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Background: Postoperative sleep disorder is common in elderly surgery patients, and it often worsens their recovery after surgery. This study aimed to explore the effect of intraoperative dexmedetomidine dose on postoperative sleep quality.

Methods: Based on information regarding dexmedetomidine use during surgery from an electronic medical record system, 4,349 elderly surgery patients were divided into three groups: 1,374 without intraoperative use of dexmedetomidine (Non-DEX), 917 with dexmedetomidine 0.1–0.2 μg/kg/h (Low-DEX), and 2,058 with dexmedetomidine >0.2 μg/kg/h (High-DEX). The numerical rating scale (NRS) for sleep disturbance during the first night after surgery was recorded, and the incidence of NRS ≥ 6 was considered the primary outcome.

Results: NRS (P < 0.001) and incidence of severe sleep disturbance (P < 0.001) were lower in patients receiving intraoperative dexmedetomidine than in those without the intraoperative use of dexmedetomidine. Patients in the Low-DEX group had the lowest incidence, followed by those in the High-DEX and Non-DEX groups (6.7% vs. 13.7% vs. 19.5%). After propensity score matching, 906 pairs of elderly surgery patients were included in the Low-DEX and High-DEX groups, and the Low-DEX group had lower NRS (2.7 ± 2.1 vs. 3.1 ± 2.4, P < 0.001) than the High-DEX group. The incidence of severe sleep disturbance was lower in the Low-DEX group than in the High-DEX group (6.6% vs. 12.8%) with an odds rate of 0.48 (95% confidence interval, 0.35 to 0.67).

Conclusions: For elderly patients, intraoperative dexmedetomidine use can significantly improve the quality of the first night sleep after surgery. Low-dose (0.1–0.2 μg/kg/h) dexmedetomidine can have an improvement effect on sleep quality, and it is recommended to improve the quality of postoperative sleep.
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INTRODUCTION

For elderly patients undergoing surgery, postoperative sleep disorder is a very common clinical problem that may worsen the patients' recovery after surgery, e.g., increasing the risk of inadequate postoperative pain control, delirium, or cognitive dysfunction (1–5). In addition, one study has demonstrated that enhancing sleep quality after total shoulder arthroplasty can directly improve the patients' functional outcomes (6). Numerous methods have been used to improve sleep quality after surgery, such as using blinders and earplugs to eliminate noise and light and using melatonin and sedative-hypnotic drugs (7–10). However, few studies have currently attempted to improve postoperative sleep quality during the intraoperative period.

Two previous studies found that dexmedetomidine, an α2 adrenoreceptor agonist, has the potential to improve the sleep quality of elderly postoperative patients (11, 12). Continuous infusions of low-dose dexmedetomidine (0.1 μg/kg/h) at night can improve patients' postoperative first night sleep quality in the intensive care unit (ICU) by changing the patients' sleep structure (12). Furthermore, one randomized small sample size study demonstrated that intraoperative continuous infusions of dexmedetomidine (0.1 μg/kg/h) can improve the first night sleep quality in elderly patients following lung cancer surgery (13). Another recent randomized study found that dexmedetomidine use (0.2–0.7 μg/kg/h) during a daytime operation can better improve postoperative sleep quality in patients (aged 30 to 55) undergoing laparoscopic abdominal surgeries (14). These studies demonstrated that intraoperative dexmedetomidine use may be an optional strategy to improve the postoperative sleep quality of elderly surgery patients. However, these studies were restricted to several specific populations and established study protocol, and the dexmedetomidine dose that is optimal to improve postoperative sleep quality for elderly surgery patients remains unknown. Therefore, this study aimed to retrospectively recruit elderly surgery patients to explore the effect of intraoperative dexmedetomidine dose on postoperative sleep quality.



METHODS


Patients

This study was conducted according to the STROBE guidelines as a single-center, retrospective observational study (15). All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. The study protocol was approved by the Institutional Review Boards of the Second Affiliated Hospital, Chongqing Medical University. Since the current study was designed as a retrospective study based on the hospital medical record system, informed consent from the patients was waived. All unidentifiable patient data for analysis in the study can be acquired from the corresponding author TZ through email. As shown in Figure 1, a total of 4,908 elderly patients (age ≥ 65 years) undergoing elective surgery were inquired and collected from the hospital electronic medical record system from February 2018 to August 2019. The exclusion criteria included cardiac surgery, American Society of Anesthesiologists Physical Status Classification (ASA class) IV or V, history of mental disease, obstructive sleep apnea, coma, or unconsciousness.
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FIGURE 1. The study population with the inclusion and exclusion criteria.




Baseline Data and Surgical Information of Intraoperative Interventions

Based on the hospital electronic medical record system, basal demographic data such as sex, age, height, weight, BMI, and smoking status were collected. The ASA class and common diseases of the elderly, including hypertension, cardiac disease, diabetes, and pulmonary disease, were recorded. According to the surgical site and types, patients were categorized as abdominal operation, orthopedic operation, neurological operation, or other operation. According to whether the time of operation was ≥2 h or not, the surgeries were divided into major or non-major surgeries, and the surgery methods were classified as minimally invasive and non-minimally invasive surgery. In addition, because one study reported that dexmedetomidine use during daytime and nighttime surgery has different effects on sleep quality (14), we also collected the starting times of the surgeries for all the included patients. The starting times were classified as morning (0:00–12:00 AM) and afternoon (12:00–24:00 PM).



Anesthetic and Analgesia Strategies

In the hospital, anesthetic strategies were selected according to the anesthetists' comprehensive evaluation based on the types of surgery, preoperative complication, patients' wishes, and operating room environment and conditions. In this study, the anesthesia methods recorded were grouped into general anesthesia or non-general anesthesia. For some major surgeries, including thoracic surgery, abdominal surgery, and neurosurgery, general anesthesia was often performed, while for orthopedic and urinary surgeries, non-general anesthesia was often performed. Whether or not dexmedetomidine was used during the surgery and the mean dosage of dexmedetomidine according to patients' weight and time of operation were also recorded. In the hospital, dexmedetomidine usage and its dosage was determined by the anesthesiologist according to his/her experience and the patients' status. However, dexmedetomidine was administered via a pump at 0.1 to 0.6 μg/kg/h after anesthesia induction for general anesthesia patients and after the spinal anesthesia or nerve block for non-general anesthesia patients. In addition, for the primary analysis of the current study, patients were grouped as low-dose (Low-DEX, 0.1–0.2 μg/kg/h, ≤ 1/3 of the highest dose in the current population) and high-dose (High-DEX, >0.2 μg/kg/h) populations according to the dexmedetomidine dose. Furthermore, whether patients receiving postoperative patient-controlled intravenous analgesia (PCIA) with opioids provided by the acute pain service group was also recorded. In the hospital, sufentanil and flurbiprofen axetil were routinely combined and applied in PCIA, of which parameters were adjusted according to surgery type and patients' personal details.



Postoperative Outcomes

From February 2018 onward, a specialized postoperative visiting team was established for surgery patients' follow-up in the hospital. All surgery patients were interviewed at 12, 24, and 48 h after the surgery. The postoperative visiting team was independent of the anesthetists' work in the surgical room and they were blind to the patients' intraoperative intervention. The investigators were asked to record the surgery patients' subjective first night sleep quality using the numerical rating scale (NRS, 0 to 10, which “0” represents excellently good sleep and “10” represents could not completely fall asleep during the whole night) (11, 16, 17). In the study, the primary outcome was set as the incidence of severe sleep disturbance (SSD), which was defined as NRS ≥6, indicating that sleep was repeatedly interrupted during the whole night or even worse.

Beyond that, the postoperative visiting doctors also routinely assessed the patients' pain intensity (NRS, “0” represents no pain, while “10” represents intolerable pain) at 24 and 48 h after surgery. If a patient presented with severe pain (NRS ≥ 4) and required additional analgesia intervention at 48 h after surgery, the patient was recorded as case requiring additional analgesia (18, 19). In addition, whether the patient can independently perform off-bed activities at 48 h after surgery and hospital stay for all the surgery patients were also recorded. Postoperative complications, including bradycardia and hypotension, during 48 h after the surgery that may develop because of dexmedetomidine were recorded. Bradycardia was defined as heart rate <55 bpm or a decrease of >20% from baseline and hypotension as systolic blood pressure <95 mmHg or a decrease of >20% from baseline (11).



Power Calculation

In the current study, the incidence of SSD were considered the primary endpoint, and propensity score-matched (PSM) analysis was considered the primary analysis. PASS software version 11.0 (NCSS, Hayesville, UT, USA) was used to calculate the power according to a two-sided group comparison and a sample size of 906 in the PSM analysis achieved a power of 0.994 to detect a rate difference of 6.2% in incidence of SSD between the Low-DEX and High-DEX groups.



Statistical Analysis

In the study, all variables were assessed and analyzed using the R statistical software, and a two-sided P < 0.05 was considered statistically significant. Continuous variables are presented as mean ± standard deviation, and categorical variables are presented as number (percentage). Firstly, patients were grouped as Low-DEX, High-DEX, and Non-DEX (without intraoperative dexmedetomidine use) populations. Continuous baseline and outcome data between the three groups were compared using one-way analysis of variance or a Kruskal-Wallis test and post-hoc multiple comparisons were performed using Bonferroni corrections. The x2 test or Fisher's exact test was used to compare categorical variables among the three groups, and Bonferroni corrections were also used to perform post-hoc multiple comparisons.

Secondly, an enter model logistic regression analysis was performed to identify the potential effect factors for SSD after the surgery. The baseline variables including sex, BMI group (≤ 18.5 kg/m2, 18.5–25 kg/m2, ≥25 kg/m2), smoking (yes/no), ASA class, surgery duration (<2 h or ≥2 h), surgery types and time periods (morning or afternoon), minimally invasive surgery (yes/no), general anesthesia (yes/no), with or without hypertension, cardiac disease, diabetes, and pulmonary disease, and whether or not receiving PCIA were included in the model. Then, based on the baseline factors (P < 0.05) with differences between patients of the Low-DEX and High-DEX groups and the identified factors (P < 0.05) in the logistic model, we performed a PSM analysis to further compare the effect of intraoperative dexmedetomidine dose on postoperative sleep quality. Matching using the 1:1 nearest neighbor method without replacement under a logit model was performed. After matching analysis, Student's t-tests, Mann–Whitney tests, and x2 tests were performed to compare the difference between the two groups according to the types of variables. In addition, the relative risk with 95% confidence interval (CI) was calculated for the primary outcome.

Thirdly, subgroup analysis including all patients who received dexmedetomidine during the surgery was performed according to the two anesthesia methods that the patients received. The presence or absence of severe postoperative SSD was considered as the dependent outcome. Step-wise logistic regression analysis was performed and all the baseline variables and dexmedetomidine doses (Low-DEX or High-DEX) were included in the model. An odds rate with 95% CI was, respectively, calculated for the two populations.




RESULTS

As shown in Figure 1, a total of 4,908 elderly patients were inquired and 4,349 cases were included in the final analysis according to the inclusion and exclusion criteria. Demographic and preoperative data of all the included patients in the Non-DEX, Low-DEX, and High-DEX groups were listed in Table 1. Compared to patients who did not receive intraoperative dexmedetomidine, there were significant differences in age, BMI, rate of preoperative cardiac or pulmonary disease, surgery duration, rate of major surgery, surgery type, rate of general anesthesia, and receiving PCIA for patients receiving intraoperative dexmedetomidine. A difference was found in age, BMI, rates of pulmonary disease, and whether or not the patient underwent general anesthesia between the Low-DEX and High-DEX groups. The bar-chart plot of NRS of sleep quality by group (Non-DEX, Low-DEX, and High-DEX) is shown in Figure 2.


Table 1. Clinical characteristics at baseline and postoperative outcomes between the Non-DEX, Low-DEX, and High-DEX patient groups.
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FIGURE 2. Bar-chart plot of the NRS of sleep quality in the different groups [(A) Non-DEX group; (B) Low-DEX group; (C) High-DEX group]. Box, percentage.


As shown in Figure 3A, distributions of NRS for sleep disturbance in different groups were presented; the distribution of NRS for sleep disturbance in the Low-DEX (2.7 ± 2.1 vs. 4.0 ± 2.3, P < 0.001) and High-DEX (3.1 ± 2.4 vs. 4.0 ± 2.3, P < 0.001) groups were significantly lower than that in the Non-DEX group, and it was lower in the Low-DEX group than in the High-DEX group (P < 0.001). Furthermore, significant differences regarding the incidence of SSD existed among the three groups, patients in the Low-DEX group had the lowest incidence and it was lower in the High-DEX group than in the Non-DEX group (6.7% vs. 13.7% vs. 19.5%, P < 0.001, Figure 3B). The calculated odds rate for the High-DEX group was 0.65 (95% CI, 0.54 to 0.78, P < 0.001) compared to the Non-DEX group and it was 0.29 (95% CI, 0.22 to 0.39, P < 0.001) for the Low-DEX compared to the Non-DEX group. Patients in the High-DEX group showed higher incidence of bradycardia than those in the Non-DEX (20.7% vs. 15.7%, P < 0.001) and Low-DEX (20.7% vs. 14.3%, P < 0.001) groups. The incidence of hypotension in the High-DEX group was higher than that in the Non-DEX group (31.6% vs. 25.8%, P < 0.001). No significant difference was found in bradycardia or hypotension between the Non-DEX and Low-DEX groups (P > 0.05). In addition, hospital stay in the Low-DEX group was significantly shorter than that in the High-DEX and Non-DEX group (P < 0.001, Table 1).
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FIGURE 3. NRS for sleep disturbance (A) and the incidence of severe sleep disturbance (B) during the first night after the surgery in the Non-DEX group (n = 1,374), Low-DEX group (n = 917), and High-DEX group (n = 2,058) patients. ***P < 0.001; (A) box plot, interquartile range; solid line, median; whiskers, third quartile + 1.5* interquartile range; dots, abnormal value. (B) box, percentage.


In the logistic regression analysis, to explore the effect factors for SSD, the model was significant when P < 0.001. Preoperative cardiac and pulmonary disease, operation time period, surgery type, and whether the patient received PCIA were identified as significant effect factors (P < 0.05, Table 2). Regarding dexmedetomidine use, the odds rates for the Low-DEX and High-DEX groups were 0.32 (95% CI, 0.23 to 0.43, P < 0.001) and 0.68 (95% CI, 0.57 to 0.83, P < 0.001), respectively, compared with those for the Non-DEX group.


Table 2. Potential effect factors on severe sleep disturbance after surgery in an enter logistic regression analysis model.
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Then, based on these identified factors in the logistic model and the baseline factors with differences (P < 0.05, Table 1) between patients of the Low-DEX and High-DEX groups, we performed a PSM analysis, and it yielded 906 patients in the Low-DEX group matched with 906 patients in the High-DEX group (Figure 4A). The results are shown in Table 3, and no significant difference was found in any basal factor. Distributions of NRS for sleep disturbance in different groups are presented in Figure 4B, the Low-DEX group showed lower NRS (2.7 ± 2.1 vs. 3.1 ± 2.4, P < 0.001) than the High-DEX group. The incidence of SSD was lower in the Low-DEX group than in the High-DEX group (6.6% vs. 12.8%, P < 0.001, Figure 4C). The calculated odds rate for the Low-DEX group was 0.48 (95% CI, 0.35 to 0.67, P < 0.001) compared with that for the High-DEX group. In addition, hospital stay in the Low-DEX group was significantly shorter than that in the High-DEX group (P < 0.001) and no significant difference was found in the incidence of independent off-bed activity or additional analgesia requirement (Table 3).
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FIGURE 4. Propensity score-matched analysis for comparisons between Low-DEX and High-DEX group patients. (A) Distributions of elderly surgery patients in the Low-DEX and High-DEX groups in propensity score-matching. (B,C) NRS for sleep disturbance and the incidence of SSD during the first night after the surgery in Low-DEX (n = 906) and High-DEX group (n = 906) patients after PSM analysis. ***P < 0.001; (B) box plot, interquartile range; solid line, median; whiskers, third quartile + 1.5* interquartile range; dots, abnormal value. (C) box, percentage.



Table 3. Comparisons of the clinical characteristics and postoperative outcomes between Low-DEX and High-DEX patient groups after PSM analysis.

[image: Table 3]

Subgroup analysis with step-wise logistic regression analysis in the patients undergoing general and non-general anesthesia were, respectively, performed. As shown in Table 4, in the general anesthesia population, intraoperative dexmedetomidine dose (P < 0.001) and surgery type (orthopedic surgery, P < 0.001) were identified as effect factors for SSD, while in the non-general anesthesia population, intraoperative dexmedetomidine dose (P = 0.026) and receiving PCIA (P = 0.002) were identified. The odds rate in the Low-DEX group in the general anesthesia population compared with that in the High-DEX group was 0.39 (95% CI, 0.27 to 0.57, P < 0.001) and that in the non-general anesthesia population was 0.59 (95% CI, 0.37 to 0.94, P < 0.001).


Table 4. Risk factors for severe sleep disturbance among patients who received dexmedetomidine therapy under general anesthesia and non-general anesthesia in a stepwise logistic regression analysis model.
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DISCUSSION

Based on the current study, the results showed that for elderly surgery patients, both a low dose (0.1–0.2 μg/kg/h) and a high dose (>0.2 μg/kg/h) of intraoperative dexmedetomidine can significantly decrease the incidence of first night SSD after surgery compared to patients who did not use dexmedetomidine during the surgery. Interestingly, compared to high-dose dexmedetomidine, a low dose has far better improvement effects for postoperative sleep quality. This finding was further validated in the PSM and subgroup analyses.

In the study, intraoperative dexmedetomidine use was found to be associated with better sleep quality and lower incidence of SSD. Exploring the use of dexmedetomidine to improve sleep quality in elderly patients has been reported through polysomnography recordings in the intensive care unit (12). Although in this study dexmedetomidine was used after surgery, it proved that dexmedetomidine has the potential to improve the first night sleep quality of postoperative surgical patients by changing the sleep structure. In a recent study, intraoperative dexmedetomidine was further explored in respect to its effect on postoperative sleep through polysomnography recording (14). This study demonstrated that using dexmedetomidine during a daytime operation can better improve the first night sleep quality. However, a control group without intraoperative dexmedetomidine use was absent in this study. Thus, it remains unclear whether intraoperative dexmedetomidine use has the effect of changing the sleep structure. Currently, no large sample size study has explored the sleep improvement effect of intraoperative dexmedetomidine. In this retrospective study, more than 4,000 elderly surgery patients were included and compared to Non-DEX patients; both patients in the Low-DEX and High-DEX groups showed better sleep after surgery. Thus, the current finding provides powerful evidence for the improvement of postoperative sleep quality through intraoperative dexmedetomidine use.

Furthermore, the current study found that low-dose (0.1–0.2 μg/kg/h) dexmedetomidine had far better improvement effects for postoperative sleep quality compared to the high dose (>0.2 μg/kg/h). In the retrospective cohort, compared to Non-DEX group patients, dexmedetomidine use could decrease the risk of SSD to 2/3 in the High-DEX group and 1/3 in the Low-DEX group. Then, we used PSM analysis to exclude the potential bias induced by basal confound factors. The results further validated that the NRS for sleep disturbance and incidence of SSD in the Low-DEX group were lower than those in the High-DEX group. Moreover, the odds rate reached 0.48 (95% CI, 0.35 to 0.67), indicating that low-dose dexmedetomidine can decrease about half of the risk for postoperative SSD compared to the high dose. Therefore, based on the current results, we concluded that intraoperative low-dose (0.1–0.2 μg/kg/h) dexmedetomidine might be optimal for improving the sleep quality after surgery for elderly patients.

The reason for the different effects of sleep improvement between the High-DEX and Low-DEX groups remains unknown. A U-shaped benefit curve may exist in intraoperative dexmedetomidine use. Currently, many studies have confirmed that dexmedetomidine use in intensive care units can effectively decrease the incidence of delirium (20, 21). However, several randomized clinical trials found that the reduction in delirium previously demonstrated in intensive care unit studies was not observed when dexmedetomidine was intraoperatively infused during the surgery (22–24). As we know, sleep disorder is an important component for diagnosing delirium (25, 26), as previous studies have reported that poor sleep after surgery is associated with a higher incidence of delirium in elderly patients (27, 28). Thus, these studies seemed not to support the intraoperative use of dexmedetomidine to improve postoperative sleep quality. We found that in the above three studies, the intraoperative dexmedetomidine dose was fixed at 0.4 or 0.5 μg/kg/h. In contrast, one recent randomized study with a small sample size demonstrated that intraoperative continuous infusions of dexmedetomidine (0.1 μg/kg/h) can reduce the incidence and intensity of delirium and also improve the first night sleep quality in elderly patients (13). Also, intraoperative low-dose infusions of dexmedetomidine (0.2 μg/kg/h) was found to reduce the emergence of agitation after strabismus surgeries (29). Thus, the current results further supported the fact that intraoperative low-dose dexmedetomidine might have the best effect on improving sleep quality after surgery.

Beyond that, regarding the postoperative complications for which dexmedetomidine may be incriminated, we found that High-DEX would increase the risk of bradycardia and hypotension compared to Non-DEX. However, different from High-DEX, Low-DEX did not increase these risks. This might also contribute to the different effects on sleep improvement between High-DEX and Low-DEX. This also indicated that intraoperative use of low-dose dexmedetomidine might be a safe strategy to improve the postoperative sleep quality. The effects of intraoperative dexmedetomidine on postoperative pain treatment should also be noted in the study. Poor sleep after surgery has been demonstrated to be associated with more severe postoperative pain (30, 31). However, in this study, no difference was found in postoperative pain between the Low-DEX and High-DEX groups. This indicated that a better effect of intraoperative low-dose dexmedetomidine on sleep improvement might depend on its direct effect on sleep. However, the results showed that the mean pain NRS (<2) and the incidence of additional pain treatment (about 10%) was relatively low in the current population. Thus, considering the low NRS and incidence, the effect of intraoperative dexmedetomidine on postoperative pain might have been underpowered.

In addition, in the subgroup analysis, we found that in both the general and non-general anesthesia population, low-dose dexmedetomidine had the best sleep improvement effect. At present, most of the trials focused on the general anesthesia population to explore the effect of intraoperative dexmedetomidine on postoperative delirium, emergence agitation, or sleep (11, 12, 22, 23, 32). To the best of our knowledge, the current study was the first to include non-general anesthesia patients to explore the sleep improvement effect of low-dose intraoperative dexmedetomidine use. One study has suggested that intraoperative dexmedetomidine sedation has a greater beneficial effect in reducing agitated behavior in elderly patients undergoing orthopedic surgery with regional anesthesia compared to propofol, but the dose was set at a continuous 0.1–0.5 μg/kg/h (33). Another study regarding patients undergoing vitreoretinal surgery demonstrated that adding low-dose dexmedetomidine (about 0.2 μg/kg/h, used as adjuvant for block) to levobupivacaine in vitreoretinal surgery could provide better sleep quality in the first postoperative night compared with levobupivacaine alone (34). This evidence further supported the current finding that it was also effective using low-dose intraoperative dexmedetomidine to improve the sleep quality after surgery.

There are several limitations that should be considered in the current study. Firstly, because of the retrospective design of the current study, the protocol for the included patients' intraoperative operation and medication was difficult to standardize. Secondly, as some previous studies, subjective sleep quality were evaluated using the NRS (16, 17) and no polysomnography parameter was analyzed in the current study. Thus, the underlying evidence for the improvement effect of low-dose dexmedetomidine during surgery on sleep quality needs to be further explored. In addition, only the first night sleep quality was recorded in the study and the time effect of the intraoperative dexmedetomidine remains unclear. Thirdly, in the hospital, most of cardiac surgery patients were sent to an intensive care unit without tracheal tube extubation after the surgery. The postoperative treatment is markedly different between cardiac surgery patients and non-cardiac surgery patients and we did not include cardiac surgery patients in the study. Thus, further study is needed to explore the effect of intraoperative dexmedetomidine on cardiac surgery patients' postoperative sleep quality. However, one strength of the current study should be noted. Different from previous studies, this study retrospectively included a relatively large sample size of elderly surgery patients to explore a better pharmacological strategy to intraoperatively prevent postoperative sleep disorder in a real-world background. This clinical finding was consistently validated in group comparisons, PSM analysis, and sub-group analysis.



CONCLUSION

In summary, for elderly surgery patients, intraoperative dexmedetomidine use can significantly improve the first night sleep quality after surgery. Low-dose (0.1–0.2 μg/kg/h) intraoperative dexmedetomidine can provide a better improvement effect on sleep quality and thus 0.1–0.2 μg/kg/h should be recommended during surgery when considering postoperative sleep improvement.
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