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Subjects with venous insufficiency have high risk of obstructive sleep apnea in relationship to fluid shift
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INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by recurrent pharyngeal collapse explained by multifactorial mechanisms [START_REF] Javaheri | Sleep Apnea: Types, Mechanisms, and Clinical Cardiovascular Consequences[END_REF]. OSA is highly prevalent in conditions characterised by fluid overload [START_REF] White | Role of nocturnal rostral fluid shift in the pathogenesis of obstructive and central sleep apnoea[END_REF]. It has been shown that overnight fluid shift from the legs to the neck contributes to the pathogenesis of OSA with the amount of fluid shift being related to OSA severity [START_REF] White | Role of nocturnal rostral fluid shift in the pathogenesis of obstructive and central sleep apnoea[END_REF]. Chronic venous insufficiency (CVI) is characterized by fluid overload and might therefore be related to OSA. Signs and symptoms related to excessive fluid accumulation and fluid shift have been recently indicated as indipendent correlates of moderate-to-severe OSA [START_REF] Perger | Evening sock marks as an adjunct to the clinical prediction of obstructive sleep apnea[END_REF]. The aim of this study was to establish OSA risk in relation to fluid overload and shift in patients with CVI.

METHODS

In this multicentric French study, patients consulting a vascular physician for symptomatic CVI (Clinical Etiology Anatomy Pathophysiology -CEAP -classification ≥2) without previously diagnosis of OSA completed the Berlin questionnaire to assess the risk to have OSA [START_REF] Netzer | Using the Berlin Questionnaire to identify patients at risk for the sleep apnea syndrome[END_REF]. Patients were asked to report the presence of 11 signs/symptoms associated to excessive accumulation of fluid in different parts of the body at different times of the day (Figure 1) [START_REF] Perger | Evening sock marks as an adjunct to the clinical prediction of obstructive sleep apnea[END_REF]; symptoms associated to OSA were also recorded. All patients signed an informed consent form enabling the results of their routine clinical interview and questionnaire to be collected in a database and used for research purposes. Variables were compared using t test or Mann-Whitney's nonparametric test or Fisher's exact text as appropriate. To identify factors associated with a positive Berlin score, multivariate logistic regression was used including the following variables: age, male sex, body mass index, physical activity, diabetes, dyslipidemia, ischaemic cardiomyopathy, CEAP class, evening sock marks, orthopnea, sleeping with two pillows, morning stuffed nose, heavy legs in the evening, nocturnal awakes, nycturia, memory and concentration difficulties, irritability.

RESULTS

During a total period of 12 weeks, 229 patients were evaluaded in 52 centers. 36 subjects were excluded as they were already known for OSA and 13 were excluded because they did not complete the Berlin questionnaire. 180 subjects were included in the analyses. The Berlin questionnaire was in favor of high risk of OSA in 33% [26%-40%] of patients, which characteristics are shown in Table 1. When all patients are considered, most OSA related symptoms (Tab 1) and some of signs/symptoms related to excessive fluid accumulation in the lower body during and at the end of the day (heavy legs during the day, evening swollen feet and evening sock marks) and in the upper body in the morning (morning stuffed nose) were highly prevalent (Fig 1). As expected, patients with high risk of OSA were older, mainly men, had higher body mass index (BMI), were more physically active, had higher prevalence of hypertension, diabetes, dyslipidemia, and ischemic cardiomyopathy compared to patients with low risk of OSA.

In patients with high risk of OSA CVI was more severe according to the CEAP classification (C3 to C6 vs C2), and as expected, OSA related symptoms were more prevalent compared to patients with low risk of OSA. Some of signs/symptoms related to excessive fluid accumulation were more prevalent in patients with high risk than in patients with low risk of OSA (Figure 1). In multivariate analysis, the predictors of having high risk of OSA according to the Berlin questionnaire were male sex (odds ratio (OR) 3.8, 95% confidence interval (CI) [1.6-8.7], p<0.01), higher BMI (OR 1.1, 95% CI [1.0-1.2], p=0.02) and the symptom "morning stuffed nose" (OR 2.7, 95% CI [1.0-6.9], p=0.04).

DISCUSSION

The Berlin questionnaire is a validated questionnaire for the estimation of OSA risk [START_REF] Netzer | Using the Berlin Questionnaire to identify patients at risk for the sleep apnea syndrome[END_REF]. While in the general population the prevalence of a positive Berlin questionnaire is around 24%, it increases among sleep clinic subjects [START_REF] Kang | Usefulness of the Berlin Questionnaire to identify patients at high risk for obstructive sleep apnea: a population-based door-to-door study[END_REF][START_REF] Heinzer | Prevalence of sleep disordered breathing in middle-aged general population: The HypnoLaus study[END_REF]. We found in patients consulting for symptomatic CVI an increased rate of positive Berlin questionnaire compared to the general population, indicating that CVI is associated to high risk of OSA as other diseases associated to fluid overload, such as heart failure, renal failure, resistant hypertension [START_REF] White | Role of nocturnal rostral fluid shift in the pathogenesis of obstructive and central sleep apnoea[END_REF]. CVI is characterized by abnormalities of venous valves of the legs leading to venous hypertension. The consequent higher capillary hydrostatic pressure results in higher transcapillary fluid filtration and accumulation into the interstitial tissue space of the legs [START_REF] Bergan | Chronic venous disease[END_REF]. Evidences have previously demonstrated a causative relationship between leg fluid accumulation and OSA [START_REF] White | Role of nocturnal rostral fluid shift in the pathogenesis of obstructive and central sleep apnoea[END_REF][START_REF] Perger | Targeting volume overload and overnight rostral fluid shift: A new perspective to treat sleep apnea[END_REF]. Our data show for the first time the relationship between fluid overload and shift and OSA in CVI. In fact, OSA symptoms and some of signs/symptoms related to excessive fluid accumulation in the lower body during and at the end of the day (heavy legs during the day, evening swollen feet and, evening sock marks) and in the upper body in the morning (morning stuffed nose) which is in favor of an overnight fluid shift from the legs to the upper airway, were frequent in our population. Moreover, most of these symptoms were more frequent in CVI patient with positive Berlin questionnaire who had also a more severe CVI, which is associated with increased fluid accumulation in the legs during the day, compared with in those with negative Berlin questionnaire.

We have previously demonstrated in patients addressed to the sleep clinic for suspected OSA [START_REF] Perger | Evening sock marks as an adjunct to the clinical prediction of obstructive sleep apnea[END_REF] a high prevalence of the same signs/symptoms related to excessive fluid accumulation and shift that we found in the CVI population (heavy legs during the day, evening sock marks and morning stuffed nose). Although among subjects recruited in a sleep clinic evening sock marks was a predictor of moderate-to-severe OSA, in the present population evaluated for symptomatic CVI, morning stuffed nose was predictor of having a high risk of OSA. A limitation of this study is the absence of a quantitative measurement of fluid overload and shift. However, the presence of a stuffed nose exclusively in the morning suggests overnight movement of fluid from the legs to the upper airway, which altering upper airway characteristics could increase the tendency to OSA. To increase accuracy, we asked specifically about the presence of stuffed nose only in the morning.

Moreover, this sign might not be explained by other causes such as rhinitis, sinusitis or ORL problems, as no difference were found between Berlin + and Berlin -subjects (tab1). Patientreported signs of fluid overload and shift do not require sophisticated measurements and physicians might explore these signs during the visit to identify fluid overload in early stages.

The clinical detection of fluid overload and shift in patient with CVI should address clinicians to screen for OSA and might allow them to treat OSA in this patients using interventions targeting fluid overload [START_REF] Perger | Targeting volume overload and overnight rostral fluid shift: A new perspective to treat sleep apnea[END_REF]. In fact, it has been shown in patients with CVI and OSA that counteracting fluid accumulation in the legs during the day by compression stocking significantly alleviated OSA [START_REF] Redolfi | Attenuation of obstructive sleep apnea by compression stockings in subjects with venous insufficiency[END_REF].

This study shows for the first time that patients with symptomatic CVI have high risk of OSA and this is in relation with clinically detectable fluid overload and shift. 

Figure 1 .

 1 Figure 1. Frequency (%) of reported signs/symptoms related to fluid overload and shift among all the patients and among patients with low and high OSA risk according to the Berlin questionnaire. *: p<0.05 for comparison between low and high risk to have OSA.