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Background: Postoperative delirium (POD) is an acute brain dysfunction that is frequently observed in patients undergoing cardiac surgery. Increasing evidence indicates POD is related to higher mortality among cardiac surgical patients, but the results remain controversial. Moreover, a quantitative evaluation of the influence of POD on hospital days, intensive care unit (ICU) time, and mechanical ventilation (MV) time has not been performed.

Objective: This study aimed to evaluate the correlation between POD and outcomes in patients undergoing cardiac surgery by a systematic review and meta-analysis.

Materials and methods: A total of 7 electronic databases (Cochrane Library, PubMed, EMBASE, CINAHL Complete, MEDLINE, Wan-fang database, and China National Knowledge Infrastructure) were searched from January 1980 to July 20, 2021, with language restrictions to English and Chinese, to estimate the impact of the POD on outcome in patients who underwent cardiac surgery. The meta-analysis was registered with PROSPERO (Registration: CRD42021228767).

Results: Forty-two eligible studies with 19785 patients were identified. 3368 (17.0%) patients were in the delirium group and 16417 (83%) were in the non-delirium group. The meta-analysis showed that compared to patients without POD, patients with POD had 2.77-fold higher mortality (OR = 2.77, 95% CI 1.86–4.11, P < 0.001), 5.70-fold higher MV (>24h) rate (OR = 5.70, 95% CI 2.93–11.09, P < 0.001); and longer MV time (SMD = 0.83, 95% CI 0.57–1.09, P < 0.001), ICU time (SMD = 0.91, 95% CI 0.60–1.22, P < 0.001), hospital days (SMD = 0.62, 95% CI 0.48–0.76, P < 0.001).

Conclusion: The synthesized evidence suggests that POD is causally related to the increased risk of mortality, prolonged length of ICU and hospital stay, and a longer duration of MV time. Future research should focus on the interventions for POD, to reduce the incidence.

Systematic review registration: [www.crd.york.ac.uk/PROSPERO], identifier [CRD42021228767].
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Introduction

Cardiovascular disease has become one of the greatest threats to human health in the 21st century (1). The number of patients suffering from cardiovascular disease has increased dramatically over recent years worldwide (1, 2), and the amounts of cardiovascular operations have also increased rapidly. According to the latest report, 1.5 million cardiac surgeries are performed globally every year approximately (3), and the incidence of complications varies from 2 to 60% following cardiac surgery (4). POD is the most common complication among cardiac surgical patients with an incidence of 25–52% (5). It is defined as an acute disturbance of consciousness characterized by acute and fluctuating changes in attention, awareness, and cognition (6), with a poor prognosis. An analysis published in Lancet reported that delirium costs more than $164 billion in health care expenses in the United States each year (7), bringing a heavy economic burden to society. Thereby, the prognosis of POD is receiving greater public attention (8).

In recent years, a large body of evidence indicates that POD in patients undergoing cardiac surgery is significantly associated with poor prognosis. However, the results remain controversial. Compared with patients without POD, cardiac surgical patients who develop POD have higher mortality (9, 10). While others suggest that POD is not significantly related to mortality (11, 12). According to our literature search, only one review evaluated the association between POD and mortality in patients undergoing TAVR which was published in 2020 (13), seven studies are included and the sample size is relatively small. Individual studies have insufficient power to detect the association and to persuade convey conflicting results. Furthermore, a quantitative evaluation of the influence of POD on hospital days, ICU time, and MV time has not been performed.

It should be noted that we do not draw enough attention to delirium since the insufficient recognition and under-reporting (14, 15). Knowledge of the true magnitude of POD and its associated burdens in cardiac surgical patients would allow healthcare professionals to allocate much-needed resources toward reducing morbidity and mortality associated with delirium after cardiac surgery. Therefore, we conducted a systematic review and meta-analysis to explore the relationship between POD and outcomes in these patients, including short-term and after-discharge mortality, hospitalization, ICU stays, and MV time, to provide scientific data for POD management after cardiac surgery.



Materials and methods


Report and register

This systematic review and meta-analysis followed the PRISMA (16) (see Supplementary Table 1). The protocol has been registered in PROSPERO (Registration: CRD42021228767).



Data sources and searches

We conducted a comprehensive computerized search of the medical literature using 5 major English databases, including Cochrane Library (search date: August 15, 2021), PubMed (search date: August 25, 2021), EMBASE (search date: August 30, 2021), CINAHL Complete (search date: September 5, 2021), and MEDLINE (search date: September 15, 2021). We also searched two major Chinese databases, Wan-fang database (search date: September 20, 2021), and China National Knowledge Infrastructure (search date: September 20, 2021). All these databases were recommended by domain experts in evidence-based medicine. The retrieval scheme was mainly based on a combination of subject words and free words. Search terms included delirium (i.e., delirium, delirious, intensive care delirium, cognitive dysfunction) and cardiac surgery (i.e., cardiac surgery, heart surgery, open heart; see Supplementary Table 2 for the search strategies). A manual search was further performed to search the reference lists of relevant articles. Databases were searched from January 1980 to July 20, 2021, and the language of studies were limited to English and Chinese.

Studies were included if they satisfied the following inclusion criteria: (1) Type of participants: adult patients (aged ≥18 years) undergo cardiac surgery. (2) Type of exposure: POD, and it must be identified using a validated CAM-ICU, CAM, ICDSC; or diagnosed according to DSM-4 or DSM-5. (3) Type of outcome: studies report at least one of the following outcomes, mortality, hospital days, ICU time, and MV time. If mortality was reported at multiple time points, the longest follow-up mortality was used for analysis. (4) Types of studies: prospective or retrospective observational study. When multiple articles included the same population of patients, only the newest, or the most complete publication was selected. The exclusion criteria were as follows: (1) Conference abstracts and articles where the full text was unavailable. (2) Studies of poor quality (the NOS <5). (3) Repeated published literature.



Study selection and data extraction

Literature screening was independently conducted by two researchers. First, we used the reference management software Endnote X8 for literature classification, preparation, and removal of duplicates. Then two reviewers independently read titles and abstracts and preliminary screened the literature according to inclusion and exclusion criteria. Finally, the remaining records were evaluated by reading the full-text papers. Reasons for exclusion of studies following full-text reading were recorded. Discrepancies were resolved by discussion or consulting the third reviewer.

Two researchers independently performed the data extraction using a pre-established data extraction table. We recorded the following information (when available): author, publication year, country, study design, sample size, inclusion/exclusion criteria, data collection time, age, gender, types of cardiac surgery, method of POD assessment, clinical outcomes, etc. Authors of studies with missing data were contacted by email to obtain additional data.



Evaluation of study quality

Study quality was assessed by two researchers using the NOS (17), which included three aspects: object selection, comparability, and exposure/outcome assessment. NOS scores ranged from 0 to 9, and a score of 0 to 4, 5 to 6, and 7 to 9 indicated low, intermediate, and high quality, respectively, (18). The result of the assessment was cross-checked by two researchers and disagreements were resolved under discussion.

Besides, an assessment of the overall quality of evidence was made according to the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) framework (16). We assessed the risk of bias, consistency of effect, indirectness, imprecision, and publication bias. And we used GRADEpro GDT to generate the evidence profile.



Data synthesis and analysis

All of data were analyzed by the software RevMan5.3., and P < 0.05 was considered statistically significant. The outcomes were mortality, hospital days, ICU time, and MV time. When MV time was reported as counting data, we extracted the incidence of MV time (>24h). The inverse variance method with a SMD as the measure of an effect estimate was used for continuous variables, whereas the Mantel–Haenszel method with OR and 95% CI was employed for dichotomous variables.

Before the combined data were analyzed by meta-analysis, the heterogeneity of each group was tested. Heterogeneity was qualified by I2 (<25%, low heterogeneity; 25–50%, moderate heterogeneity; and >50%, strong heterogeneity). A fixed-effect model was used when the heterogeneity was low or moderate (P > 0.1, I2 < 50%), and a random-effects model was adopted when heterogeneity was high (P ≤ 0.1, I2 ≥ 50%). To explore the source of heterogeneity, we performed subgroup analyses according to the study designs, sample size, countries, types of cardiac surgery et al. And sensitivity analyses were performed by sequentially removing each study and rerunning the analysis, to verify the robustness of the review conclusions. Furthermore, publication bias was measured using a funnel plot.




Results


Study selection

A total of 22,032 records were retrieved from the literature search, and 13571 were obtained after the removal of duplicates. By reading titles and abstracts, 13342 studies were excluded, as they did not fulfill the selection criteria. Eventually, 229 articles were included for full-text review, of which 42 (35 and 7 articles in English and Chinese, respectively) were finally included. The literature screening process was listed in Figure 1.
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FIGURE 1
Flow diagram to identify studies reporting the outcome of postoperative delirium in patients undergoing cardiac surgery.




Study characteristics

The characteristics of included studies were shown in Table 1. Among the 42 studies, 31 were prospective studies (9, 12, 19–47), and 11 were retrospective studies (10, 48–57), which were published between 2004 and 2021. Sample sizes ranged from 66 to 3397. A total of 19785 patients were included and the male proportion of each study varied from 36.9 to 84.3%. Concerning procedure types, it includes acute CABG (22, 38, 42, 48, 53), valve surgery (10, 21, 26, 31–33, 46, 49, 51), AAD surgery (44, 52, 54, 57), and mixed cardiac surgery (9, 12, 19, 20, 23–25, 27–29, 35, 36, 47, 55, 56).


TABLE 1    Characteristics of the included studies.
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Table 2 displays the screening and morbidity of POD reported by the included studies. The overall incidence of POD was 17.0% (3368 of 19785 patients). As for the assessment tool for POD, a total of 33 studies were reported using a single measurement. Among them, 15 studies used CAM-ICU (10, 21, 22, 25, 30, 36, 39, 41, 44–46, 49, 50, 52, 55), six studies used DMS-4 (26, 31, 38, 40, 42, 53), 2 studies used DMS-5 (12, 57), five studies used ICDSC (9, 24, 37, 47, 54), two studies used CAM (34, 56), two studies used DOS (20, 33), and one study used CHART-DEL (29). Two or more tools were used to diagnose delirium in other studies (19, 23, 27–29, 35, 43, 48, 51).


TABLE 2    Postoperative delirium screening and prevalence data from the included studies.
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Assessment of study quality

The quality of included studies was assessed using the NOS quality scale. Three domains were assessed: selection, comparability, and outcome. The results of the quality assessment are shown in Supplementary Table 3. All included studies scored greater than four points, 31 studies were classified as high-quality, and 11 studies were classified as moderate-quality.



Association of POD with clinical outcomes


Mortality

Twenty-one studies (9, 10, 12, 20, 21, 26–28, 31–34, 41, 44, 48–53, 57) reported the incidence of mortality, which included 11643 individuals. The results of a random-effects model showed that patients with POD had 2.77-fold mortality compared to those without POD (OR = 2.77, 95% CI 1.86–4.11, P < 0.001), with a significant heterogeneity (I2 = 76%; Figure 2A). Furthermore, we analyzed mortality based on different time points (short term ≤6 months and long term >6 months). The pooled results showed that there was a significant association between POD and short-term mortality (OR = 2.80, 95% CI 1.39–5.64, P = 0.004; I2 = 81%) and long-term mortality (OR = 2.65, 95% CI 1.86–4.11, P < 0.001; I2 = 76%), with a low heterogeneity between two groups (I2 = 0%; Figure 2B).
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FIGURE 2
Results of meta-analysis on the association between postoperative delirium and outcomes (A) Overall mortality; (B) Short-term and long-term mortality; (C) Mechanical ventilation time; (D) ICU time; (E) Hospital days; (F) Prolonged mechanical ventilation time (>24h). The summary effects were obtained using a random-effects model. The size of the data markers indicates the weight of the study. The diamond data markers indicate pooled ORs or SMD, and 95% CI.


To explore the sources of heterogeneity, subgroup analyses for mortality were conducted by the study design, sample size, male proportion, surgery type, and study region as shown in Table 3. When subgroups were stratified by study design, we found a significant effect between prospective studies (OR = 3.81, P < 0.001) and retrospective studies (OR = 2.12, P = 0.004). When subgroups were stratified by sample size, the mortality was significantly higher in patients with POD in the <500 subgroups (OR = 3.60, P < 0.001) and ≥500 subgroups (OR = 2.26, P = 0.002). When subgroups were stratified by male proportion, the risk of mortality was higher in the <50% subgroup (OR = 3.20, P < 0.001) than in the 50–70% subgroup (OR = 2.47, P = 0.030). When subgroups were stratified by surgery type, summary effects were only statistically significant in mixed cardiac surgery (OR = 2.93, P = 0.040), valve surgery (OR = 2.72, P < 0.001), and CABG (OR = 2.60, P < 0.001), whereas no significant was found in aortic surgery subgroup. When subgroups were stratified by region, the mortality was significantly higher in the Asia subgroup (OR = 4.63, P = 0.004) and Europe subgroup (OR = 2.63, P < 0.001), but not in the America subgroup. The forest plots are presented in Supplementary Figure 1. It was discovered that the results of each subgroup analysis were consistent with the overall results, but the between-study heterogeneity within subgroups remained substantial. After excluding five studies (12, 26, 32, 50, 57), the heterogeneity decreased substantially and the result of each subgroup was not significantly changed.


TABLE 3    Subgroup analysis of pooled OR for mortality.
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Mechanical ventilation time

Twenty studies (9, 12, 22, 24, 25, 28–30, 34–36, 42, 47, 48, 53) reported the MV time as an outcome measure, which included 13503 individuals. Using a random-effects model, the pooled SMD was 0.83 (SMD = 0.83, 95% CI 0.57–1.09, P < 0.001) with significant heterogeneity (I2 = 95%), which showed that patients with POD had significantly longer MV time compared to those without POD (Figure 2C). Findings from subgroup analysis showed that the MV time was longer in patients aged <60 (SMD = 1.27, 95% CI 0.65–1.89, P < 0.001), and the studies with male proportion <60% (SMD = 0.98, 95% CI 0.18–1.79, P = 0.020). Nevertheless, the subgroup analysis still showed considerable heterogeneity (> 90%; Supplementary Table 3). Sensitivity analysis also failed to find the source of heterogeneity.



Intensive care unit time

Twenty-two studies (9, 12, 19, 23–25, 27, 29, 30, 34, 47, 52, 53, 56) reported the ICU time as an outcome measure, which included 9231 individuals. The results with a random-effects model showed that the ICU time was significantly longer for patients with POD than for those without POD patients (SMD = 0.91, 95% CI 0.60–1.22, P < 0.001) with significant heterogeneity (I2 = 96%; Figure 2D). The subgroup analysis showed that the ICU time was longer in elective surgery patients (SMD = 1.10, 95% CI 0.38–1.83, P = 0.003), and the Asia population (SMD = 1.13, 95% CI 0.46–1.62, P < 0.001). Study design, sample size, operation time, and study region were not sources of heterogeneity because heterogeneity was still high after subgroup analysis (Supplementary Table 4). Furthermore, the sensitivity analysis did not find any study that significantly affected heterogeneity.



Hospital days

Nineteen studies (12, 19, 23, 26, 27, 29–31, 47–52) reported the length of hospital days as an outcome measure, which included 7840 individuals. The results with a random-effects model showed that the hospital days of the delirium group were 0.62 days longer than those without delirium (SMD = 0.62, 95% CI 0.48–0.76, P < 0.001) with significant heterogeneity (I2 = 81%; Figure 2E). The subgroup analysis showed that the hospital days was longer in the valve surgery patient (SMD = 0.75, 95% CI 0.39–1.11, P < 0.001), patient >60 (SMD = 0.75, 95% CI 0.39–1.11, P < 0.001), and the studies with male proportion <60 (SMD = 0.75, 95% CI 0.39–1.11, P < 0.001). It was discovered that the results of each subgroup analysis were consistent with the overall results, but the between-study heterogeneity within subgroups remained substantial (Supplementary Table 5). After excluding four studies (26, 37, 44, 51), the heterogeneity decreased substantially and the result of each subgroup was not significantly changed.



Mechanical ventilation time (>24 h)

Four studies (39–41, 45) reported the incidence of MV (>24h) as an outcome measure, which included 1202 individuals. The pooled OR using a random-effects model was 5.70 (95% CI 2.93–11.09, P < 0.001) with moderate heterogeneity (I2 = 54%), which showed that patients with POD had a 5.7-fold incidence of MV (>24h) compared to those without POD (Figure 2F). The sensitivity analysis showed that heterogeneity was evidently reduced (I2 = 34%, P = 0.22) after excluding Bakker et al.’s study (41), which may be due to the difference in age of the study population.




Publication bias

To assess potential publication bias, the tendency that significant results are more likely to be published than negative results, we examined each outcome by funnel plot. As shown in Figure 3, a certain degree of asymmetry was observed, which indicated slight publication bias.
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FIGURE 3
Funnel plots for the studies involved in the meta-analysis. (A) Mortality; (B) Mechanical ventilation time; (C) ICU time; (D) Hospital days. The distribution was not completely symmetrical around the funnel plot, which suggested the possibility of publication bias.



Grading of recommendations, assessment, development and evaluation of certainty of findings

Based on the GRADE approach, the evidence quality of overall mortality was low, and the evidence quality of MV time, ICU time, and hospital days were very low. Besides, we found a moderate quality of evidence for MV time (>24h) (as shown in Figure 4).
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FIGURE 4
Grading of recommendations, assessment, development and evaluation (GRADE) summary of findings table.






Discussion

The present systematic review and meta-analysis identified 42 studies enrolling a total of 19,785 patients, to summarize the relationship between POD and outcomes in patients undergoing cardiac surgery. The overall incidence of POD was 17.0%, and the results of the meta-analysis showed POD has been associated with increased mortality, longer duration of MV time, ICU stays, and hospitalization among cardiac surgical patients. Given certain heterogeneity among studies, we next conducted subgroup analysis based on study design, sample size, male proportion, surgery type, study region, etc. Despite remaining heterogeneity after subgroup analysis, it was partly reduced in some subgroups. This suggests that POD is a very common and severe neuropsychiatric syndrome, that seriously affects the prognosis of patients.

In this study, POD was significantly linked to mortality. However, due to the significant heterogeneity across studies, this relationship may be limited. Subgroup analyses were conducted based on the timing of mortality, and the results indicated that POD is related to short- and long-term mortality of cardiac surgery patients, which was partially consistent with Crocker et al. (58). The difference was that Crocker et al. indicated that POD was no significant association with short-term mortality. This may be linked to no meta-regression analysis performed to assess the influence of POD on short-term mortality in their study, as only two of the included studies had reported 6-month mortality. However, short-term mortality was reported in 13 studies in our article, where a larger sample size may yield different results.

The mechanism by which POD increases mortality risk is not understood. We propose the following explanations to comprehend the results. First, higher levels of postoperative pro-inflammatory cytokines (e.g., IL-2, IL-6, TNF-α, MCP-1) were associated with a higher risk to develop POD in cardiac surgery patients (59, 60). Elevated levels of pro-inflammatory cytokines reflect an active inflammatory response in the body, which may cause systemic inflammatory response syndrome. Systemic inflammation can alter the brain’s inflammatory status, produce acute cognitive impairments, such as POD, and drive new pathology and accelerated decline (61). Thus, the presence of POD can be considered a marker of hyperinflammatory conditions, which are associated with higher mortality (62, 63). Second, Holmes et al. (64) indicated that POD may represent an extreme non-adaptive presentation of sickness. Patients who develop delirium after cardiac surgery could cause cognitive impairment, decreased consciousness, behavioral abnormalities, etc., which increase cerebrovascular accidents, bleeding, infection, and other complications risk (50, 65, 66), and patients with hypoactive motor-type delirium may present with more severe systemic disease, increased complications of inactivity (e.g., dehydration, pressure ulcers, hypoventilation, and venous thrombosis; 67), these complications are associated with higher mortality (68). Finally, POD is closely associated with the presence of hemodynamic or electrical instability, and disorders of fluids and electrolytes, which may increase the risk of mortality (69). The accidental extubation, difficulty in weaning, or reintubation in patients with MV were also increased (70–73), which required an increased duration of MV, and it has been well documented that prolonged MV time is an independent predictor of increased mortality (74). The data also showed that POD could result in prolonged hospital and ICU stays of the patients, concordant with the results of Salluh’s study (8). The longer the patients stay in the hospital, the more they are at risk of complications and death. All these factors may explain the increased mortality risk among patients who develop POD. Further investigation regarding the pathophysiological mechanism of POD is still warranted to fully understand the reasons why POD led to poor outcomes among cardiac surgical patients.

Given the poor outcomes among cardiac surgery patients who developed POD, there exists a great opportunity to improve the outcomes among these patients. A review (75) in Lancet reported that 30 to 40% of delirium may be prevented by early detection, and takes pharmacologic or non-pharmacologic interventions. Current guidelines (76) recommend using a multicomponent, non-pharmacologic intervention to reduce delirium. The strategies include cognitive training, improving sleep quality, improving wakefulness, early rehabilitation, etc. (conditional recommendation, low quality of evidence). However, it is still uncertain as to which interventions result in the effect. In the future, emphasis should be put on improving the awareness of medical staff on delirium, and undertaking studies to validate the intervention effects, to provide widely applicable evidence for healthcare policymakers.

There was a high degree of heterogeneity observed in our meta-analysis. The reasons might be as follows: first, the methods for diagnosing delirium were different. The incidence of delirium may be dependent on the different diagnostic criteria applied, different tools used, and different evaluators. Second, the study periods of the included studies were different. With the progressive developments in delirium research, the attention toward POD has gradually increased. In previous years, POD has not yet attracted enough attention from medical staff, and there is also wide variation across hospitals in the treatment of POD. In addition, sample sources were different. The structure of the population in different studies was different such as age, gender ratio, race, disease severity, and surgery types, which could contribute to the different clinical outcomes. Most of the included studies did not provide adjusted data due to the high risk of confounding bias, for example, age, sex, and disease severity, which is the reason why we did not use the adjusted data for further analysis. Regarding the mortality outcome, we conducted a sensitivity analysis. The heterogeneity was reduced from 75 to 24% after the removal of five studies (12, 26, 32, 50, 57), which indicates that the five studies were the source of heterogeneity.

The present meta-analysis exhibited several strengths, compared to the previously published meta-analysis (13, 58). In the first instance, we used a robust methodology following PRISMA guidelines and a comprehensive search strategy, to ensure the inclusion of all relevant literature. Second, we included 42 studies with a larger sample size. It could provide high statistical power to quantitatively evaluate the association between POD and clinical outcomes. Hence, the validity of the results is more reliable. In addition, the included studies in this meta-analysis had high NOS scores which were strictly following the inclusion and exclusion criteria, thus, reducing the potential selection bias.

However, there remain limitations in this study as well. First, a meta-analysis of MV time, and ICU time showed heterogeneity, but sensitivity analysis and subgroup analysis failed to eliminate it. The random-effects model is used for data processing, which may have a slight impact on the reliability of the results. We speculate that heterogeneity might be partially explained by the differences in factors such as patient characteristics (age, sex, type of surgery, etc.), different diagnostic criteria for delirium, unequal levels of regional medical care, and frequency of delirium assessment. Second, variations in the assessment tools and the assessment time-points of delirium might affect the results. Delirium is a fluctuation in mental status that can change over time and may have occurred before or after assessments. Thus, the true incidence of POD and its effects on clinical outcomes might be underestimated. All included studies screened patients utilizing validated delirium assessment tools, but the latest research states that POD needs to meet DSM-5 diagnostic criteria (13), and not all studies achieve this. Future prospective studies with standardized delirium assessment methods are still needed to detect delirium accurately and reliably. Third, due to insufficient data, we could not further evaluate other potential factors that may affect the heterogeneity between studies, such as Euroscore score, complications, and the use of anesthetic drugs. Finally, publication bias remains a major concern for all kinds of meta-analyses because non-significant or negative results are less likely to be published than studies with positive and significant results. To comprehensively identify negative or insignificant outcomes, we used delirium and cardiac surgery as keywords which meant the kinds of literature published on this topic were eligible, to ensure we identified as many relevant studies as possible; and also incorporated all reported outcome measures from each study. In addition, funnel plots were constructed to assess potential publication bias, and it is worth mentioning that there was no observable publication bias.



Conclusion

In this meta-analysis, we found that POD was involved in poor prognosis among cardiac surgical patients. Patients who develop POD exhibit longer MV time, ICU stay, hospital stay, and greater risk of mortality than patients without POD. Future research should focus on developing and testing interventions for delirium, to reduce its incidence and thereby lower the risk of adverse outcomes in these patients.
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Explanations

a. The distribution was not completely symmetrical around the funnel plot, which suggested the possibility of publication bias (as shown in Figure 3)
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