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Preoperative mild cognitive impairment as a risk factor of postoperative cognitive dysfunction in elderly patients undergoing spine surgery
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Introduction: Any persistent degree of cognitive impairment in older adults is a concern as it can progress to dementia. This study aimed to determine the incidence and risk factors for early postoperative cognitive dysfunction (POCD) in elderly patients undergoing spine surgery.

Methods: Patients were enrolled from a previous prospective observational study after screening for normal cognitive function using the Mini Mental State Examination (MMSE). Cognitive function was evaluated before surgery and at 1 week, month, and year post-surgery using MMSE and Montreal Cognitive Assessment scores (MoCA). Mild cognitive impairment (MCI) was determined using the MoCA scores adjusted for age. POCD was defined as a drop of three or more points on the MMSE 1 week post-surgery. Multivariate logistic analysis was performed to identify POCD risk factors.

Results: A total of 427 patients were included. Eighty-five (20%) had pre-existing MCI. The MCI group showed lower MoCA scores at each time point (baseline, 1 week after surgery, 1 month after surgery, 1 year after surgery) compared to the non-MCI group. Those in the MCI group had a higher rate of admission to intensive care unit after surgery, postoperative delirium, and POCD 1 week post-surgery, than those in the non-MCI group (16.5% vs. 6.7%, p = 0.008; 27.1% vs. 15.8%, p = 0.024; and 18.8% vs. 8.2%, p < 0.001, respectively). Among them, 10.3% were assessed for POCD on postoperative day 7 and self-reported poor social roles and physical functioning 1 week postoperatively.

Conclusion: Preoperative MCI was seen in ~20% of surgical patients aged >70 years. POCD was seen in ~20% of patients with pre-existing MCI, and ~ 10% of those without. Benzodiazepine use, significant comorbidities, pre-existing MCI, and depressive tendencies were risk factors for POCD.
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1 Introduction

With advances in medical technology, the number of elderly patients undergoing surgery continues to increase (Lee et al., 2015). It is generally anticipated that cognitive function will decline as part of the normal aging process. MCI is often considered an early stage of dementia or a transitional phase between the normal aging process and dementia. MCI is characterized by cognitive changes that are greater than expected for one’s age but do not prominently impair daily function (Arevalo-Rodriguez et al., 2021). The estimated prevalence of MCI is 10–66% in elderly patients (Petersen, 2011; Langa and Levine, 2014; Schrempft et al., 2022; Lee et al., 2023). The lack of obvious criteria for the diagnosis of MCI and variations in population characteristics among different studies have resulted in considerable variation in prevalence among established research. MCI increases healthcare utilization, caregiver burden, development of delirium, and even mortality (Petersen, 2011; Culley et al., 2017; Bae et al., 2018). The importance of evaluating cognitive function before surgery for preoperative MCI has been emphasized (Culley et al., 2017); however, in actual clinical situation, a preoperative cognitive examination is not routinely performed for all elderly patients scheduled for surgery.

Postoperative cognitive dysfunction (POCD) is typically characterized as a type of cognitive impairment that emerges within a timeframe ranging from 7 days to 1 year following the surgical procedure (Needham et al., 2017). POCD is generally temporary but may be linked to delays in returning to work, a higher occurrence of long-term dementia, and even mortality (Steinmetz et al., 2009; Bilotta et al., 2010; Lin et al., 2022). POCD is a major concern in patients undergoing surgery, and a few reports have indicated that the symptoms of cognitive decline may persist long after surgery (Steinmetz et al., 2009; Leslie, 2017).

This study aimed to identify the incidence and risk factors of early POCD in elderly patients with normal cognitive function undergoing spine surgery. We hypothesized that pre-existing cognitive impairment is associated with POCD.



2 Materials and methods


2.1 Ethics approval

This was a secondary analysis of a previous prospective observational study that primarily focused on postoperative delirium and was approved by the local institutional review board (Severance Hospital 4–2019-0654; ClinicalTrials.gov Identifier: NCT04120272). Written informed consent was obtained from all participants.



2.2 Participants

We screened patients aged >70 years scheduled to undergo spine surgery between November 2019 and May 2023. We screened patients within the week before surgery using the MMSE, finally enrolling 600 patients with normal cognition. The exclusion criteria were presence of literacy problems, language difficulties, and hearing or visual impairment and a history of neurologic disease (e.g., stroke, seizures, dementia, and cognitive impairment). Medical comorbidities, medical history, and years of education were recorded through meticulous searches of medical records and interviews with patients and caretakers.

The MMSE is a concise assessment tool that evaluates various aspects of cognitive function such as orientation, memory, language, attention, calculation, praxis, and visuospatial function. With a maximum score of 30, a higher score represents better cognitive function. The Montreal Cognitive Assessment (MoCA) is a screening tool that was developed specifically for the detection of MCI and takes approximately 10 min to complete. Many studies that directly compared the MoCA and MMSE have revealed that the MoCA is more sensitive in accurately distinguishing individuals with MCI from those with normal cognitive function (Roalf et al., 2013; Langa and Levine, 2014). The MMSE and MoCA were administered by trained interviewers four times: baseline tests within the week before surgery, on postoperative day 7, and at 1 month and 1 year after surgery. The modified version of the Telephone Interviews for Cognitive Status (TICS-m) was implemented to minimize the rate of loss to follow-up for discharged patients, both at the 1 month and 1 year postoperative periods. Depression was assessed using the Geriatric Depression Scale (GDS). The GDS, originally developed by Yesavage et al. (1982), is a self-reporting instrument used extensively for the comprehensive geriatric assessment of depression (Yesavage et al., 1982). The total score is the sum of the scores for the individual questions (maximum score of 30). The PROMIS (Patient-Reported Outcomes Measurement Information System)-29 V2.1 consists of a set of patient-centered measures: sleep disturbance, social roles, physical function, fatigue, anxiety, and depression (Kang et al., 2021; Kim et al., 2021). We used a five-point Likert scale (range: 1–5) to measure the severity or frequency of symptoms. Higher scores indicated improved physical function; increased engagement in social roles and activities; and higher levels of anxiety, depression, fatigue, and sleep disruption. The scores in each domain were converted into T-scores using the PROMIS scoring algorithms. The T-scores have a mean of 50 and a standard deviation of 10 in the general population, allowing for comparisons across different populations. The use of the PROMIS for assessing the quality of life of patients with cancer or surgery is becoming increasingly popular (Hatchimonji et al., 2021; Kenfack et al., 2022).



2.3 Definition of POCD, postoperative delirium, and MCI

Pre-existing MCI was assessed before surgery. Age-adjusted MoCA cut-off scores for MCI detection were obtained from a study in the Korean population (Kang et al., 2009; Kwak and Kim, 2021). The cut-off scores were < 22 for 70–79-year-olds, < 18 for 80–84-year-olds, and < 14 for 85–89-year-olds. Postoperative delirium was assessed twice daily by trained study personnel from the day of surgery until postoperative day 7 in the CAM-ICU. POCD was defined as a decrease of three points compared with the baseline MMSE score 1 week after surgery (Wu and Han, 2020; Wang et al., 2021; Xi et al., 2021; Huang et al., 2022).



2.4 Anesthetic management

All surgical procedures and anesthetic management were performed using standardized maneuvers at our institute. The procedures included laminectomy, discectomy, and spinal fusion and were performed with the patient in the prone position and the head and neck in the neutral position.

Anesthesia was induced with propofol (1–1.5 mg/kg IV), remifentanil (0.05–0.2 μg/kg/min), and rocuronium (0.6 mg/kg) and maintained with sevoflurane or desflurane. Automated measurements and recordings of blood pressure, heart rate, and peripheral oxygen saturation were performed continuously. During surgery, the concentration of sevoflurane or desflurane was adjusted according to the patient’s state index (Psi), using a SedLine® sensor (Masimo, Irvine, CA, United States). Intraoperative SedLine® analysis was performed on 241 patients.



2.5 Study outcomes

The primary outcome was POCD incidence 1 week after surgery. The secondary outcomes were MCI incidence among normal elderly patients; risk factors for POCD; and MMSE, MoCA, TICS-m, or PROMIS-29 scores at several time point such as preoperative period (baseline), 1 week after surgery, 1 month after surgery and 1 year after surgery.



2.6 Statistical analysis

The Shapiro–Wilk test was used to assess the normality of the variables. We used the independent Student’s t-test for normally distributed and the Wilcoxon rank-sum test for non-normally distributed variables. Normal and non-normal variables are represented as mean ± SD and median (IQR), respectively. The chi-squared test was used for categorical variables expressed as numbers (%). In the results of cognitive function test (MMSE, MoCA), the comparison between the group according to the 4 time points (baseline, 1 week, 1 month, 1 year) were analyzed using a linear mixed-effect model. Post-hoc tests were conducted using the emmeans package. Multivariate logistic analysis was performed to identify the risk factors for POCD in elderly patients. Certain factors such as age, level of education, cerebrovascular disease, duration of operation, poor functional status, time spent with low Psi, and pre-existing cognitive impairment have been identified as risk factors for POCD in previous studies (Needham et al., 2017; Tasbihgou and Absalom, 2021). Thus, these factors were considered as potential confounding variables in the present analyses. Data manipulation and analyses were performed using the R software, version 4.1.0 (R Foundation for Statistical Computing, Vienna, Austria).




3 Results

A total of 600 patients were enrolled, and 64 dropped out owing to cancelation of the planned surgery and/or withdrawal of consent. Thus, 536 patients completed the study, and 427 patients who completed the preoperative MMSE, preoperative MoCA, and MMSE 1 week after surgery were finally analyzed (Figure 1).
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FIGURE 1
 Patient inclusion flow chart.


In this study, preoperative MCI was suspected in many patients (19.9%, 85/427), despite excluding those with cognitive impairment and dementia using the baseline MMSE test, based on years of education. Patients with preoperative cognitive impairment had a higher percentage of being female and having poorer functional status, higher scores on the frailty index and GDS, and lower education level (Table 1).



TABLE 1 Baseline characteristics of MCI and non-MCI groups.
[image: Table1]

The intraoperative parameters were comparable between the MCI and non-MCI groups (Table 2). However, the duration of low Psi under general anesthesia (T Psi < 25) was higher in the MCI than the non-MCI group. More patients were admitted to the intensive care unit after the surgery in the MCI group compared to the non-MCI group (16.5% vs. 6.7%, p = 0.008). The incidence of postoperative delirium was higher in the MCI than the non-MCI group (27.1% vs. 15.8%, p = 0.024, Table 2).



TABLE 2 Perioperative parameters and postoperative outcomes in the MCI and non-MCI groups.
[image: Table2]

Patients with MCI showed lower MMSE, MoCA, and TICS-m scores up to one year after surgery, indicating that cognitive impairment could persist after surgery (Table 3). MCI patients steadily self-reported higher anxiety levels from the preoperative phase to 1 month after surgery, as determined based on PROMIS scores (Supplementary Table 1).



TABLE 3 Comparison of test scores for cognitive function and patient-centered quality of life at baseline and 1 week, 1 month, and 1 year after surgery between the MCI and non-MCI groups.
[image: Table3]

Among the 427 patients aged over 70 years, the prevalence of POCD based on MMSE scores at 1 week post-surgery was 10.3%. The prevalence of POCD at 1 week post-surgery in the MCI group was higher than that in the non-MCI group (18.8% vs. 8.2%, p < 0.001, Table 3). In the group with Mild Cognitive Impairment (MCI), the average MoCA score one year after the surgery was 20.4 ± 4.7, while the non-MCI group had a score of 26.6 ± 2.3 points. This signifies that cognitive dysfunction persists in the MCI group even up to one year post-surgery. Patients in POCD group were observed to have a higher intake of benzodiazepines in their home medication and a preoperative history of delirium (Table 4). Patients with POCD also presented with an intraoperatively longer duration of Psi < 25, and a higher incidence and longer duration of postoperative delirium (Table 5). Patients with POCD self-reported a higher rate of sleep disturbance in the preoperative period than did patients without POCD (Supplementary Table 2). One month after surgery, patients with POCD appeared cognitively impaired based on their MMSE and MoCA scores (Table 6). Patients with POCD reported poor social roles and physical function 1 week after surgery (Supplementary Table 2).



TABLE 4 Baseline characteristics of the POCD and non-POCD groups.
[image: Table4]



TABLE 5 Perioperative parameters and postoperative outcomes in the POCD and non-POCD groups.
[image: Table5]



TABLE 6 Comparison of cognitive function and patient-centered quality of life test scores at baseline and at 1 week, 1 month, and 1 year after surgery between the POCD and non-POCD groups.
[image: Table6]

The findings of the univariate analysis revealed that POCD was associated with the Charlson Comorbidity Index, GDS scores, pre-existing MCI, duration of Psi < 25 in the operation, and preoperative benzodiazepine medication (Table 7). In the subsequent multivariate logistic regression analysis of preoperative variables, POCD was significantly associated with benzodiazepine medication, Charlson Comorbidity Index, pre-existing MCI, and GDS scores.



TABLE 7 Odds ratios on univariate and multivariate logistic regression analyses for POCD.
[image: Table7]



4 Discussion

In this study, benzodiazepine use, high comorbidity, pre-existing cognitive impairment, and disposition to depression were associated with POCD in elderly patients with no previous diagnosis of cognitive impairment. Cognitive screening, as part of the preoperative evaluation of elderly surgical patients, can assist in categorizing their risk levels, thereby enabling the implementation of suitable measures to mitigate negative postoperative outcomes. The administration of a cognitive test battery is essential if patients are at a higher risk of developing POCD (Tasbihgou and Absalom, 2021).

Similar to previous findings, our results also revealed that pre-existing MCI plays an important role in the development of POCD. The MoCA test meets the criteria for screening tests to detect MCI better than the MMSE (Langa and Levine, 2014; Elkana et al., 2020). Therefore, as per the criteria for MCI, we applied the age-adjusted cut-off value of the Korean version of the MoCA as different age groups may have different baseline cognitive performance and ability.

The TICS-m was used to evaluate cognitive function because conducting face-to-face cognitive testing on all enrolled patients was impossible due to the start of the coronavirus disease 2019 pandemic. Considering that the cut-off value of the TICS-m for diagnosing MCI is 24–25 (Seo et al., 2011; Pendlebury et al., 2013), there were significantly more patients with cognitive decline at 1 month and at 1 year after surgery (data not shown) in the MCI group, although we did not assess the baseline TICS-m score. It is well known that MCI is associated with postoperative adverse complications, such as postoperative delirium, mortality, readmission rate, and long hospital stay (Langa and Levine, 2014; Chen et al., 2022; Au et al., 2023). Nevertheless, in a practical clinical setting, preoperative evaluations of cognitive function are not routinely implemented. In this study, our findings revealed that even when patients with dementia and severe cognitive impairment were excluded, the prevalence of MCI was 19.9%, which has a serious impact on postoperative outcomes in elderly patients who have undergone surgery.

While postoperative delirium is usually of short duration, lasting 1–3 days, POCD can persist for several months and, sometimes, even longer (Liu et al., 2018). Postoperative delirium and POCD share several negative postoperative outcomes, such as longer hospital stays, higher mortality rates, and diminished quality of life (Langa and Levine, 2014). However, in the current study, the purpose of the multivariate logistic regression model was to identify risk factors for POCD. As we focused on the relationship between preoperative variables and POCD, postoperative delirium was not included in the multivariate logistic regression analysis.

In this study, although patients in the MCI group had higher GDS scores and higher scores in the depression domain of the PROMIS-29, they were not significantly higher. In other studies, a strong association has been observed between cognitive impairment and depression (Jung et al., 2013; Guan et al., 2020). Additionally, depression is associated with an increased likelihood of progression from MCI to dementia throughout the neurodegenerative continuum (Ismail et al., 2017). Interventions such as cognitive stimulation programs or cognitive training improve cognitive performance, anxiety, depression, and quality of life in elderly patients with MCI (Ge et al., 2018; Carcelén-Fraile et al., 2022). Further research is currently underway to determine whether applying cognitive stimulation programs or cognitive training in patients undergoing surgery is beneficial.

Using EEG-based anesthesia is controversial for the prevention of postoperative delirium or POCD (Punjasawadwong et al., 2018; Mahr et al., 2021). However, preventing very low levels of processed EEG monitoring is helpful in reducing the prevalence of postoperative delirium and POCD at 1 year after surgery (Mac Kenzie et al., 2018; Evered et al., 2021). In this study, the time of low Psi was higher in both the POCD and pre-existing MCI groups than in the other groups. It is uncertain whether EEG is causative of POCD or whether a low EEG score results from pre-existing MCI; however, there seems to be an association between intraoperative EEG and POCD.

Comorbidities such as hypertension, obesity, and diabetes mellitus are associated with cognitive decline in the general population (Needham et al., 2017). Our findings also showed that patients with a high degree of comorbidity had a high risk of developing POCD. However, according to other studies (Needham et al., 2017; Lertkovit et al., 2022), polypharmacy resulting from multiple comorbidities is not associated with POCD. Since benzodiazepines are associated with cognitive impairment (Gray et al., 2016), the relationship between benzodiazepines or sleep disturbances and POCD should also be considered. Our results also demonstrated that benzodiazepines could contribute to the development of POCD.

The aim of medicine has shifted from metrics of medical outcomes, such as mortality, to patient-reported outcomes and patient satisfaction (Fleisher, 2018). Modern anesthesia focuses on improving the quality of recovery after surgery. Postoperative pain control; biorhythms, such as sleep disturbances; and psychological recovery, such as depression and preoperative anxiety during surgery, are also important problems associated with returning to daily life after surgery. In the non-MCI group of this study, the PROMIS-29 score measured in various domains 1 month after surgery did not deteriorate compared to that before surgery. However, patients with pre-existing MCI reported worse postoperative PROMIS-29 scores than did patients without MCI in domains such as fatigue, anxiety, and depression. Patients screened for MCI should also be assessed for postoperative quality of recovery, and modifiable factors, such as insomnia or depression, should be corrected. Patients with POCD reported poor social roles and physical function on postoperative day 7. In high-risk elderly patients, follow-up of cognitive dysfunction and support for social and physical performance are imperative during the perioperative period.

This study has some limitations. First, this study has the inherent limitations of all observational cohort studies, such as various uncontrolled confounding factors and loss to follow-up. However, confounding and important risk factors could be distinguished using linear regression. To reduce the rate of loss during follow-up, we conducted telephone interviews using the TICS-m. Nevertheless, our study showed a significant loss to follow-up, especially in patients with poor condition who are admitted to a nursing hospital and so difficult to interview by phone. Second, neuropsychiatric cognitive battery tests were not conducted. However, the Korean versions of the MMSE, MoCA, and TICS-m have been validated and used in many other studies on MCI and POCD. These tests are convenient but time-consuming. Regrettably, in clinical settings, such a simple cognitive test is not implemented before surgery. The importance of this study is that the risk of POCD can be screened using these tests. Finally, since all participants in the study were Korean patients with no previous history of cognitive issues and had undergone spine surgery, it is necessary to conduct further research on other demographic groups to ensure that the present findings are applicable to the general population.

In conclusion, even after excluding severe cognitive impairment and dementia, preoperative MCI was seen in approximately 20% of surgical patients aged 70 years or older and was an important factor in POCD. POCD occurred in 1 out of 5 patients with pre-existing MCI and 1 out of 10 patients without pre-existing MCI. Benzodiazepine use, severe comorbidities, and depressive tendencies were risk factors for POCD.
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