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Background: Whether preoperative continuous positive airway pressure (CPAP) treatment improves postoperative outcomes in patients undergoing cardiac valve replacement (CVR) remains unknown.

Hypothesis: This study was to evaluate the effects of 1-week perioperative auto-continuous positive airway pressure (CPAP) treatment on postoperative heart and pulmonary outcomes in patients with obstructive sleep apnea (OSA) and valvular heart disease.

Methods: Thirty-two patients with OSA and valvular heart disease were randomly assigned to 1-week CPAP (n = 15) group and non-CPAP treatments (n = 17) group. After the treatment, all patients underwent CVR surgery. The length of ICU and hospital stays, postoperative cardiac and respiratory complications were assessed and compared between the 2 groups.

Results: The results showed there was no significant difference in the baseline characteristics between the CPAP and non-CPAP treatment groups. The length of postoperative ICU and hospital stays, as well as the duration of mechanical ventilation were significantly reduced in the CPAP treatment group compared to the non-CPAP treatment group; however, there were no significant differences in cardiac complications (postoperative arrhythmias, pacemaker use, first dose of dopamine in the ICU, and first dose of dobutamine in the ICU), and respiratory complications (reintubation and pneumonia).

Conclusion: We concluded that in patients underwent CVR, preoperative use of auto-CPAP for OSA significantly decreased the duration of mechanical ventilation, and postoperative stays in the ICU and hospital.

Clinical Trial Registration: ClinicalTrials.gov, identifier NCT03398733
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1. Introduction

Obstructive sleep apnea (OSA) is one of the most common sleep disorders in adults, with reported prevalence rates between 16 and 84% (1, 2). OSA is associated with increased all-cause and cardiovascular mortality risks, as well as the incidence of hypertension (3), coronary heart disease, heart failure and postoperative cardiovascular events (sudden cardiac death, atrial fibrillation, congestive heart failure, and myocardial injury) (4–6). In our previous study we reported that OSA is common in patients undergoing cardiac valve replacement (CVR). Moreover, preoperative OSA is associated with an increased mechanical ventilation duration and a longer intensive care unit (ICU) stay, as well as a higher rate of postoperative pacemaker use (7).

Continuous positive airway pressure (CPAP) is the mainstay treatment for patients with OSA. A previous study showed that the postoperative complications are increased in patients with untreated OSA who undergo general and vascular surgery (8). Although it is well-established that perioperative CPAP significantly reduces the postoperative apnea-hypopnea index (AHI) and pulmonary complications, improves the oxygen saturation, and shortens the length of hospital stay following cardiac and non-cardiac surgery (9–12); however, it is not completely clear whether perioperative CPAP improves the postoperative outcomes in patients undergoing CVR surgery.

The objective of this study was to determine if perioperative CPAP treatment could improve postoperative adverse events, including decreasing the lengths of stay (hospital, preoperative, postoperative, and ICU), cardiac complications (postoperative arrhythmias, pacemaker use, first dose of dopamine in the ICU, and first dose of dobutamine in the ICU), and respiratory complications (reintubation, pneumonia, and duration of mechanical ventilation).



2. Methods


2.1. Subjects and study design

Between January 2018 and December 2019, a total of 223 patients with rheumatic valvular heart disease (18–75 years of age) undergoing CVR were screened for OSA using ApneaLink™ Air (ResMed Corp., Australia) in the first 3 days of hospitalization. Patients with OSA who agreed to participate in our study underwent an overnight polysomnography (PSG) the next day. The patients with an AHI ≥ 5/h were randomly assigned to the CPAP (n = 17) and non-CPAP treatment groups (n = 17). Patients in the CPAP treatment group received CPAP + basic treatment for 7 d (15 patients completed the 7-d treatment). Patients in the non-CPAP treatment group received basic treatment for 7 d. All patients underwent CVR surgery 1 week after completing treatment. The patients were admitted to the ICU and received mechanical ventilation postoperatively. The postoperative PSG was performed 1–3 d prior to hospital discharge.

The inclusion criteria were as follows: (1) 18–75 years of age, (2) diagnosed with rheumatic valvular heart disease, (3) diagnosed with OSA (AHI > = 5/h), (4) received heart valve replacement surgery, and (5) signed informed consent. The exclusion criteria were as follows: (1) history of stroke or clinical signs of peripheral or central nervous system disorders, (2) previously known congenital heart disease, coronary heart disease, myocardial infarction, dilated cardiomyopathy, or hypertrophic cardiomyopathy, and (3) chronic obstructive pulmonary disease or a history of asthma. Figure 1 shows the study design flow chart.
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FIGURE 1
 Flowchart of patients enrollment.



2.1.1. Randomized method

Random sequence numbers (1–34) were generated using Excel software by a statistician who did not otherwise take part in this study. According to the order of enrollment, the random sequence number was used one-by-one. Odd numbers were assigned to the CPAP treatment group and even numbers were assigned to the non-CPAP treatment group. The statistician and the data collector were blinded to interventions and the care providers were blinded to outcome parameters.

Preoperative basic treatment included oxygen and optimal medications. Oxygen therapy was administered when a patient had a pulse oxygen saturation (SpO2) < 90%. The optimal medication therapy included digoxin, diuretics, nitrates, an angiotensin-converting enzyme inhibitor/angiotensin receptor blocker, and a β-blocker.

The diagnosis of rheumatic valvular heart disease was based on the 2012 criteria for the diagnosis of rheumatic fever and rheumatic heart disease, as follows (13): a primary episode of rheumatic fever or current clinical rheumatic heart disease as featured and typical rheumatic valvular lesions were examined by Doppler echocardiography.




2.2. Baseline clinical evaluation

The preoperative physical examinations and heart function evaluations were performed by the same physician. Patient height, weight, and body mass index (BMI [weight in kg/height in m2]) were recorded. The New York Heart Association (NYHA) classification was determined. Atrial fibrillation was detected by 12-lead electrocardiography. Two-dimensional Doppler echocardiography was performed to assess left ventricular ejection fraction (LVEF). Valvular disease was assessed by echocardiography and confirmed by pathologic evaluation postoperatively. The 6-min walking test (6MWT) was performed within 3 d after hospital admission, as we previously reported (7, 14).



2.3. Polysomnography

The Epworth Sleepiness Scale (ESS) score was recorded before the sleep study to assess daytime sleepiness. The sleep study was an unattended overnight PSG (Alice 6 LDx System; Respironics, Inc., Netherlands) pre-and postoperatively. We used the 2012 standards of the American Academy of Sleep Medicine (AASM) (15) to score sleep apnea (SA) types and associated events, as described previously (7): obstructive apnea, >90% decrease in airflow with continued paradoxical chest and abdominal excursion for ≥10 s; central apnea, >90% decrease in airflow as well as complete cessation of chest and abdominal excursion ≥10 s; and hypopnea-reduction of airflow, >50% baseline lasting ≥10 s and associated with ≥3% desaturation. The AHI was defined as the number of apneic and hypopnea events per h of sleep. An AHI of ≥5/h was considered diagnostic for SA. Sleep apnea in which greater than 50% of events were obstructive, was defined as OSA.



2.4. CPAP treatment

An auto-CPAP (S9 Auto Set; ResMed Corp., Australia) treatment regimen (auto-CPAP, 4–16 cm H2O) was offered to the patients in the CPAP treatment group. Recordings with a mean CPAP use >4 h/night were accepted for each patient (16). To prevent confounding, all patients used the same CPAP device, and underwent the same clinical evaluations, follow-up assessments, and education regarding OSA and proper CPAP use. All patients had formal mask fitting prior to initiating CPAP therapy.



2.5. Cardiac valve replacement

CVR was performed in accordance with the American College of Cardiology/American Heart Association guidelines and indications for valve replacement in patients with valvular heart disease (17). The valve prosthesis type selection was at the discretion of the operating surgeon. All procedures were performed under cardiopulmonary bypass with mild systemic hypothermia (30°C–34°C). Myocardial protection was achieved with cold blood cardioplegia.



2.6. Postoperative treatment

Patients were admitted to the ICU as soon as possible following CVR surgery. All patients received standard care, including vital sign monitoring, oxygen therapy, mechanical ventilation, and administration of vasoactive agents. All tests or therapies were considered clinically indicated by the surgical team.



2.7. Postoperative outcome assessment

Lengths of stay (hospital, preoperative, postoperative, and ICU), cardiac complications (postoperative arrhythmias, pacemaker use, first dose of dopamine in the ICU, and first dose of dobutamine in the ICU), and respiratory complications (reintubation, pneumonia, and duration of mechanical ventilation) were assessed and compared between the CPAP and non-CPAP treatment groups.



2.8. Statistical analysis

The differences between the CPAP and non-CPAP treatment groups of continuous variables were non-normally distributed and tested using the two independent samples Mann–Whitney U test and presented as medians and interquartile ranges. The pre-and postoperative differences for each group were tested by the paired samples Mann–Whitney U test and presented as medians and interquartile ranges. Categorical variables were compared using the chi-square test with a normal approximation or Fisher’s exact test, as appropriate. Two-tailed p values <0.05 were considered statistically significant. Statistical analyses were performed with SPSS 22.0 statistical software (IBM® SPSS, Inc., Chicago, IL, United States).




3. Results


3.1. Baseline participant characteristics

We screened 232 patients with valvular heart disease, 34 of whom with OSA were enrolled and randomized into the CPAP and non-CPAP treatment groups. Fifteen patients in the CPAP treatment group and 17 patients in the non-CPAP treatment group completed the preoperative treatment and postoperative PSG testing (Figure 1). Table 1 shows a comparison of the baseline characteristics between the CPAP and non-CPAP treatment groups. There was no significant difference with respect to age, BMI, sex, atrial fibrillation, heart valve lesions, NYHA class, medication use, LVEF, 6MWT distance, and arterial blood gas results.



TABLE 1 Comparisons of patients’ characteristics.
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3.2. Comparisons of sleep data

The average length of treatment per night is 324 ± 46 min, and the patients had a good adherence with 88% completing >4 h of CPAP treatment per night. The total recording time, total sleep time, sleep efficiency, arousal index, sleep stage, AHI, AI, HI, mean SpO2, minimal SpO2, and oxygen desaturation index (ODI) were recorded or calculated (Table 2). There was no significant difference in the baseline sleep parameters between the CPAP and non-CPAP treatment groups preoperatively. The AHI, AI, and ODI were significantly decreased, and the mean and minimal SpO2 were significantly increased during CPAP treatment. The AHI, AI, and ODI were significantly decreased postoperatively compared with preoperatively (baseline) in the CPAP and non-CPAP treatment groups. There was no significant difference in the sleep parameters between the CPAP and non-CPAP treatment groups postoperatively.



TABLE 2 Comparisons of polysomnography data.
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3.3. Postoperative complications

Table 3 shows the lengths of postoperative and ICU stays, and the duration of mechanical ventilation were significantly reduced in the CPAP treatment group compared to the non-CPAP treatment group. There was no significant difference in the length of hospital stay, cardiac complications (postoperative arrhythmias, pacemaker use, first dose of dopamine in the ICU, and first dose of dobutamine in the ICU), and respiratory complications (reintubation and pneumonia).



TABLE 3 Comparisons of postoperative complications.
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4. Discussion

The present study was a novel, randomized controlled trial to determine the effectiveness of preoperative CPAP in patients with OSA undergoing CVR surgery. OSA is a well-documented risk factor associated with perioperative adverse outcomes. Due to recurrent sleep apnea, intermittent hypoxia, and arousal, postoperative adverse events, such as arrhythmias, myocardial injury, and pulmonary infection, may occur. In the Postoperative Vascular Complications in Unrecognized OSA (POSA) study, Chan et al. (6) observed 1,218 patients and concluded that severe OSA was significantly associated with a higher rate of postoperative cardiovascular events. Our previous study showed that patients with OSA were at increased perioperative risk for CVR surgery and associated with overall postoperative recovery, including respiratory insufficiency and a higher rate of postoperative pacemaker use (7).

CPAP treatment during sleep for OSA patients has been shown to significantly reduce AHI and sleepiness, and improve oxygen deficiency (10). Although treatment of OSA appears to reduce postoperative pulmonary complications, pneumonia, and reintubation rates in patients undergoing major abdominal (9) or heart surgery (18, 19), no definitive data have shown whether preoperative CPAP reduces postoperative complications in patients undergoing CVR surgery.

Rennotte et al. (18) reported the effectiveness of CPAP in a case series involving 16 OSA patients. He showed that two OSA patients without preoperative CPAP treatment experienced postoperative adverse events and one patient died, whereas 14 patients with preoperative CPAP treatment had an uneventful postoperative course. Liao et al. (10) developed a randomized controlled trial and confirmed that perioperative auto-CPAP treatment significantly reduced postoperative AHI and improved oxygen saturation in OSA patients. In the present study, the patients in the CPAP group received preoperative auto-CPAP treatment for 1 week. The AHI was decreased and the minimal SpO2 was increased significantly during CPAP treatment compared with the preoperative values (25 vs. 3 and 74% vs. 88%; both p values <0.05), thus confirming CPAP treatment was effective in reducing sleep apnea and alleviating nocturnal hypoxemia.

A number of studies have shown that postoperative CPAP use significantly reduced the AHI, improves oxygen saturation, and the incidence of postoperative cardiac and pulmonary complications (10–12, 16, 18–23). Due to edema in the upper airway, possible fluid shifts, sedation, and changes in sleep position, postoperative patients, especially patients with OSA, are more likely to have airway obstruction. Theoretically, postoperative CPAP use mitigates these issues as needed. Considering the possible lower adherence to CPAP following CVR surgery, we did not evaluate CPAP postoperatively in both the CPAP and control groups. Even though the postoperative AHI in both groups was slightly reduced (25 vs. 19 and 23 vs. 18; both p values <0.05), the reduced AHI may be associated with surgery rather than CPAP treatment because central sleep apnea can be eliminated after CVR (14).

In the present study patients with preoperative auto-CPAP treatment had a shorter duration of postoperative mechanical ventilation, which may further lead to a reduction in ICU and postoperative hospital stays, thus suggesting that reducing the nocturnal hypoxemia and oxygen debt in OSA patients with preoperative CPAP therapy favored a faster postoperative recovery after CVR surgery. A review reported that CPAP treatment reduced the rate of reintubation and admission into the ICU for invasive ventilation and supportive care (24). A matched cohort study showed that OSA patients who received CPAP therapy had a reduction in postoperative cardiovascular complications (25). Kindgen-Milles et al. (26) found that postoperative use of nasal CPAP significantly reduced pulmonary morbidity and the length of hospital stay following surgical repair of thoracoabdominal aortic aneurysms. Our results confirmed these findings in our patients undergoing CVR. CPAP improved upper airway obstruction and increased lung volume, thereby significantly reducing apnea and hypopnea, and the associated hypoxemic and hypercapnic events (11). In addition, the patients treated with CPAP preoperatively may be more familiar and compliant with postoperative mechanical ventilation, which in turn may lead to mechanical ventilation of short duration. Therefore, perioperative CPAP use may be beneficial in patients with OSA who undergo CVR surgery.

The preoperative CPAP treatment did not reduce the incidence of postoperative arrhythmias, pacemaker use, reintubation, and pneumonia in the current study. Zarbock et al. (19) reported that nasal CPAP following cardiac surgery improved arterial oxygenation, reduced the incidence of pulmonary complications, including the pneumonia and reintubation rates, and reduced the readmission rate to the ICU; however, other studies have reported contradictory findings. Altmay et al. (27) observed patients with normal preoperative pulmonary function and CPAP use did not improve lung function after cardiac surgery. Furthermore, short-term CPAP treatment cannot reduce postoperative cardiac arrhythmias (28, 29). There are many factors that induce postoperative arrhythmias, pacemaker use, reintubation, and pneumonia, such as poor cardiac function, hypoxia, and malnutrition. CPAP treatment did not improve all of the aforementioned risk factors. In addition, in our study the small sample size and short time of CPAP treatment were reasons why our data did not reach statistical significance.

CPAP adherence in postoperative patients is low. Liao et al. (11) found that the perioperative adherence rate of CPAP was only 45% and another study (30) found only 33% of the patients had >4 h CPAP treatment; the median adherence was 2.5 h per night. The author speculated that postoperative nausea and vomiting may be associated with reduced CPAP adherence; however, another study did not identify a relationship between the use of CPAP and the increased risk of postoperative nausea and vomiting (31). With better control of postoperative pain and nausea/vomiting, adherence with CPAP among OSA patients may improve (10). Our patients had a good adherence with 88% completing >4 h of CPAP treatment per night. This may be because our patients received short (1 week), preoperative but not postoperative, and in-hospital but not at home CPAP treatment.



5. Limitations

There were limitations to our study. First, this study had a short-term clinical observation period, with a 1-week preoperative treatment and 12–15 d postoperative in-hospital outcomes. Although all patients had scheduled follow-up evaluations, we anticipate collecting long-time outcomes in future. Second, even though this was a prospective controlled trial, we did not find significant differences in postoperative arrhythmias, pacemaker use, reintubation, and pneumonia, which may be due to the lack of complications in our study group as a result of the small sample size. Further multicenter and large sample studies are needed. Third, we only observed the effect of preoperative CPAP on postoperative outcomes. Postoperative CPAP use may have a more important role in reduction of the incidence of perioperative cardiac and pulmonary complications. Corollary studies are needed to answer the following important questions: What is the optimal duration of CPAP therapy in OSA patients undergoing CVR surgery? Is CPAP therapy effective preoperatively, postoperatively, or both?



6. Conclusion

Preoperative use of auto-CPAP for OSA significantly decreased the duration of mechanical ventilation, and postoperative ICU and hospital stays but failed to show any association with postoperative arrhythmias, pacemaker use, reintubation, and pneumonia.
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