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    Abstract
Background: Sleep deprivation has a deleterious effect on recovery in postoperative patients as it can lead to potentially dangerous side effects. The stress of poor sleep along with surgical stress can lead to increased sympathetic activity, which causes increase in catabolic processes, wakefulness, postoperative fatigue, hemodynamic instability, and neurological dysfunction, all of which will adversely affect postoperative recovery of patients. Aims and Objectives: (i) To compare the quality of sleep in patients, pre and postsurgery. (ii) To identify factors causing postoperative sleep disturbance. (iii) To discuss management strategies for improving postoperative sleep quality in surgical patients. Materials and Methods: The study included sixty patients admitted in the general surgical ward, with participants selected by convenience sampling. The Pittsburgh Sleep Quality Index was used to assess pre- and post-operative sleep quality and scores were compared to assess various components of sleep. Comparisons were also drawn with respect to difference in sleep according to age, sex, type of anesthesia administered, history of past use of sleep medications, and room type. Results and Conclusion: Our study showed poor postoperative sleep quality across all subgroups, i.e., age, sex, use of sleep medications, type of anesthesia administered, and room type. During the postoperative period, subjective sleep quality, sleep latency, and sleep disturbance worsened along with reduced duration of sleep, without significant changes in the habitual sleep efficiency and day-time dysfunction. Sleep is an extremely important physiological requirement for recovery after surgical stress. By identifying which component of sleep is being affected more than others, targeted interventions can be designed by the way of pharmacological or non-pharmacological methods to effectively combat sleep disturbance in surgical patients.
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    Introduction


    Sleep is a reversible behavioral state of perceptual disengagement and unresponsiveness to the environment.[bookmark: ft1][1] It is one of the most important physiological processes required to maintain the physical and mental well-being of an individual, and the amount of sleep required per day varies from person to person. Sleep deprivation is defined as a prolonged period without the usual amount of sleep or a sufficient lack of restorative sleep over a cumulative period so as to cause physical or psychiatric symptoms and affect routine performance of tasks.[bookmark: ft2][2],[bookmark: ft3][3] Sleep deprivation is a major problem in surgical patients having a deleterious effect on postoperative recovery, which is further complicated by the presence of surgical stress response. The surgical stress response comprises of various endocrine and metabolic changes which occur in the body due to injury. The afferent neurons at the site of injury are activated and their firing impulses result in the release of various cytokines such as interleukin-1 (IL-1) and tumor necrosis factor-alpha from activated macrophages and monocytes in the damaged tissues, which subsequently cause the release of IL-6, which, in turn, is responsible for the acute-phase response. There is activation of the hypothalamic–pituitary–adrenal axis resulting in increased sympathetic activity and tissue breakdown, leading to increased catabolic and reduced anabolic processes.[bookmark: ft4][4] This excessive sympathetic activity also causes an increase in alertness and wakefulness, contributing further to postoperative sleep disturbance.[bookmark: ft5][5] Various factors such as postoperative pain, discomfort due to medical devices, positioning of the patient in bed, and external factors such as noise and light in the hospital ward may lead to disturbed sleep during the postoperative period.[bookmark: ft6][6],[bookmark: ft7][7] This, in turn, can cause excessive fatigue, hemodynamic instability, and hypoxemia.[bookmark: ft8][8],[bookmark: ft9][9] Neurological dysfunction, leading to altered mental status; cognitive dysfunctions; and psychological changes such as increased irritability, anxiety, and depressive symptoms also occur as a consequence of disturbed sleep.[bookmark: ft10][10],[bookmark: ft11][11],[bookmark: ft12][12]


    Additionally, poor sleep has also been reported to cause immunosuppression and abnormal immune responses. During sleep, there is reduced activity of the sympathetic nervous system and the hypothalamic–pituitary–adrenal system, which results in the reduction of circulating levels of cortisol, epinephrine, and norepinephrine in the body, which act as immunosuppressants. Furthermore, there is increase in growth hormone, prolactin, and melatonin, all of which are known to increase immune cell activation and production of cytokines. Therefore, with sleep deprivation, there is an increase in immunosuppressant substances and decrease in immune cell activation, causing reduced immunity, thereby predisposing the individual to the development of infections.[bookmark: ft13][13] This makes correcting sleep disturbance in postoperative patients all the more important, as they are already at a higher risk for surgical-site infections, nosocomial infections, and sepsis. Considering the implications, there is a definite need to identify factors contributing to poor sleep quality in surgical patients and provide the necessary interventions to improve sleep so as to reduce the additional stress caused by sleep deprivation, thereby resulting in better postoperative recovery and also improving the patient's subjective sleep quality. Hence, with this background, we started the study with the objectives to compare the quality of sleep in patients pre- and post-operatively and to identify the factors responsible for postsurgical sleep disturbance.


    Materials and Methods


    The present study was a cross-sectional hospital-based study conducted at a tertiary care center in South India. The study sample consisted of sixty patients who were admitted to the general surgical ward. The participants were chosen based on convenience sampling, and the study was conducted over a period of 4 months, from November 2017 to February 2018. Patients admitted in the general surgical ward, aged 18 years and above, were included in the study. Patients admitted to the intensive care units; patients who had undergone multiple surgeries in the past 3 months; and patients with a history of any primary psychiatric illnesses such as primary insomnias, parasomnias, and dyssomnias were excluded from the study. Each patient selected was then explained about the study, and informed consent was taken before data collection. Approval was taken from the institution's Ethics Committee. Data were collected by interview technique, using a pretested semi-structured questionnaire called the Pittsburgh Sleep Quality Index (PSQI) to assess the quality of sleep. The PSQI assesses the participant's perception of global habitual sleep quality and disturbances retrospectively over a 1-month period. There are 19 items in the questionnaire, which are summed up into the following seven components: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and day-time dysfunction. The global score from these components ranges from 0 to 21 points, where lower scores represent a better sleep quality. A global score of 5 or greater is indicative of poor sleep quality.[bookmark: ft14][14]


    Baseline evaluation was done for all those who fitted the inclusion criteria by applying the PSQI scale preoperatively in order to gain knowledge about the patient's usual sleeping habits and the history of use of sleep medication. The participants were then called for interview 1 month postoperatively, when the PSQI was applied for re-evaluation, to assess the amount of sleep quality after surgery. The scores thus obtained were used to compare the quality of sleep and its various components, pre- and post-operatively. Patients who scored 5 or greater on the PSQI were considered to have poor sleep quality and a score of <5 was considered to denote adequate sleep quality. The effect of surgery on the different components of sleep quality according to the PSQI scale was also evaluated by comparing changes in the individual scores which occurred pre- and post-operatively. Analysis was done using SPSS software version 22 statistics for Windows (IBM Corp., Armonk, NY, USA). Descriptive statistics such as percentage were applied and inferential statistics such as paired t-test were applied for the comparison of pre- and post-operative scores, and statistical significance was defined with P = 0.05.


    Results


    Around 30% of the study participants were under 35 years of age, 48.3% were aged 36–60 years, and 21.7% were aged above 60 years. Nearly 58.3% of them were male and 41.7% were female. Almost 60% of the study participants opted for the general ward, 25% for the four-sharing ward, 11.7% for the two-sharing ward, and 3.3% for the single-bed private ward. Nearly 60% of the patients were operated under spinal anesthesia, 31.7% under general anesthesia (GA), and 8.3% under local anesthesia [Table - 1].
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        	Table 1: Distribution of study participants according to various factors
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    Around 53.25% of the patients aged >60 years reported a poor sleep quality as compared to 35.4% of patients aged between 36 and 60 years and 16.5% of those aged <35 years. The number of females with poor baseline sleep quality was slightly higher than the males, with 36% females and 31.43% males reporting poor sleep quality. The proportion of patients who had poor sleep quality with a history of use of sleep medication in the past was more than that of patients who had not used sleep medication, with 72.73% who had used sleep medications reporting poor sleep and 27.27% of patients who had not taken sleep medication reporting poor sleep. Almost 50% of the patients in the general ward had poor sleep, as compared to 13.33% in four-sharing ward type and none in either two-sharing or single-type rooms [Table - 2].
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        	Table 2: Distribution of study participants according to preoperative quality of sleep based on age, sex, past use of sleep medication, and room type
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    Around 55.56% of the patients aged <35 years, 72.41% of 35–60 year olds, and 69.23% of patients aged >60 years reported worsening of sleep quality postoperatively. Nearly 77.1% of males and 52% of the female participants had a poorer sleep quality (scored higher on the postoperative PSQI). Almost 72.73% of the patients with a history of use of sleep medication and 65.31% of the patients with no such history reported poor sleep. Nearly 89.5% of the patients who were given GA had a poorer sleep quality postoperatively compared to 58.3% of patients of spinal anesthesia and 40% of patients of local anesthesia who reported the same. Postoperative sleep disturbance was reported across all types of wards, with 50% patients in single rooms, 42.86% in two-sharing ward type, 46.67% in four-sharing ward type, and 80.56% in the general ward reporting poor sleep quality [Table - 3].
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        	Table 3: Distribution of postoperative sleep quality based on age, sex, type of anesthesia administered, and room type
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    When we compared each of the component scores of the PSQI scale obtained in the pre- and post-operative periods, we found that during the postoperative period, subjective sleep quality was poor (P< 0.001), sleep latency increased (P< 0.001), sleep duration reduced (P = 0.005), and sleep disturbance increased (P< 0.001). However, habitual sleep efficiency did not vary remarkably in the pre- and post-operative periods (P = 0.051). There was also no significant postoperative change in the sleep quality with respect to the use of sleep medications in the past (P = 0.23). Moreover, it was found that there were no pronounced changes in day-time dysfunction in the postoperative period (P = 0.06) [Table - 4].
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        	Table 4: Assessment of changes in the different components of sleep quality pre- and post-operatively
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    Discussion


    The present study included sixty participants, with the majority being middle aged, i.e., within 36–60 years, with 58% of them being males. The aim of the study was to compare the quality of sleep pre- and post-operatively based on various factors and to compare the changes which occurred in different components of sleep pre- and post-operatively. This study showed that, after the surgical intervention, there was significant worsening of subjective sleep quality (the individual's own perception about the quality of his/her own sleep), increase in the sleep latency (the time taken to fall asleep after getting into bed), reduction in the sleep duration (the time in hours the individual actually spends in sleep), and increase in the sleep disturbance (evinced by how often the individual had trouble sleeping because of having pain/discomfort/bad dreams/getting up to use the bathroom). However, there was no significant change in the habitual sleep efficiency (the percentage of time in bed during which the person is asleep) and day-time dysfunction (evidenced by having had trouble staying awake during the daytime, while driving or eating meals or engaging in social activity, besides feeling unenthusiastic about getting things done).


    Comparing the global PSQI scores pre- and post-operatively in different patient groups in our study, i.e., age, sex, type of anesthesia, past use of sleep medications, and room type, there was worsening of global sleep quality across all groups postoperatively. There were no significant intergroup variations (i.e., among different age groups or sexes) with respect to change in postoperative sleep quality in this study. Similar results were reported by Beliaev et al., who assessed postoperative insomnia by using questionnaires on time taken to fall asleep, duration of sleep, night-time awakenings, and other characteristics, with the study showing increased sleep latency (>30 min in 50% of the patients), reduced sleep duration, and increased sleep disturbance in postoperative patients.[bookmark: ft15][15]


    Our study did not show statistically significant changes in the postoperative sleep quality with respect to the history of taking sleep medications in the past. However, it is a well-known fact that benzodiazepines (BZDs) can alter sleep architecture. According to Eisen et al., BZDs reduce the duration of rapid eye movement (REM) sleep and slow-wave sleep and increase the duration of Stage 2 sleep.[bookmark: ft16][16] Therefore, the patient does not enter the stages of deep sleep at all, resulting in the feeling of not being adequately rested even after sleeping for a longer duration. Research shows that around 30% of medical and 85% of the surgical patients receive sedative drugs during hospitalization,[bookmark: ft17][17] and these drugs can contribute significantly to postoperative sleep disturbance. Newer “z-drugs” such as zopiclone and zolpidem have a lesser degree of effect on alteration of sleep architecture and patients are also less likely to develop tolerance or dependence to these drugs, compared to older BZDs. Therefore, the newer drugs can be used instead to reduce the amount of variation in normal sleep architecture, possibly improving postoperative sleep quality.


    Although the present study did not find a significant increase in day-time sleepiness or dysfunction in the postoperative period in our study, studies conducted by Dolan et al. and Gogenur et al. show that there can be alteration in the circadian rhythm postoperatively and reported increased day-time sleepiness in postoperative patients.[bookmark: ft6][6],[bookmark: ft18][18] In a study investigating circadian distribution of sleep phases after major abdominal surgery, significantly increased REM sleep and increased day-time sleepiness were noted after surgery compared to before surgery, providing further evidence that the circadian rhythm gets disrupted postoperatively.[bookmark: ft19][19]


    Our study did not show significant variation in the occurrence of postoperative sleep disturbance in different age groups, but according to another study conducted by Leardi et al., who investigated postoperative sleep disturbance in older individuals, older age had significant impairment of sleep postoperatively compared to younger individuals. This was attributed to impaired melatonin rhythm in older patients.[bookmark: ft20][20]


    Although our study did not show significant variation in sleep quality with respect to the type of anesthesia administered, Desborough states that regional anesthesia can inhibit the stress response to surgery and can therefore improve the postoperative outcome.[bookmark: ft4][4] Therefore, using regional anesthesia rather than general anesthesia wherever feasible might perhaps benefit the postoperative recovery. In addition to the type of anesthesia used, the kind of surgery performed and the resulting surgical stress response have a major role in worsening postoperative sleep quality, as the surgical stress response brings about various endocrine and metabolic changes which increase the sympathetic activity, which in turn causes wakefulness. Kain and Caldwell-Andrews compared the sleeping characteristics of adults undergoing outpatient elective surgery with a community control group and reported that the surgical patients experienced significant sleep disturbances postoperatively, increased pain, increased true-wake-time postoperatively, and more night time awakenings >5 min, but not more overall night-time awakenings. The study also reported that, within the surgery group, those who had higher state of anxiety preoperatively had more difficulty sleeping over the monitoring period.[bookmark: ft21][21] Tranmer et al. reported that surgical patients had more sleep disturbance, less effective sleep, and more need for sleep supplementation than medical patients admitted in the same hospital, possibly due to the surgical stress response in these patients, increasing sleep disturbance.[bookmark: ft22][22] Yasuma and Okada examined the prevalence of insomnia complicated by surgical stress by doing a questionnaire survey of fifty adult surgical patients and found that the incidence of insomnias such as early awakenings and difficulty in initiating and maintaining sleep, which was higher on the day of surgery and 1 day after surgery compared to two nights before surgery, suggesting that sleep quality was worsened by surgical stress.[bookmark: ft23][23] Furthermore, a study comparing postoperative sleep in patients of laparoscopic and open cholecystectomy noted that disturbance of sleep architecture, day-time sleepiness, and increased total sleep time were more for open than for laparoscopic cholecystectomy, in that the disturbances lasted for 4 weeks in open surgery and 1 week in laparoscopic surgery, demonstrating that minimally invasive surgery caused lesser sleep disturbance than open surgery.[bookmark: ft16][16] Rosenberg-Adamsen et al. also showed that there is considerable variation in the sleep architecture, with reduction in the duration of REM sleep and slow-wave sleep postoperatively.[bookmark: ft24][24] A study examining late postoperative nocturnal hypoxemia and associated sleep patterns showed that there was decreased postoperative REM sleep initially, with a rebound increase in the duration and number of episodes of REM sleep later on, with slow-wave sleep, in turn, decreasing significantly during the postsurgical period.[bookmark: ft25][25] Knill et al. showed that anesthesia with abdominal surgery led to intense increase in REM sleep during the postoperative period.[bookmark: ft26][26]


    Closs reported that pain was the most common cause of sleep disturbance postsurgery and that analgesics helped improve sleep more than any other intervention.[bookmark: ft27][27] Dolan et al., who analyzed sleep disturbance and deprivation in surgical patients, reported that pain was the main factor responsible for sleep disturbance, both preoperatively and postoperatively, and environmental factors, i.e., disturbance from nursing staff and noise in the ward became more apparent in the postoperative period.[bookmark: ft6][6] From this, it follows that pain management becomes especially important and will have a significant impact in improving sleep quality. Our study showed postoperative sleep disturbances across all room types, without significant variation with room types. However, Dolan et al. also observed that sleep disturbance decreased with less number of patients in one ward, indicating that lesser number of patients in each ward would vastly improve sleep quality.[bookmark: ft6][6] The reasons for this could possibly be reduction of noise and lesser number of nursing interventions taking place in the ward.


    Strengths and limitations of the study


    The strength of the present study is that it used a standard tool to evaluate sleep quality, which provided us with comparable data. However, it also has certain limitations. The sample size was small and study participants were chosen by convenience sampling, which made it difficult to generalize the study results to the overall population. There was also potential for recall bias as the questionnaire was administered retrospectively, a month after the surgery, when the patient was called for re-interview. We did not assess the type and duration of sleep medications used in the past, which could possibly have had an effect on the current quality of sleep, as various sedatives and hypnotics affect sleep quality and architecture in different ways. Besides the small sample size, the subgroups in each type were also much smaller and heterogeneous, as we included patients of different age groups and those undergoing various kinds of surgeries, which resulted in nonsignificant results with regard to several associations, which otherwise have had significant results in other similar studies.


    Conclusion


    The present study shows that there is significant reduction in the quality of sleep in the postoperative period as compared to the preoperative period. This can get further exacerbated with the use of GA for surgery, increasing age of the patient, and the use of sleep medications, which affect sleep architecture. In addition, the type of surgery and the surgical stress response might also contribute to poor postoperative sleep. As this can have several adverse effects on the postoperative recovery of the patient, it is necessary to identify the factors responsible, address these issues as early as possible, and apply interventions to reduce postoperative stress and sleep disturbance. Further studies are necessary, which employ objective methods of sleep quantification such as electroencephalography, electrooculogram, and electromyogram, which will allow objective evaluation of the level of deterioration of sleep quality in the postoperative period. The nursing staff and also the patients' caregivers and bystanders should be educated about the importance of sleep, the implications of poor sleep to the patient, and the ways to recognize the factors responsible for sleep disturbance and should be trained to reduce disturbance, which can consequently improve sleep quality of the patients.


    Using regional anesthesia wherever possible, reducing the surgery time whenever possible and keeping it to a minimum, restricting monitoring to whenever necessary only, alleviation of postoperative pain by administering sufficient analgesia, and using newer z-drugs which do not alter sleep architecture are some of the management strategies which can be tried to improve postoperative sleep disturbance.
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  Table 1: Distribution of study participants according to various factors
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  Table 2: Distribution of study participants according to preoperative quality of sleep based on age, sex, past use of sleep medication, and room type
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  Table 3: Distribution of postoperative sleep quality based on age, sex, type of anesthesia administered, and room type
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  Table 4: Assessment of changes in the different components of sleep quality pre- and post-operatively
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Two sharing 4 (57.14) 3 (42.86) 7 (100)

Four sharing 8 (53.3) 7 (46.67) 15 (100)

General ward 7 (19.44) 29 (80.56) 36 (100)
Type of anesthesia

GA 2 (10.5) 17 (89.5) 19 (100)

SA 15 (417) 21 (58.3) 36 (100)

LA 3 (60) 2 (40) 5 (100)

el el

GA=General anesthesia: SA=Spinal anesthesia; L
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Changes in the components of sleep quality MeanzSD P
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9.0+3.8
0.3:0.9 0.23
0.4+0.99
0.18£0.6  0.06
0.471.4

SD=Standard deviation





