

disorders.
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