




ABSTRACT
Delirium is a neurocognitive disorder characterized by the presence of disturbance in attention that develops over a short period of time, which is not explained by another preexisting neurocognitive disorder and it is the physiological consequence of another medical condition. Although there are no known causes of delirium, multiple factors are thought to play a role in the development of the disorder. Postoperative delirium is common in hospitalized patients undergoing surgery. Studies have indicated that postoperative delirium incidence varies depending on the type of surgery performed, the criteria used to diagnose delirium, and the population that is being studied. Consequences of postoperative delirium include prolonged hospitalization, decline in cognitive function, and an increase in mortality rate. The purpose of the study was to review the literature on the risk factors of delirium incidence postoperatively among patients undergoing total knee arthroplasty. A literature review on postoperative delirium in total knee arthroplasty patients and its risk factors was conducted using the PubMed database from January 2011 to March 2018, yielding 15 articles that met inclusion criteria. Articles were reviewed for patient demographic characteristics, postoperative delirium diagnosis methods, findings, strengths, and limitations. There was little consistency on the diagnostic measures of postoperative delirium, where nine of the studies used the same standardized tool, but there was still variation in the frequency of the use of the tool. Among patients undergoing total knee arthroplasty (age range: 60 to >80 years), postoperative delirium incidence ranged from 0.6% to 62.5%.  Incidence of postoperative delirium was determined by the following risk factors: older age and/or history of psychiatric disorders and/or ethnicity, electrolyte disorders, preoperative cerebrospinal fluid β-amyloid/tau ratio, preexisting obstructive sleep apnea, use of preventative screening measures, vigorous physiotherapy, and type of pain medication prescribed. In conclusion, accurate prediction of risk factors associated with postoperative delirium incidence may help patients, providers, payers, and health systems with decision-making and opportunities for intervention(s) early in the disease course, therefore prioritizing the public health implications associated with postoperative delirium. 
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1.0  Introduction

1.1 DEFINITION OF DELIRIUM 
Delirium is a neurocognitive disorder which is defined as an acute or persistent state of confusion that represents a decline in cognitive function resulting in a fluctuating disturbance in attention or cognition (Diagnostic and Statistical Manual of Mental Disorders, 2013). There are three forms of delirium; hyperactive, hypoactive, and mixed level of activity. Hyperactive is defined as overactive psychomotor activity that is accompanied by medical care non-compliance and agitation; the hypoactive form of delirium is defined as underactive psychomotor activity that is accompanied by lethargy; mixed level of activity fluctuates between the hyperactive and hypoactive forms (Diagnostic and Statistical Manual of Mental Disorders, 2013). Delirium is diagnosed based on patient medical history, physical examination, and laboratory findings (Schenning & Deiner, 2015). Development of delirium is complex and multifactorial and multiple predisposing factors and environmental exposures may lead to the signs and symptoms of delirium, such as reduced awareness of the surrounding environment, emotional disturbances, cognitive impairment, and behavioral changes (Sharon K. Inouye, Westendorp, & Saczynski, 2014). 

1.2 EPIDEMIOLOGY OF POSTOPERATIVE DELIRIUM

Postoperative delirium is one of the most common complications that the elderly face post-surgery and it is commonly associated with increased morbidity and mortality, long-term decline in cognitive function and motor functionality, and increased healthcare resource utilization (Oh, Fong, Hshieh, & Inouye, 2017). Each year in the United States, approximately 2.6 million adults over the age of 65 years develop delirium and this accounts for almost $164 billion in healthcare spending (Sharon K. Inouye et al., 2014). Postoperative delirium often goes undiagnosed and under-recognized, where rates of unrecognized delirium ranged from 55 to 70 percent in 2000 (Hustey, Meldon, & Palmer, 2000) (S.K. Inouye, Foreman, Mion, Katz, & Jr., 2001) and remained at 60 percent as of 2015 (Cruz et al., 2015). Due to its long-term effects on an individual’s quality of life, postoperative delirium has a significant impact on the individual, family, and the healthcare system. 

Studies have indicated that postoperative delirium varies from 10 percent to 70 percent depending on the type of surgery conducted, the criteria used to diagnose delirium, and the population that is being studied 
 ADDIN EN.CITE 

(Demeure & Fain, 2006; Jazmierski et al., 2010; Mast & Roest, 1996; Parikh & Chung, 1995)
. In total knee arthroplasty patients, incidence of postoperative delirium is 32 percent (Contin, Perez-Jara, Alonso-Contin, Enguix, & Ramos, 2005 ). 

1.3 RISK FACTORS FOR POSTOPERATIVE DELIRIUM 

Predicting the onset of postoperative delirium can be difficult due to the complex etiology of the disease (Sharon K. Inouye et al., 2014). Thus far, studies have identified many risk factors for delirium 
 ADDIN EN.CITE 

(Afonso et al., 2010; Dasgupta & Dumbrell, 2006; Noimark, 2009; Rudolph et al., 2009)
. The leading risk factors consistently identified in surgical patient populations are comorbidities (e.g., depression), history of dementia or cognitive impairment, alcohol abuse, older age, and polypharmacy (Sharon K. Inouye et al., 2014). Abnormal laboratory findings, such as electrolyte imbalances, impact of hemoglobin levels, and neurological protein levels, have also been identified as risk factors, however, less consistency exists on the extent to which they contribute to the increased risk of postoperative delirium development 


(Gao, Yang, Li, Shi, & Fu, 2008; Sharon K. Inouye et al., 2014; Joosten, Lemiengre, Nelis, Verbeke, & Milisen, 2006) ADDIN EN.CITE . The development of delirium is the result of the relationship between a vulnerable patient with predisposing factors, such as older age, and exposure to precipitating factors, such as medications. Thus, clinically, addressing the multiple risk factors associated with delirium may prove to be more effective for prevention and treatment of postoperative delirium. 

1.4 SCREENING AND DIAGNOSIS OF DELIRIUM 

There are many types of reliable and validated tools used to screen and diagnose delirium with the most common ones being the Confusion Assessment Method (CAM) and the Mini-Mental State Examination (MMSE), which were developed using the Diagnostic and Statistical Manual of Mental Disorders criteria (S.K. Inouye et al., 1990; Vijaykumar, Elango, & Ganessan, 2014). The CAM is an evidence-based diagnostic tool typically used by non-psychiatric professionals to identify and recognize the signs and symptoms of delirium in both clinical and research settings. The instrument assesses the presence, severity, and fluctuation of nine delirium features, which include acute onset, inattention, disorganized thinking, altered level of consciousness, disorientation, memory impairment, perceptual disturbances, psychomotor delay, and altered sleep cycle (Wei, Fearing, Sterberg, & Inouye, 2008). The CAM algorithm is most commonly used due to its rapid diagnostic feedback, however, there is no agreement in how frequently the tool is used for each patient. The other tool often used in the literature delirium is the MMSE, an eleven-question, thirty-point screening tool where a higher score is suggestive of stable cognitive function. The MMSE aims to measure various cognitive function abilities such as attention, calculation, recall, orientation, language, and ability to follow simple commands. The test, however, cannot differentiate between delirium and dementia diagnoses (Vijaykumar et al., 2014). 

1.5 TOTAL KNEE REPLACEMENTS IN THE UNITED STATES

Since the early 1900s, the United States has experienced a gradual increase in life expectancy. According to the most recently published National Vital Statistics Report, the average life expectancy for an individual living in the United States is 78.8 years (Kochanek, Murphy, Xu, & Tejada-Vera, 2016). According to the National Institute of Aging, in approximately five years, the number of individuals aged 65 and older will exceed the number of children under the age of five years (Services, 2011). The change in life expectancy can be contributed to the shift in leading causes of disease and death, where at the beginning of the 20th century, infectious diseases killed young children. However, now, individuals are living long enough to develop chronic, noncommunicable diseases such as osteoporosis and arthritis. As of 2015, 21.0 percent of adults over the age of 18 years in the United States had a diagnosis of arthritis. Of these adults, 48.6 percent of 65-to 74-year olds and 53.4 percent of adults over the age of 75 had arthritis ("Table A-4a. Age-adjusted percentages (with standard errors) of selected diseases and conditions among adults aged 18 and over, by selected characteristics: United States, 2015," 2015). With diseases of the bone comes the need for treatment and where pharmacotherapy fails to work, surgery becomes the only option. 
Total knee arthroplasty is a common procedure among the elderly done in order to restore motor functionality and improve pain (Ethgen, Bruyere, Richy, Dardennes, & Reginster, 2004; Talmo, Robbins, & Bono, 2010). Just in the United States alone, over one million total hip and knee replacement surgeries are performed every year (Steiner, Andrews, Barrett, & Weiss, 2012). And as of 2010, the prevalence of total knee replacements for the entire United States population was 1.52 percent, which corresponds to approximately 4.7 million individuals (Kremers et al., 2015). Prevalence of the procedure was higher among females and increased with age, with 10.38 percent of total knee replacements occurring at eighty years of age (Kremers et al., 2015). While there are risks associated with the procedure, evidence suggests that recent advancements in medical technology have improved the safety and success of the procedure, therefore improving functionality and the quality of life of individuals (Kremers et al., 2015; Talmo et al., 2010).   
1.6 The relationship between Postoperative delirium and total knee arthroplasty

As the population ages, the need for elective surgeries will also rise, as evidenced by the increase in prevalence of total knee arthroplasties among the elderly United States population (Kremers et al., 2015). And while the procedure is deemed safe, the surgery is associated with significant complications (Bakker, Osse, Tulen, Kappetein, & Bogers, 2012; Veliz-Reissmuller, Torres, Linden, Lindblom, & Jonhagen, 2007). Delirium is one of the most common complications associated with surgery among the elderly population (Veliz-Reissmuller et al., 2007). In total knee arthroplasty patients, incidence of postoperative delirium is, on average, 32 percent (Contin et al., 2005). Multiple delirium risk factors, such as older age, comorbidities (e.g., depression, dementia), abnormal laboratory findings, and polypharmacy, have been evaluated among total knee arthroplasty patients, reporting postoperative delirium incidence that ranges from 0.6% to 62.5% (Appendix A, Tables 1 and 2). However, due to a lack of a multifactorial approach to evaluating these risk factors, no consensus has been reached. 

1.7 GAPS IN KNOWLEDGE 

Although patients are seen in clinic preoperatively to determine surgical readiness, there is a lack of attention given to risk stratification for potential adverse outcomes, such as delirium. Additionally, there is inconsistency in the diagnostic procedure of screening and diagnosing postoperative delirium, therefore, it is likely that cases of delirium are being missed, misdiagnosed, and/or mistreated. 

1.8 PUBLIC HEALTH SIGNIFICANCE 

Delirium is a common and often times fatal condition that occurs in approximately 50 percent of hospitalized, elderly patients (Sharon K. Inouye et al., 2014) that is associated with burdensome costs and complications. Delirium has been linked to short-term adverse outcomes, such as increased hospital-associated mortality and length of stay, which is burdensome for caregivers and the healthcare system alike 
 ADDIN EN.CITE 

(Ely et al., 2004; Lin et al., 2004; Pompei et al., 1994)
. Delirium is also associated with long-term effects, such as increased probability of death (Pisani et al., 2009), functional disability (O’Keeffe & Lavan, 1997), and development of dementia (Sharon K. Inouye et al., 2014; Witlox et al., 2010). 

Despite its high incidence, delirium can be prevented in 30 to 40 percent of cases (S.K. Inouye et al., 1999; Marcantonio, Flacker, Wright, & Resnick, 2001).  And while older age and presence of coexisting comorbidities are known risk factors associated with postoperative cognitive decline, these risk factors are not modifiable and limits the ability to appropriately and effectively manage a patient’s symptoms and treatment strategies. Therefore, identifying and understanding both modifiable and non-modifiable risk factors is vital. And the ability to stratify risk can better aid clinicians in identifying and treating high risk patients. 
1.9 OBJECTIVE 

The goal of this paper is to examine current literature on the risk factors associated with postoperative delirium in the geriatric population undergoing total knee arthroplasty and highlight critical areas for future research and intervention.  

2.0  METHODS

A literature search on the risk factors of postoperative delirium among patients undergoing total knee arthroplasty was conducted using the online scientific database, PubMed. Articles dated January 1, 2011 to March 20, 2018 were retrieved. This time period was chosen due to the rapid changes that occur in the field of medical technology. Medical Subject Heading (MeSH) terms included a combination of the following terms: “postoperative delirium”, “incidence”, “risk factors”, “predictors”, “total knee replacement”, and “total knee arthroplasty”. 

The search results flow diagram is provided in Figure 1. The preliminary search for titles that were relevant to the subject of postoperative delirium and total knee arthroplasty generated a total of 31 articles. Article abstracts were screened and included if they were observational and experimental studies pertaining to risk factors of the development of delirium post-total knee replacement as the outcome and exposure of interest, respectively. Articles were excluded if the studies addressed outcomes of interest other than postoperative delirium, failed to identify risk factors (i.e. the study did not use a research study design), case reports, correspondences, or systematic reviews or meta-analysis. The final screening of the articles excluded a total of 16 articles; three studies had an outcome of interest other than postoperative delirium, two studies did not identify risk factors associated with the condition, eight studies used non-original research, one study excluded patients with postoperative delirium, and two studies did not identify any association between the exposure and outcome. A total of 15 articles were included in the final targeted review. 







Figure 1. Flow diagram for the literature review search strategy for the selection of articles on the predictors of postoperative delirium among patients undergoing total knee arthroplasty.
3.0   RESULTS 

Tables 1 and 2 (Appendix A) provide information on the studies included in the targeted review. Of the articles included, three were randomized control trials, six were prospective cohort studies, five were retrospective cohort studies, and one was a retrospective matched case-control study. Only two studies, one American and one European, used a multi-center approach (Flink et al., 2012; Krenk et al., 2012). 

With regards to the type of surgery, six studies focused on both total hip arthroplasty and total knee arthroplasty while the remaining studies focused solely on total knee arthroplasty. Eight studies were completed in the United States, six studies in Asia (predominantly China and Korea), and one study in Europe (Denmark). Sample sizes ranged from 85 to 1,116 participants. There was an equal proportion of males and females in the majority of the studies, and in general there were no significant differences by gender. The average age of total knee arthroplasty patients ranged from 60 to greater than 80 years of age. Postoperative delirium incidence ranged from 0.6% to 62.5%. 

3.1 NONPHARMACOLOGICAL RISK FACTORS 
3.1.1 Demographic characteristics—age, history of psychiatric illness, and ethnicity 
Jankowski et al. (Jankowski et al., 2011) prospectively studied the association between multiple variables and delirium development. Patients over the age of 65 presenting to the hospital for hip or knee arthroplasty were screened for participation in the study and were excluded if they were non-fluent in English and presented signs and symptoms of preoperative delirium. Delirium development was assessed using the CAM screening tool, which was administered two times a day starting postoperative day 1 until the day of hospital discharge. The incidence of delirium was approximately 10 percent. On average, the delirious group was two years older (74.7 years old) than the non-delirious group (72.7 years old) and males represented 55 percent of the delirious population (Appendix A, Table 1). Independent of each other, older age resulted in a two-fold increase in the odds of developing postoperative delirium and history of psychiatric illness was associated with an almost three times increased odds of postoperative delirium (Appendix A, Table 1). The older age range and the type of psychiatric illness diagnosis were not specified.  
Wang et al. (L. Wang et al., 2017) used a retrospective cohort design to evaluate the relationship between a variety of preoperative, intraoperative, and postoperative risk factors and the development of delirium among Korean patients (N=265) over the age of 65 years undergoing total knee arthroplasty. Information on risk factors and delirium was obtained from medical chart review and telephone interviews. Patients were screened for delirium once a day using the CAM algorithm. The incidence of delirium was 18.5 percent. Females represented 91.8 percent of the delirious population, however, this was not a statistically significant finding (Appendix A, Table 1). The average age in the delirious group of 73.6 years was significantly higher than that in the non-delirious group of 69.9 years (Appendix A, Table 1). And, patients with a history of dementia were almost five times as likely to develop postoperative delirium compared to those without a history (Appendix A, Table 1). 

Huang et al. (Huang, Razak, & Yeo, 2017) used a retrospective cohort design to evaluate the relationship between a variety of surgical risk factors and the development of delirium among 954 predominantly Chinese patients, over the age of 60 years, undergoing total knee arthroplasty. Information on risk factors and delirium was obtained from written and electronic medical chart review. Delirium was defined as any change in mental status and those with an altered mental state were further evaluated using DSM-IV. The incidence of delirium was approximately 0.60 percent. Females represented 33 percent of the delirious population compared to 82 percent in the non-delirious group and this finding was statistically significant (Appendix A, Table 1). The median age in the delirious group of 78 years was significantly higher than that in the non-delirious group of 67 years (Appendix A, Table 1). And a smaller proportion of delirious patients were Chinese compared to those in the non-delirious group (Appendix A, Table 1). 
Similar to the Wang et al. 2017 study, Chung et al. (Chung, Lee, Park, & Choi, 2015) used a retrospective cohort design to evaluate the relationship between a variety of risk factors and postoperative delirium among Korean patients. Two hundred and eighty seven patients, at least 65 years of age, presenting to the hospital within a four-year span for unilateral knee arthroplasty were retrospectively identified via chart review. Information on risk factors and delirium was obtained from medical chart review. Patients were screened for delirium twice a day using CAM and diagnosis was confirmed using the DSM-IV criteria. The incidence of delirium was approximately three percent. Females represented 90.1 percent of the delirious population, however, these findings were not statistically significant (Appendix A, Table 1). The median age in the delirious group of 75 years was significantly higher than that in the non-delirious group of 71 years (Appendix A, Table 1). In the multivariate analysis, patients with dementia were ten times more likely to develop delirium than those without dementia and older patients were 1.15 times as likely to develop delirium (Appendix A, Table 1).  
Petre et al. (Petre et al., 2012) sought to determine whether there were age-related differences in opiate-related side effects post-total knee or hip replacement among 150 60-to-79-year olds (average age=70.1 years) and 172 80-years old or older individuals  (average age=83.7 years) using a retrospective chart review. Delirium was defined as any change in mental status as noted by either a physician or nurse, but it is unclear how delirium was measured, and the study did not report an incidence value. There were more females than males in each age group, however, the difference was not significant (Appendix A, Table 1). Individuals over the age of 80 years undergoing surgery conferred up to an almost four times increased risk of developing postoperative delirium compared to the 60 to 79 year olds, adjusting for opiate dose and pain score (Appendix A, Table 1). 

3.1.2 Electrolyte disorders 
Using a retrospective cohort design, Wang et al. 2016 (L. H. Wang, Xu, Wei, Chang, & Xu, 2016) evaluated the association between postoperative electrolyte disorders and the incidence of delirium among 582 Chinese patients who had undergone internal facture fixation, femoral head replacement, or total hip or knee arthroplasty. All information on the exposures and delirium development, which was assessed using the DSM-IV criteria, were obtained from medical chart review. The incidence of delirium was approximately 4.6 percent. Adjusting for age, sex, duration of surgery, and blood loss, the odds of developing postoperative delirium was two times more likely among those with hypocalcemia and hyponatremia compared to those with normal electrolyte control (Appendix A, Table 1). 

3.1.3 Cerebrospinal fluid 
Xie et al. (Xie et al., 2014) prospectively assessed the association between preoperative cerebrospinal fluid (CSF) (-amyloid protein/Tau ratio and the incidence of postoperative delirium in 153 patients (mean age: 70 years) undergoing total hip or knee arthroplasty. CSF was obtained during the anesthesia phase of the surgery and the incidence of delirium, which was 20 percent, was assessed on postoperative day 1 and 2 using the CAM. There was an equal proportion of males and females and on average, the patients were 70 years of age and older (Appendix A, Table 1). The participants were predominantly Caucasian (Appendix A, Table 1) and the study excluded patients with dementia, stroke and psychosis due to low sample sizes. Adjusting for age and sex, patients with lower CSF (-amyloid protein/Tau ratio were at a significantly higher risk of developing postoperative delirium (Appendix A, Table 1). 

3.1.4 Obstructive sleep apnea 
The Flink et al. study (Flink et al., 2012) used a prospective cohort study design to evaluate the association between pre-existing obstructive sleep apnea and postoperative delirium for those undergoing total knee arthroplasty. Patients (over the age of 65 years) were screened for delirium on postoperative days 2 and 3 using the CAM screening tool and 25.5% of the study population was reported as having postoperative delirium. Baseline medical diagnosis of pre-existing obstructive sleep apnea was obtained from medical records and preoperative anesthesia evaluation. Eighty percent of the patients undergoing knee replacement were over the age of 65. Females represented 66.7 percent of the delirious population and over 85 percent of the population was Caucasian, however, the percentage differences were not statistically significant (Appendix A, Table 1). Among patients with pre-existing obstructive sleep apnea, the odds of developing postoperative delirium was four times higher compared to those without sleep apnea, adjusting for age, sex, race, body mass index, preoperative oxygen saturation, preoperative hemoglobin concentration, type of anesthesia (general vs. other), education level, and other medical comorbidities. 

3.1.5 Preoperative screening protocol 
Radcliff et al.  (Radcliff et al., 2012) examined the impact of preoperative screening on postoperative delirium incidence, diagnosed using the DSM-IV criteria, in a prospective cohort undergoing total knee arthroplasty compared to retrospective historical controls that also underwent total knee replacement by the same surgeon, but were not screened. During the preoperative clearance visit, patient medical history was reviewed for delirium risk factors and patients known to be at risk for delirium were not prescribed benzodiazepines and high-dose pain medications. Females represented 56 percent of the study population and the average age was 64.4 years (Appendix A, Table 1). The incidence of delirium was approximately one percent and it was ten percent lower among patients that were preoperatively screened versus those that were not (p=0.0001, Appendix A, Table 1). 

3.1.6 Physical therapy 
In a prospective multicenter cohort study conducted in Denmark, Krenk at al.  (Krenk et al., 2012) sought to determine the effects of vigorous physiotherapy on postoperative delirium development among 225 Danish cognitively-functional patients (at least 60 years of age) undergoing total hip or knee arthroplasty. All of the patients included in the study received standardized postoperative pain control regimen. And postoperative mobilization was started the day of the surgery and vigorous physiotherapy was started on postoperative day 1.  Patients were screened for delirium using the DSM-IV criteria at least once during every eight-hour nursing shift and were followed up with two weeks postoperatively. There was an approximately equal spread of males and females and the average age was 70 years old (Appendix A, Table 1). None of the patients in the study population developed postoperative delirium and compared to patients without a regimented physiotherapy plan (Appendix A, Table 1). Those with an exercise plan had zero increased risk of developing postoperative delirium, standardized for anesthesia and postoperative pain management (Appendix A, Table 1). 

3.2 PHARMACOLOGICAL RISK FACTORS 
A study by Mu et al. (Mu et al., 2017) examined whether parecoxib-supplemented intravenous analgesia could reduce the incidence of postoperative delirium among elderly patients (60 years or older) living in China undergoing hip and knee arthroplasty. The study used a randomized, double-blinded, placebo-controlled, parallel-arm, two-center clinical trial design and potential participants were screened one day prior to surgery. Parecoxib is a nonsteroidal anti-inflammatory drug that targets and inhibits the pain and inflammation promoting enzyme, cyclooxygenase-2.  The CAM was used to screen for delirium twice daily on postoperative days 1 through 5.  The average age at time of surgery was 70 years and the study population were predominantly female (Appendix A, Table 2).  The incidence of delirium was approximately six percent. There was a 44 percent decrease in risk of developing delirium postoperatively in those that were administered parecoxib compared to the placebo-controlled (saline) group up to 72 hours post-surgery (Appendix A, Table 2). 

Liu et al. (Liu, Ma, Gao, Guo, & Ma, 2016) used a prospective, parallel-arm randomized controlled trial design to examine the effects of intravenously injected dexmedetomidine among elderly patients with amnestic mild cognitive impairment compared to normal, saline-administered elderly adults (65 to 80 years old) in China who underwent hip, knee, or shoulder replacement. Dexmedetomidine is an α2-adrenoceptor agonist used as a sedative during the perioperative phase. In the study, all subjects were assigned to one of four groups: cognitive impairment plus treatment group, cognitive impairment plus saline group, control plus treatment group, and the control plus saline group. CAM was used to screen for delirium on postoperative days 1, 3, and 7. The incidence of delirium was 25.6 percent, 62.5 percent, 8.3 percent, and 31.0 percent, respective to the treatment arms listed above. Age and sex did not differ significantly among the four groups (Appendix A, Table 2). Dexmedetomidine treatment significantly decreased incidence of delirium in both the control and cognitively impaired groups in comparison to the saline placebo group (p<0.05) (Appendix A, Table 2). 

Jain et al.  (Jain et al., 2011) used the data from a single-center, randomized, double-blind, placebo-controlled trial on olanzapine, an antipsychotic agent, and studied its impact of delirium incidence among hip and knee arthroplasty patients over the age of 65 years. Fifteen percent of the patients were screened and diagnosed with delirium by nurses using the CAM tool, however the frequency was not specified. In general, patients that developed delirium were older ((74 years). Patients that received olanzapine had approximately a 25 percent decrease in risk of developing postoperative delirium versus those that received the placebo (Appendix A, Table 2). 

Kinjo et al. (Kinjo, Lim, Sands, Bozic, & Leung, 2012) evaluated the effects of peripheral nerve block plus patient-controlled analgesia on the incidence of postoperative delirium among total knee arthroplasty patients (65 years and older) using a prospective cohort design. A preoperative patient interview was conducted prior to the surgery in order to collect health and demographic information associated with postoperative delirium. Patients were screened for delirium on postoperative days 1 and 2 using the CAM screening tool and the reported incidence of delirium was approximately 48 percent. Females represented close to 58 percent of the study population and over 70 percent of the population was Caucasian, however, the percentage differences were not statistically significant (Appendix A, Table 2). Rate of delirium was 25 percent for the femoral nerve block group versus 61 percent for the patient-controlled analgesia group (Appendix A, Table 2). 

Nandi et al. (Nandi et al., 2014) retrospectively matched cases and controls (1:4) on type of surgery, year performed, and age (50 to 70+ years) in order to examine the pharmacologic risk factors associated with delirium development after hip or knee arthroplasty. Delirium was defined as any change in mental status and all medications administered during the hospital stay was retrospectively determined from medical chart review, however, the incidence of postoperative delirium was not reported in the study findings. After matching cases and controls, no significant differences were found between type of surgery, year of surgery, and age (Appendix A, Table 2 for age distributions). There was also a nonsignificant, equal spread of males and females (Appendix A, Table 2). Administration of the anesthetic agent isoflurane resulted in four times increased odds of delirium, adjusted for preoperative alcohol use, preoperative depression, and sex (Appendix A, Table 2). On the other hand, using benzodiazepine, which is a psychoactive drug, for pain control increased risk of delirium by approximately ten-folds, while the use of a narcotic, hydromorphone, has a protective effect and decreases the odds of delirium (Appendix A, Table 2), adjusting for the covariates listed above. 

As shown in tables 3 and 4 (Appendix A), while there is a large variation in the types of risk factors associated with postoperative delirium, all of the studies included in this literature review found a significant positive or negative association between at least one risk factor and the outcome of interest. Older age was significant across five studies despite discrepancies in study population demographics, diagnostic tool(s) used, and data collection methods 


(Chung et al., 2015; Huang et al., 2017; Jankowski et al., 2011; Petre et al., 2012; L. Wang et al., 2017) ADDIN EN.CITE . Pharmacological treatments were also commonly identified risk factors, where five studies reported a negative association between the exposure and outcome 


(Jain et al., 2011; Kinjo et al., 2012; Liu et al., 2016; Mu et al., 2017; Nandi et al., 2014) ADDIN EN.CITE . However, no two studies examined the effects of the same treatment. And only one study each reported that either electrolyte disorders, low cerebrospinal fluid, and presence of obstructive sleep apnea are associated with an increased risk of developing delirium 


(Flink et al., 2012; L. H. Wang et al., 2016; Xie et al., 2014) ADDIN EN.CITE , while preoperative screening and use of vigorous physical therapy postoperatively are protective against postoperative delirium (Krenk et al., 2012; Radcliff et al., 2012). 
4.0  DISCUSSION 

The association between total knee arthroplasty and the development of postoperative delirium was consistent across studies evaluated in this targeted literature review. Despite variations in the reported incidence rates (ranging from 0.0% to 62.5%) due to the subjectivity of the methodological measures used in the studies, all fourteen of the studies reported potential risk factors for developing delirium post-surgery. Thus, findings from the review support the targeting of modifiable (e.g. prescription of type of pain medications and anesthetic agent, use of physical therapy) and non-modifiable factors (e.g. history of psychiatric illnesses, older age) to improve care for total knee arthroplasty patients. 
4.1 CRITIQUE OF STUDIES ON NONPHARMACOLOGICAL RISK FACTORS
4.1.1 Demographic characteristics—age, history of psychiatric illness, and ethnicity 
Of the fifteen studies included in this literature review, only five of the studies looked at age and/or history of psychiatric disorders as potential risk factors 
 ADDIN EN.CITE 

(Chung et al., 2015; Huang et al., 2017; Jankowski et al., 2011; Petre et al., 2012; L. Wang et al., 2017)
. Older age and preexisting comorbidities are concerning risk factors because as an individual ages, so does the brain and the brain’s capacity begins to decline, which weakens the synaptic connections, resulting in neurotransmitter changes. Increases and decreases in vital neurotransmitters, such as cortisol, dopamine, and acetylcholine, can cause problems such as changes in memory and attention and sleep cycle, which are the symptoms of delirium 
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(Mast, 1998; Morrison et al., 2003; Trzepacz, 1996)
. 
The magnitude of increased risk ranged from 15% to 940% and the variability may be due to differences in study design, type of delirium screening tools used, study inclusion and exclusion criteria, and potential confounding variables. All five of the studies used a cohort study design, which indicates a temporal association between older age, which was consistently 70 years and older, and the occurrence of delirium after total knee arthroplasty (Chung et al., 2015; Huang et al., 2017; Jankowski et al., 2011; Petre et al., 2012; L. Wang et al., 2017).  Both the Wang 2017 and Chung 2015 studies reported similar strengths of association at an approximately fifteen percent increase in risk of developing postoperative delirium after total knee arthroplasty in Korean populations over the age of 65 years (Chung et al., 2015; L. Wang et al., 2017). Both of these studies used a retrospective study design where medical records were searched for pertinent information, however, because the records were not designed specifically for the studies at hand, it is difficult to trust the quality of the data available. Both of the Korean studies also used the CAM screening tool, however, the Chung et al. study confirmed postoperative delirium diagnosis using the DSM-IV criteria during a psychiatric evaluation. The CAM algorithm can have a sensitivity as low as 50 percent when it is used by personnel with minimal training (Sands, Dantoc, Hartshorn, Ryan, & Lujic, 2010). Thus, using two tools may have helped minimize the loss of delirium cases. 
Similarly, Huang et al. reported that older age and being of Chinese ethnicity was associated with increased and decreased risk of developing postoperative delirium, respectively (Huang et al., 2017). Even though the study had a large sample size, almost one thousand patients, the interpretation of the findings is significantly limited. First, it should be noted that the sample was primarily Chinese and female. It is unclear if patients were self-described as Chinese or if ethnicity was confirmed via genetic testing. If patients are self-described Chinese, then it is likely that differential misclassification bias occurred, and this would cause the results to stray further from the null and may exaggerate the association between ethnicity and the incidence of postoperative delirium. It is also likely that the results may be skewed as close to 90 percent of the patients included in this study were Chinese and we cannot confer if individuals of Chinese ethnicity are truly at a decreased risk or if lack of controlling for confounding variables are responsible for these findings. While these demographics may be characteristic of the hospital’s population, the findings of this study may not be generalizable to the population at large. Furthermore, all cases of postoperative delirium were only further evaluated using the DSM-IV criteria if initial changes in mental status were reported to the institution’s psychiatry team. Knowing that the symptomology of delirium may fluctuate abruptly and rapidly, it is possible that cases of postoperative delirium were missed, which could explain the extremely low incidence rate reported by the study. In summary, while all three of the studies were adequately powered, the retrospective obtainment of data may have missed the effects of important confounding factors, biasing the results away from the null and exaggerating the impact of the findings. 
Both the Jankowski et al. and Petre et al. studies showed significantly higher odds of developing postoperative delirium (Jankowski et al., 2011; Petre et al., 2012). Jankowski et al. screened for patients for delirium every day until the day of discharge, so we can assume that cases of delirium were most likely not missed. However, the patients included in this study were relatively more highly educated than in the other studies presented in this literature review. The use of a single institution with a homogenous population strengthens the internal validity of the findings because the homogenous characteristics of the population allows for cases and controls to be matched on certain variables. However, this may also limit the generalizability of the findings to nonhomogeneous populations. The Petre et al. study reported the largest increased risk of postoperative delirium among patients over the age of 80 years. However, the retrospective obtainment of information limits the accuracy of the data collected and while the hospital may follow a standardized care regimen, it is not free from potential biases such as prescribing and dosing patterns of physicians and nurses, respectively. The study also did not use a validated tool to screen and diagnose delirium, so it is possible that by simple observation for changes in mental status could result in overestimation in the number of delirium cases, which could explain the 270 percent increase in risk.  
In summary, the current studies reviewed that included age and history of psychiatric illnesses are indicative of positive associations between the aforementioned risk factors and the development of postoperative delirium, but the findings should be evaluated with caution due to the weak study designs.
4.1.2  Electrolyte disorders 
Several studies have shown that electrolyte imbalance is related to the development of postoperative delirium 
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(Fineberg et al., 2013; Koster, Oosterveld, Hensens, Wijma, & Palen, 2008; Zhang et al., 2015)
. Imbalance in sodium levels is typically associated with body fluid dehydration, which can lead to delirium symptoms such as depression and confusion (Mast, Huyse, & Rosier, 2005).  The Wang et al. 2016 study was one of the first to explore the specific electrolytes, low calcium and low sodium, which may influence postoperative delirium (L. H. Wang et al., 2016). However, this approach has several limitations. First, the study relied on medical records to determine if postoperative delirium occurred, which could result in mis-diagnosis, leading to over ascertainment of the findings. And even though the researchers adjusted for typically known risk factors such as age and sex, it is unknown how risk factors such as pain and pharmacological treatments played a role in the association between the exposure and outcome of interest. 
Identification of electrolyte disorders preoperatively may strengthen postoperative management of patients at risk of developing delirium. However, one study is not sufficient to draw conclusions, therefore, future studies are needed to establish a causal relationship. 
4.1.3 Cerebrospinal fluid ratio 
Low cerebrospinal fluid amyloid protein and Tau ratios was reported to increase the risk of postoperative delirium development by 25 percent, as well as greater severity of disease (Xie et al., 2014). By using a prospective cohort design, the researchers were able to reduce the likelihood of selection bias at enrollment because the outcome was not known at the time cerebrospinal fluid amyloid protein and Tau ratios were collected and established. It should be noted that the study population was predominantly Caucasian and had at least a high school education. It is unknown if the association between the exposure and outcome still exists in nonwhite patients with lower education levels, thus weakening the generalizability of the findings. Also, the study did not determine patient’s baseline cognitive function or assess if they had preoperative delirium, so it is unknown if delirium developed postoperatively or became more severe after surgery. The findings suggest that CSF ratio may contribute to the neurological development of postoperative delirium, however, without replication, it is premature to definitively rule CSF ratio as a vital risk factor that predicts postoperative delirium.
4.1.4 Obstructive sleep apnea 
Obstructive sleep apnea is a sleeping disorder that results in episodes of oxygen desaturation during sleep, resulting in hypoxia. While the Flink et al. study did not find a significant association preoperative oxygen saturation levels and obstructive sleep apnea or postoperative delirium, obstructive sleep apnea was consistently a significant predictor of delirium in their multivariate models (Flink et al., 2012). However, limitations include a small sample size of patients with obstructive sleep apnea that had significantly more comorbidities, which could exaggerate the risk of postoperative delirium in patients with obstructive sleep apnea. 
The findings of this study are hypothesis-generating, first of its kind, and merit more investigation. 
4.1.5 Preoperative screening protocol 
One of the studies included in this review used a large  prospective cohort to evaluate a multifactorial screening approach to reduce the risk of developing postoperative delirium and it was deemed successful in its aim to reduce the incidence of delirium postoperatively (Radcliff et al., 2012). The entire screening was conducted by two physicians, so it reduced inter-observer variability in diagnosis of postoperative delirium. However, the study did use retrospective controls for their comparisons, therefore it is possible that systematic bias may be present because standardized reporting is not available on the historical controls and complications in this group may be underreported. The study was also unblinded, therefore, we cannot infer that the intervention directly resulted in a reduction of postoperative delirium cases or if it was influenced by observer bias. 

It is evident that the geriatric population is at an increased risk of delirium and its complications, a preemptive geriatric consultation approach may prove to be valuable. In a randomized  controlled clinical trial conducted in 2001, the researchers studied the effects of a structured consult consisting of ten recommendations (e.g. hydration, pain management, and nutrition) before and after surgery among the geriatric population (Marcantonio et al., 2001). Results indicated that delirium was significantly reduced among the intervention group versus the usual-care group (p=0.04) (Marcantonio et al., 2001). Unfortunately, the screening and management protocol algorithm used was not validated.

The approach of preoperative screening needs to be further tested in future studies to evaluate whether outcomes associated with postoperative delirium can be improved upon.  
4.1.6 Physical therapy 
The Krenk et al. study reported that by using a vigorous physical therapy regimen resulted in a zero percent increased risk of developing delirium after total knee replacement (Krenk et al., 2012). Knowing that across all four centers the patients received standardized care increases the external validity of the study, however, it also brings into question if the rigor of the regimented physiotherapy plan excludes patients that are physically unable to follow the plan. This may be the case seeing that patients that were not in perfect physical health condition, meaning that they did have any issues with following the regimen, were excluded from the study. The study also only evaluated four patients per week, thus, it is entirely possible that patients that were not asked to participate could be suffering from postoperative delirium, which may explain why none of the patients in this study developed delirium. 
Use of physical therapy postoperatively has been known to enhance patient recovery and decrease hospital length of stay and hospital-associated medical morbidity (Kehlet & Wilmore, 2008), therefore, further study is needed to evaluate its impact of postoperative delirium incidence. 
4.2 CRITIQUE OF STUDIES ON PHARMACOLOGICAL RISK FACTORS
4.2.1 Pharmacological approaches 
Five studies evaluated the pharmacologic approaches to prevention of postoperative delirium. The use of the type of anesthetic agents and pain medications prescribed are typically based on practitioner preference and are therefore potentially modifiable risk factors. Four out of the five studies used a validated delirium assessment tool and applied a prospective study design to study the variables of interest, which allows temporality to be established between the exposure, pharmacological treatment, and exposure of interest, postoperative delirium 
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(Jain et al., 2011; Kinjo et al., 2012; Liu et al., 2016; Mu et al., 2017)
. 

Three of the studies used a randomized control trial sampling framework, allowing the studies to establish a true causation pathway between the independent and dependent variables without being obstructed by confounding variables 
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(Jain et al., 2011; Liu et al., 2016; Mu et al., 2017)
. The studies minimized selection bias by using double blinding where neither the patient nor the researchers knew what treatment arm the patient was receiving and both the treatment and placebo drugs were identical in appearance and administration (i.e. same syringe size and model and timing for administration). All three of the randomized control trials excluded patients with neurological diseases that impact cognitive function, which may effectively control for confounding variables. However, this exclusion criterion may possibly exclude high-risk patients, which lowers incidence of postoperative delirium, which may reduce the power to be able to detect significant differences. The Jain et al. study was further weakened because they did not use a measurement tool to determine patient’s cognitive function at baseline, so it is possible that minute symptoms of cognitive impairment as well as delirium were missed (Jain et al., 2011). 

The Kinjo et al. study used a prospective cohort design, so we can infer that all of the data collected on the variables was done accurately and to completion (Kinjo et al., 2012). However, because this study is observational in design, the treatment arms were not randomized, therefore it is possible that important covariates, such as sex, were not equally spread across the two groups. The study only had 85 patients total, so the study is not adequately powered. Also, delirium was only screened for the first two days postoperatively, therefore, it is probable that cases were missed if they occurred after day two, so it may exaggerate the findings of the study in the positive direction. 

Nandi et al. reported that isoflurane and benzodiazepines increased the risk of postoperative delirium by 310.0% and 870.0%, respectively (Nandi et al., 2014). There is literature that supports that these two medications exacerbate delirium because these treatments initiate apoptosis in neuroglioma cells 
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(Campbell et al., 2009; Carpenter, 2011; Clegg & Young, 2011; Marcantonio et al., 1994)
. However, specifically in this study, some of the medication groups had small sample sizes, so the findings could be the effect of type II error. While the cases and controls were comparable with regards to age, type of surgery, and year of surgery, the retrospective obtainment of data makes the study vulnerable to confounding variables because there is a limitation in accuracy and completion of patient records. The study also did not use a validated tool to screen and diagnose delirium, so it is possible that by simple observation for changes in mental status could result in overestimation in the number of delirium cases, which could explain the high odds ratio values that were reported.  
It should be noted that all five of the pharmacological studies evaluated different treatments. Therefore, without replication, it is difficult to draw any conclusions on which drug may be most effective in reducing the risk of developing delirium postoperatively and a larger, multiple arms trial may be needed. 
4.3 FUTURE DIRECTIONS
Through this targeted literature review, we have been able to determine that postoperative delirium appears to be a common occurrence among elderly patients undergoing total knee arthroplasty. We also identified six independent risk factors, older age, history of psychiatric illnesses, ethnicity, electrolyte disorders, low cerebrospinal fluid ratio, obstructive sleep apnea, and pharmacological approaches, associated with increased incidence of delirium. While use of a preoperative screening protocol and physical therapy are protective and are associated with decreased risk of developing postoperative delirium. All eight of these independent risk factors should be further evaluated in future studies.
It is rare that a single factor is enough to either exacerbate or prevent delirium; instead, the neurocognitive disorder may be the result of an interaction of predisposing factors, such as older age, and hospital-related factors, such as medications prescribed pre- and postoperatively. In fact, studies have shown that the risk of delirium increases linearly with the number of risk factors (S.K. Inouye & Charpentier, 1996; S.K. Inouye, Viscoli, Horwitz, Hurst, & Tinetti, 1993). Therefore, approaches for managing delirium should focus on multifactorial interventions that targets an individual’s risk profile in order to manage their symptoms and improve clinical outcomes. Accurate prediction of risk factors associated with postoperative delirium incidence may help patients, providers, payers, and health systems with decision-making early in the disease course, therefore prioritizing the public health implications associated with postoperative delirium.
APPENDIX A: TABLES ON STUDY SUMMARY CHARACTERISTICS AND STRENGTHS OF ASSOCIATIONS 
Table 1. Summary characteristics of studies reporting the nonpharmacological risk factors of postoperative delirium among older adults undergoing total knee arthroplasty.
	Author, year 
	Study design 
	Sample population 
	Postoperative delirium measure  
	Predictors of postoperative delirium  

	Jankowski et al., 2011 
	Prospective cohort 
	N: 418 

Age: 72.74 ± 5.31 years

Sex= 45% F


	CAM 
	Incidence: 10.0% 
↑with older age (OR=2.07, 95% CI=1.14-3.77, p=0.017)  

↑ with history of psychiatric illness (OR=2.67, 95% CI=1.22-5.83, p=0.014)

	Wang et al., 2017 
	Retrospective cohort 
	N: 265 

Age: 73.6 ± 5.9 years

Sex: 91.8% F
	CAM
	Incidence: 18.5% 

↑with older age (OR=1.14, 95% CI=1.08-3.71, p=0.01) 

↑ with history of dementia (OR=4.71, 95% CI=1.03-20.60, p=0.031)

	Huang et al., 2017
	Retrospective cohort 
	N: 954

Age: delirium group=78 years (IQR: 73.9-82.1);

non-delirium group=67 years (IQR: 58.6-75.4)

Sex: 81.4% F
	DSM-IV
	Incidence: 0.6% 

↑ with older age (78 years vs 67 years, p<0.0001)

↓ with Chinese ethnicity (83.0% Chinese in delirium group vs 90.0% in non-delirium group, p=0.002)



	Chung et al., 2015 
	Retrospective cohort 


	N: 287 

Age: 75 years (IQR: 72-80)

Sex: 90.1% F
	CAM, DSM-IV 
	Incidence: 3.1%

↑with older age (OR=1.15, 95% CI=1.01-1.31) 

↑ with history of dementia (OR=10.4, 95% CI=1.09-100)

	Petre et al., 2012 
	Retrospective cohort 
	N: 322 

Age: group 1=70.1 years; group 2= 83.7 years

Sex (M:F): group 1=69:122; group 2=62:99
	Unknown
	Incidence: not reported

↑with older age (OR=3.70, 95% CI=1.50-9.00)

	Wang et al., 2016 
	Retrospective cohort 
	N: 582 

Age and sex distributions not reported
	DSM-V criteria
	Incidence: 4.6%

↑in patients with electrolyte disorders (OR=2.38, 95% CI=1.16, 4.88, p=0.02) 

	Xie et al., 2014 

 
	Prospective cohort
	N: 153 

Age: 71.0 ± 5.0 years

Sex: 48.0% F


	CAM, MDAS
	Incidence: 20.0% 

↑with lower preoperative cerebrospinal fluid β-amyloid/tau ratio (32% vs 17%, p=0.05)

	Flink et al., 2012 
	Prospective cohort 
	N: 106 

Age: 72.9 ± 4.9 years 

Sex: 66.7% F 
	CAM
	Incidence: 25.5% 

↑with history of preexisting obstructive sleep apnea (OR=4.30, 95% CI=25.5%, p=0.012)

	Radcliff et al., 2012 
	Prospective cohort
	N: 1116 

Age: 64.4 ± 11.0 years

Sex: 56.0% F


	DSM-IV
	Incidence: 0.8%

↓in screened patients vs non-screened patients (0.8% vs 10.4%, p=0.0001)

	Krenk et al., 2012 
	Prospective cohort 
	N: 225 

Age: 69.4 years (60-86) 

Sex: 50.7% F
	DSM-IV 
	Incidence: 0.0% 

↓with use of vigorous physiotherapy (OR=0.0, 95% CI=0.0-1.6)


CAM= Confusion Assessment Method; DSM= Diagnostic and Statistical Manual of Mental Disorders; MDAS= Memorial Delirium Assessment Scale; OR= odds ratio; CI= confidence interval 
Table 2. Summary characteristics of studies reporting the pharmacological risk factors of postoperative delirium among older adults undergoing total knee arthroplasty.
	Author, Year 
	Study design 
	Sample size
	Postoperative delirium measure  
	Predictors of postoperative delirium  

	Mu et al., 2017
	Randomized controlled trial
	N: 620 

Age: 69.6 ± 6.5 years 

Sex: 73.9% F
	CAM
	Incidence: 6.2% 

↓in parecoxib group (RR=0.56, 95% CI=0.33-0.96)

 

	Liu et al., 2016 
	Randomized controlled trial  
	N: 200 

Age (p=0.16)

cognitive impairment plus treatment: 72.8 ± 8.2 years

cognitive impairment plus saline: 75.3 ± 7.8 years

control plus treatment: 71.2 ± 8.1 years

control plus saline: 72.8 ± 9.2 years

Sex (M:F) (p=0.56)

cognitive impairment plus treatment: 18:21
cognitive impairment plus saline: 23:17
control plus treatment: 26:34

control plus saline: 29:29
	CAM 
	Incidence 

     cognitive impairment plus treatment: 25.6%

     cognitive impairment plus saline: 62.5%     

     control plus treatment: 8.3%

     control plus saline: 31.0%

↓with dexmedetomidine treatment (p<0.05)

	Jain et al., 2011 
	Randomized controlled trial
	N: 400 

Age and sex distributions not reported
	CAM, MMSE
	Incidence: 15.0%

↓with olanzapine treatment vs placebo (15.0% vs 41.0%)

	Kinjo et al., 2012 
	Prospective cohort
	N: 85

Age (p=0.23)
Femoral block + PCA: 72.8 ± 5.8 years

PCA: 74.5 ± 6.5 years
Female sex, % (p=0.95)

Femoral block + PCA: 58.0% F

PCA: 57.0% F
	CAM 
	Incidence: 48.1%

↓with PCA and a femoral nerve block vs PCA (25.0% vs 61.0%, p=0.002)

	Nandi et al., 2014 
	Matched case-control 
	N: 463

Age (N of cases:N of controls) (p=0.30)

Less than 50( 3:12

50-54(2:29

55-59(9:45

60-64(17:65

65-69(17:60

70+(50:154

Sex  N of cases:N of controls (p=0.96)        Females(54:200         Males(44:165
	Unknown
	Incidence: not reported

↑with isoflurane (OR=4.08, 95% CI=1.26-12.18, p=0.02) 

↑ with benzodiazepines (OR=9.68, 95% CI=4.30-21.79, p<0.0001) 

↓with hydromorphone (OR=0.30, p=0.002)


CAM= Confusion Assessment Method; POSTOPERATIVE DELIRIUM = postoperative delirium; DSM= Diagnostic and Statistical Manual of Mental Disorders; MMSE=mini-mental state examination; PCA=patient-controlled analgesia; OR= odds ratio; CI= confidence interval 
Table 3. Significant positive and negative strengths of associations of nonpharmacological risk factors and postoperative delirium among older adults undergoing total knee arthroplasty.
	Older age, history of psychiatric illness, and ethnicity
	Electrolyte disorder


	Low cerebrospinal fluid protein ratio
	Obstructive sleep apnea
	Preoperative screening


	Physical therapy



	Jankowski et al. 2011

+

Older age

+

Psychiatric illness
	Wang et al. 2016

+


	Xie et al. 2014

+


	Flink et al. 2012

++


	Radcliff et al. 2012

—

	Krenk et al. 2012

—


	Wang et al. 2017

+

Older age

++

Psychiatric illness
	
	
	
	
	

	Huang et al. 2017

+

Older age

—
Chinese ethnicity 
	
	
	
	
	

	Chung et al. 2015

+

Older age

+++

Psychiatric illness
	
	
	
	
	

	Petre et al. 2012

++

Older age
	
	
	
	
	


+ indicates a significant positive association where the number of + represents the magnitude of the association

— indicates a significant negative association where the number of — represents the magnitude of the association
Table 4. Significant positive and negative strengths of associations of pharmacological risk factors and postoperative delirium among older adults undergoing total knee arthroplasty.
	Parecoxib


	Dexmedetomidine


	Olanzapine
	Femoral nerve block
	Multiple medications (isoflurane, benzodiazepines, hydromorphone)

	Mu et al. 2017

—
	Liu et al. 2016
—
	Jain et al. 2011

—
	Kinjo et al. 2012

—
	Nandi et al. 2014

++

Isoflurane

+++

Benzodiazepines

—

Hydromorphone 


+ indicates a significant positive association where the number of + represents the magnitude of the association

— indicates a significant negative association where the number of — represents the magnitude of the association
bibliography

Afonso, A., Scurlock, C., Reich, D., Raikhelkar, J., Hossain, S., Bodian, C., . . . Flynn, B. (2010). Predictive Model for Postoperative Delirium in Cardiac Surgical Patients. Semin Cardiothorac Vasc Anesth, 14, 212-217. 

Bakker, R. C., Osse, R. J., Tulen, J. H. M., Kappetein, A. P., & Bogers, A. J. J. C. (2012). Preoperative and operative predictors of delirium after cardiac surgery in elderly patients. Eur J Cardiothorac Surg, 41, 544-549. 

Campbell, N., Boustani, M. A., Ayub, A., Fox, G. C., Munger, S. L., Ott, C., . . . Singh, R. (2009). Pharmacological Management of Delirium in Hospitalized Adults – A Systematic Evidence Review. J Gen Intern Med, 24(7), 848-853. 

Carpenter, C. R. (2011). Review: Insufficient evidence exists about which drugs are associated with delirium; benzodiazepines may increase risk. Ann Intern Med, 154(12), JC6-JC10. 

Chung, K. S., Lee, J. K., Park, J. S., & Choi, C. H. (2015). Risk factors of delirium in patients undergoing total knee arthroplasty. Arch Gerontol Geriatr, 60(3), 443-447. 

Clegg, A., & Young, J. B. (2011). Which medications to avoid in people at risk of delirium: a systematic review Age Ageing, 40(1), 23-29. 

Contin, A. M., Perez-Jara, J., Alonso-Contin, A., Enguix, A., & Ramos, F. (2005 ). Postoperative delirium after elective orthopedic surgery. Int J Geriatr Psychiatry, 20, 595-597.

Cruz, M. d. l., Fan, J., Yennu, S., Tanco, K., Shin, S., Wu, J., . . . Bruera, E. (2015). The frequency of missed delirium in patients referred to palliative care in a comprehensive cancer center. Support Care Cancer, 23(8), 2427-2433. 

Dasgupta, M., & Dumbrell, A. C. (2006). Preoperative risk assessment for delirium after noncardiac surgery: A systematic review. J Am Geriatr Soc, 54, 1578-1589. 

Demeure, M. J., & Fain, M. J. (2006). The elderly surgical patient and postoperative delirium J Am Coll Surg, 203(5), 752-757. 

Diagnostic and Statistical Manual of Mental Disorders. (2013). Arlington, VA: American Psychiatric Association.

Ely, E. W., Shintani, A., Truman, B., Speroff, T., Gordon, S. M., Jr., F. E. H., . . . Dittus, R. S. (2004). Delirium as a predictor of mortality in mechanically ventilated patients in the intensive care unit. JAMA, 291(14), 1753-1762. 

Ethgen, O., Bruyere, O., Richy, F., Dardennes, C., & Reginster, J. Y. (2004). Health-related quality of life in total hip and total knee arthroplasty: A qualitative and systematic review of the literature. J Bone Joint Surg Am, 86-A, 963-974. 

Fineberg, S. J., Nandyala, S. V., Marquez-Lara, A., Oglesby, M., Patel, A. A., & Singh, K. (2013). Incidence and risk factors for postoperative delirium after lumbar spine surgery. Spine, 38(20), 1790-1796. 

Flink, B. J., RIvelli, S. K., Cox, E. A., White, W. D., Falcone, G., Vail, T. P., . . . Kwatra, M. M. (2012). Obstructive sleep apnea and incidence of postoperative delirium after elective knee replacement in the nondemented elderly. Anesthesiology, 116(4), 788-796. 

Gao, R., Yang, Z.-z., Li, M., Shi, Z.-c., & Fu, Q. (2008). Probable risk factors for postoperative delirium in patients undergoing spinal surgery. E Spine J, 17, 1531-1537. 

Huang, J., Razak, H. R. B. A., & Yeo, S. J. (2017). Incidence of postoperative delirium in patients undergoing total knee arthroplasty-an Asian perspective Ann Transl Med, 5(16), 321-326. 

Hustey, F. M., Meldon, S., & Palmer, R. (2000). Prevalence and documentation of impaired mental status in elderly emergency department patients. Acad Emerg Med, 7(10), 1166. 

Inouye, S. K., & Charpentier, P. A. (1996). Precipitating factors for delirium in hospitalized elderly persons: predictive model and interrelationship with baseline vulnerability. JAMA, 275(852-857). 

Inouye, S. K., Dyck, C. H. v., Alessi, C. A., Balkin, S., Siegal, A. P., & Horwitz, R. I. (1990). Clarifying confusion: the Confusion Assessment Method: a new method for detection in delirium Ann Intern Med, 113(12), 941-948. 

Inouye, S. K., Foreman, M. D., Mion, L. C., Katz, K. H., & Jr., L. M. C. (2001). Nurses’ recognition of delirium and its symptoms: comparison of nurse and researcher ratings. Arch Intern Med, 161(20), 2467-2473. 

Inouye, S. K., Jr., S. T. B., Charpentier, P. A., Leo-Summers, L., Acampora, D., Holford, T. R., & al., e. (1999). A multicomponent intervention to prevent delirium in hospitalized older patients N Engl J Med, 340(9), 669-676. 

Inouye, S. K., Viscoli, C. M., Horwitz, R. I., Hurst, L. D., & Tinetti, M. E. (1993). A predictive model for delirium in hospitalized elderly medical patients based on admission characteristics. . Ann Intern Med, 119, 474-481. 

Inouye, S. K., Westendorp, R. G. J., & Saczynski, J. S. (2014). Delrium in elderly people Lancet, 383(9920), 911-922. 

Jain, F. A., 3rd, J. O. B., Larsen, K. A., Kelly, S. E., Bode, R. H., Sweeney, G. A., & Stern, T. A. (2011). Individual risk profiles for postoperative delirium after joint replacement surgery. Psychosomatics, 52(5), 410-416. 

Jankowski, C. J., Trenerry, M. R., Cook, D. J., Buenvenida, S. L., Stevens, S. R., Schroeder, D. R., & Warner, D. O. (2011). Cognitive and functional predictors and sequelae of postoperative delirium in elderly patients undergoing elective joint arthroplasty. Anesth Analg, 112(5), 1186-1193. 

Jazmierski, J., Kowman, M., Banach, M., Fendler, W., Okonski, P., Banys, A., . . . Kloszewska, I. (2010). The use of DSM-IV and ICD-10 criteria and diagnostic scales for delirium among cardiac surgery patients: results from the IPDACS. J Neuropsychiatry Clin Neurosci, 22(4), 426-432. 

Joosten, E., Lemiengre, J., Nelis, T., Verbeke, G., & Milisen, K. (2006). Is anaemia a risk factor for delirium in an acute geriatric population? Gerontology, 52(382-385). 

Kehlet, H., & Wilmore, D. W. (2008). Evidence-based surgical care and the evolution of fast-track surgery. Ann Surg, 248, 189-198. 

Kinjo, S., Lim, E., Sands, L. P., Bozic, K. J., & Leung, J. M. (2012). Does using a femoral nerve block for total knee replacement decrease postoperative delirium? BMC Anesthesiol, 12(4), 1-6. 

Kochanek, K. D., Murphy, S. L., Xu, J. Q., & Tejada-Vera, B. (2016). Final data for 2014. Retrieved from Hyattsville, MD. 
Koster, S., Oosterveld, F. G., Hensens, A. G., Wijma, A., & Palen, J. v. d. (2008). Delirium after cardiac surgery and predictive validity of a risk checklist. Ann Thorac Surg, 86(6), 1883-1887. 

Kremers, H. M., Larson, D. R., Crowson, C. S., Kremers, W. K., Washington, R. E., Steiner, C. A., . . . Berry, D. J. (2015). Prevalence of Total Hip and Knee Replacement in the United States J Bone Joint Surg Am, 97(17), 1386-1397. 

Krenk, L., Rasmussen, L. S., Hansen, T. B., Bogø, S., Søballe, K., & Kehlet, H. (2012). Delirium after fast-track hip and knee arthroplasty. Br J Anaesth, 108(4), 607-611. 

Lin, S. M., Liu, C. Y., Wang, C. H., Lin, H. C., Huang, C. D., Huang, P. Y., . . . Kuo, H. P. (2004). The impact of delirium on the survival of mechanically ventilated patients. Crit Care Med, 32(11), 2254-2259. 

Liu, Y., Ma, L., Gao, M., Guo, W., & Ma, Y. (2016). Dexmedetomidine reduces postoperative delirium after joint replacement in elderly patients with mild cognitive impairment. Aging Clin Exp Res, 28(4), 729-736. 

Marcantonio, E. R., Flacker, J. M., Wright, R. J., & Resnick, N. M. (2001). Reducing delirium after hip fracture: a randomized trial Am Geriatr Soc, 49(5), 516-522. 

Marcantonio, E. R., Juarez, G., Goldman, L., Mangione, C. M., Ludwig, L. E., Lind, L., . . . Lee, T. H. (1994). The Relationship of Postoperative Delirium With Psychoactive Medications. JAMA, 272(19), 1518-1522. 

Mast, R. C. v. d. (1998). Pathophysiology of delirium J Geriatr Psychiatry Neurol, 11(3), 138-145. 

Mast, R. C. v. d., Huyse, F. J., & Rosier, P. F. (2005). Guideline to Delirium Ned Tijdschr Geneeskd, 149(19), 1027-1032. 

Mast, R. C. v. d., & Roest, F. H. (1996). Delirium after cardiac surgery: a critical review J Psychosom Res, 41(1), 13-30. 

Morrison, R. S., Magaziner, J., Gilbert, M., Kovak, K. J., McLaughlin, M. A., Orosz, G., . . . Siu, A. L. (2003). Relationship between pain and opioid analgesics on the development of delirium following hip fracture. . J Gerontol A Biol Sci Med Sci, 58(1), 76-81. 

Mu, D. L., Zhang, D. Z., Wang, D. X., Wang, G., Li, C. J., Meng, Z. T., . . . Li, X. Y. (2017). Parecoxib Supplementation to Morphine Analgesia Decreases Incidence of Delirium in Elderly Patients After Hip or Knee Replacement Surgery: A Randomized Controlled Trial. Anesth Analg, 124(6), 1992-2000. 

Nandi, S., Harvey, W. F., Saillant, J., Kazakin, A., Talmo, C., & Bono, J. (2014). Pharmacologic risk factors for post-operative delirium in total joint arthroplasty patients: a case-control study. J Arthroplasty, 29(2), 268-271. 

Noimark, D. (2009). Predicting the onset of delirium in the post-operative patient. Age Ageing, 38, 368-373. 

O’Keeffe, S., & Lavan, J. (1997). The prognostic significance of delirium in older hospital patients. J Am Geriatr Soc, 45(2), 174-178. 

Oh, E. S., Fong, T. G., Hshieh, T. T., & Inouye, S. K. (2017). Delirium in Older Persons: Advances in Diagnosis and Treatment. JAMA, 318(12), 1161-1174. 

Parikh, S. S., & Chung, F. (1995). Postoperative Delirium in the Elderly Anesthesia & Analgesia, 80(6), 1223-1232. 

Petre, B. M., Roxbury, C. R., McCallum, J. R., 3rd, K. W. D., Belkoff, S. M., & Mears, S. C. (2012). Pain reporting, opiate dosing, and the adverse effects of opiates after hip or knee replacement in patients 60 years old or older. Geriatr Orthop Surg Rehabil, 3(1), 3-7. 

Pisani, M. A., Kong, S. Y., Kasl, S. V., Murphy, T. E., Araujo, K. L., & Ness, P. H. V. (2009). Days of delirium are associated with 1-year mortality in an older intensive care unit population. Am J Respir Crit Care Med, 180(11), 1092-1097. 

Pompei, P., Foreman, M., Rudberg, M. A., Inouye, S. K., Braund, V., & Cassel, C. K. (1994). Delirium in hospitalized older persons: outcomes and predictors. J Am Geriatr Soc, 42(8), 809-815. 

Radcliff, K. E., Orozco, F. R., Quinones, D., Rhoades, D., Sidhu, G. S., & Ong, A. C. (2012). Preoperative risk stratification reduces the incidence of perioperative complications after total knee arthroplasty. J Arthroplasty, 27(8 Suppl), 77-80. 

Rudolph, J. L., Jones, R. N., Levkoff, S. E., Rockett, C., Inouye, S. K., Sellke, F. W., . . . Marcantonio, E. R. (2009). Derivation and validation of a preoperative prediction rule for delirium after cardiac surgery. Circulation, 119, 229-236. 

Sands, M. B., Dantoc, B. P., Hartshorn, A., Ryan, C. J., & Lujic, S. (2010). Single Question in Delirium (SQiD): Testing its efficacy against psychiatrist interview, the Confusion Assessment Method and the Memorial Delirium Assessment Scale. Palliative Medicine, 24(6), 561-565. 

Schenning, K. J., & Deiner, S. G. (2015). Postoperative Delirium in the Geriatric Patient. Anesthesiol Clin, 33(3), 505-516. 

Services, U. S. D. o. H. a. H. (2011). Global Health and Aging 11-7737, 1-32. 

Steiner, C., Andrews, R., Barrett, M., & Weiss, A. (2012). HCUP Projections: Mobility/Orthopedic Procedures 2003 to 2012. 
Table A-4a. Age-adjusted percentages (with standard errors) of selected diseases and conditions among adults aged 18 and over, by selected characteristics: United States, 2015. (2015). National Health Interview Survey.
Talmo, C. T., Robbins, C. E., & Bono, J. V. (2010). Total joint replacement in the elderly patient. Clin Geriatr Med, 26, 517-529. 

Trzepacz, P. T. (1996). Delirium. Advances in diagnosis, pathophysiology, and treatment Psychiatr Clin North Am, 19(3), 429-448. 

Veliz-Reissmuller, G., Torres, H. A., Linden, J. v. d., Lindblom, D., & Jonhagen, M. E. (2007). Pre-operative mild cognitive dysfunction predicts risk for post-operative delirium after elective cardiac surgery. Aging Clin Exp Res, 19(3), 172-177. 

Vijaykumar, B., Elango, P., & Ganessan, R. (2014). Post-operative delirium in elderly patients. Indian Journal of Anaesthesia, 58(3), 251-256. 

Wang, L., Seok, S., Kim, S., Kim, K., Lee, S., & Lee, K. (2017). The Risk Factors of Postoperative Delirium after Total Knee Arthroplasty. J Knee Surg, 30(6), 600-605. 

Wang, L. H., Xu, D. J., Wei, X. J., Chang, H. T., & Xu, G. H. (2016). Electrolyte disorders and aging: risk factors for delirium in patients undergoing orthopedic surgeries. BMC Psychiatry, 16(1), 418-424. 

Wei, L. A., Fearing, M. A., Sterberg, E. J., & Inouye, S. K. (2008). The Confusion Assessment Method (CAM): A Systematic Review of Current Usage J Am Geriatr Soc, 56(5), 823-830. 

Witlox, J., Eurelings, L. S., Jonghe, J. F. d., Kalisvaart, K. J., Eikelenboom, P., & Gool, W. A. v. (2010). Delirium in elderly patients and the risk of postdischarge mortality, institutionalization, and dementia: a meta-analysis. JAMA, 304(4), 443-451. 

Xie, Z., Swain, C. A., Ward, S. A., Zheng, H., Dong, Y., Sunder, N., . . . Marcantonio, E. R. (2014). Preoperative cerebrospinal fluid β-Amyloid/Tau ratio and postoperative delirium. Ann Clin Transl Neurol, 1(5), 319-328. 

Zhang, W. Y., Wu, W. L., Gu, J. J., Sun, Y., Ye, X. F., Qiu, W. J., . . . Zhang, S. Q. (2015). Risk factors for postoperative delirium in patients after coronary artery bypass grafting: a prospective cohort surgery. J Crit Care, 30(3), 606-612. 



PREDICTORS OF POSTOPERATIVE DELIRIUM AMONG PATIENTS UNDERGOING TOTAL KNEE ARTHROPLASTY:


A LITERATURE REVIEW 

















by


Anshika Kapur


BS, University of Minnesota, 2015





























Submitted to the Graduate Faculty of


Epidemiology


Graduate School of Public Health in partial fulfillment 


of the requirements for the degree of


Master of Public Health





























University of Pittsburgh


2018








UNIVERSITY OF PITTSBURGH


GRADUATE SCHOOL OF PUBLIC HEALTH




















This essay is submitted


by


Anshika Kapur 





on





April 20, 2018 


and approved by





Essay Advisor: 


Nancy W. Glynn, PhD			______________________________________


Assistant Professor


Department of Epidemiology


Graduate School of Public Health


University of Pittsburgh








Essay Readers:





Jeanette M. Trauth, PhD			______________________________________


Associate Professor


Department of Behavioral and Community Health Sciences


Graduate School of Public Health


University of Pittsburgh





Janet A. Cipkala-Gaffin, DrPH		______________________________________


Nurse Scientist/Epidemiologist 


UPMC-Shadyside


Pittsburgh, Pennsylvania 











(If you have an extra reader, add their info; you can adjust the spacing on this page to fit it.)








Copyright © by Anshika Kapur


2018





Nancy W. Glynn, PhD





PREDICTORS OF POSTOPERATIVE DELIRIUM AMONG PATIENTS UNDERGOING TOTAL KNEE ARTHROPLASTY:


A LITERATURE REVIEW





Anshika Kapur, MPH


University of Pittsburgh, 2018





PubMed database search January 1, 2011-March 20, 2018





(“postoperative delirium”) AND (“incidence”) AND (“risk factors” OR “predictors”) AND (“total knee replacement” OR “total knee arthroplasty”)








31 articles identified 





Articles excluded from PubMed search (N=16)


Did not find an association (N=2)


Did not identify postoperative delirium risk factors (N=2)


Primary focus other than postoperative delirium (N=3)


Review article (N=2)


Did not use a research study design (N=2)


Meta-analysis/post-hoc analysis (N=2)


Correspondence (N=2)


Excluded postoperative delirium patients (N=1)


 


 


 


 


 





15 articles included in the final review





Table 1 Continued





Table 2 Continued









x

