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Objective: To establish a nomogram model for the prediction of postoperative cognitive dysfunction (POCD) in elderly patients undergoing gastrointestinal tumor resection.

Methods: A total of 369 elderly patients scheduled for elective gastrointestinal tumor resection under general anesthesia were included. The cognitive function of each participant was assessed by the Mini-Mental State Examination (MMSE) 1 day before surgery and 7 days after surgery for the diagnosis of POCD. According to the results, patients were divided into a POCD group and a non-POCD group. The differences in hospitalization data and examination results between the two groups were compared. A logistic regression model was used to explore the risk factors for POCD in elderly patients undergoing gastrointestinal tumor resection, and a nomogram was then constructed based on these factors. The diagnostic performance of the nomogram was evaluated using the area under the receiver operating characteristic curve (AUROC) and a calibration plot. The clinical usefulness of the nomogram was estimated using decision curve analysis (DCA).

Results: Among the 369 patients undergoing gastrointestinal tumor resection, 79 patients had POCD, with a positive rate of 21.4%. The nomogram model comprised the following variables: age, body mass index (BMI), history of cerebrovascular disease, preoperative white blood cell (WBC) count, preoperative hemoglobin (Hb) level, intra-operative blood loss, and operation time. The model showed good discrimination, with an area under the curve (AUC) of 0.710 (95% CI = 0.645–0.775), and good calibration (Hosmer–Lemeshow test, χ2 = 5.133, p = 0.274). Internal validation also maintained ideal discrimination and calibration. Decision curves indicated that when the threshold probability was above 0.1, the nomogram achieved more benefit than both the treat-all and treat-none policies.

Conclusion: This scoring system is the first nomogram model developed for the prediction of POCD in elderly patients undergoing gastrointestinal tumor resection. It has good efficacy in the prediction of POCD risk and could provide an important reference for the prevention, management, and treatment of POCD.
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Introduction

In 2019, 700 million people worldwide were over the age of 65 years, and it is reported that the population will increase to 16% by 2050, in which one out of six people will be elderly (United Nations: Department of Economic and Social Affairs, 2021). With the advent of an aging society, the number of elderly patients with age-related diseases that require surgery is increasing. Therefore, long-term postoperative outcomes and healthcare requirements of elderly patients have become challenging in anesthesia (Cao et al., 2018). Postoperative cognitive dysfunction (POCD) is a common postoperative complication in elderly patients (Peden et al., 2021), and it has been reported that the incidence of cognitive impairment in elderly patients who undergo noncardiac surgery is 25.8–41.4% at 1 week after surgery, which is still as high as 9.9–12.7% at 3 months (Moller et al., 1998; Monk et al., 2008). Patients’ memory, social abilities, executive abilities, etc. are mainly affected by POCD (Eckenhoff et al., 2020). It not only prolongs the hospital stay and increases the medical expenses of patients but also reduces their quality of life and self-care abilities after discharge. Moreover, it increases the incidence of postoperative dementia and even increases the mortality of patients (Newman et al., 2007; Murthy et al., 2015), causing a huge burden on patients, their families, and society (Boone et al., 2020).

At present, clinical prevention and treatment measures for POCD mainly include drug therapy, nondrug therapy, or a combination of both. Nondrug measures include adopting minimally invasive surgery, improving the effective perfusion of tissues and organs during surgery (Borsook et al., 2010), strengthening postoperative analgesia (Evered et al., 2021), controlling the depth of anesthesia (O’Brien et al., 2017), and promoting physical exercise in the perioperative period (Rengel et al., 2021; Duan et al., 2022). Drug methods include the use of dexmedetomidine (Su et al., 2016), COX-2 inhibitors (Margraf et al., 2020), statins (Alam et al., 2018), and probiotics during the perioperative period (Wang et al., 2021). These measures could reduce the incidence of POCD to a certain extent, which suggests that the early identification of high-risk patients who may develop POCD and taking preventive measures as soon as possible may be an effective management strategy for POCD (Kotekar et al., 2018).

A more advanced age, a lower education level (Rundshagen, 2014; Needham et al., 2017; Urits et al., 2019; Mahanna-Gabrielli et al., 2020), a history of cerebrovascular accidents (Urits et al., 2019), poor baseline cognitive status (Zietemann et al., 2018), a higher vulnerability index (Susano et al., 2020), and a history of alcohol consumption (Gvozdenović and Antanasković, 2015) are possible risk factors for the occurrence of POCD. The risk prediction model not only focuses on a single indicator but also includes multiple factors influencing the occurrence of the disease. Therefore, it could more quickly and systematically identify and distinguish the groups at high risk of the disease. However, there have been few reports on POCD prediction model research. Therefore, in this study, we performed a multivariate regression analysis with risk factors reported in previous literature that may affect the development of POCD in elderly patients. Then, based on that, we constructed a nomogram to provide a method to identify groups at high risk for POCD.



Materials and methods


Patients and clinical data

This is a retrospective case-control study, approved by the Ethics Committee of The Third Xiangya Hospital (ID: 22035) with waived written consent. A total of 369 elderly patients who were scheduled for selective gastrointestinal tumor resection under general anesthesia in The Third Xiangya Hospital from March 2018 to October 2021 were enrolled. The inclusion criteria were as follows: (1) preoperative Mini-Mental State Examination (MMSE) score >24 points; (2) patients over the age of 60 years; and (3) patients scheduled for gastrointestinal tumor resection under general anesthesia. The exclusion criteria were as follows: (1) patients with a history of severe neurological or psychiatric disorders; (2) patients with a history of sedative or antidepressant medication; (3) patients with a severe audio-visual impairment affecting the assessment; and (4) patients diagnosed with delirium by using the Confusion Assessment Method (CAM) before the surgery. Patients’ baseline characteristics, intraoperative information, and postoperative outcomes in our database were all extracted from electronic medical records.



Cognitive function assessment and postoperative cognitive dysfunction diagnostic criteria

The cognitive function assessments were performed 1 day before surgery and 7 days after surgery (or at discharge) by an experienced anesthesia nurse who was blinded to this protocol. The MMSE was used for assessments. The MMSE score 1 day before surgery was the baseline score, and POCD was diagnosed when the MMSE score decreased by more than 3 points compared with the baseline score (Wang et al., 2021).



Statistical analysis

All data analyses were performed using SPSS 26.0 software and R version 4.1.2. Continuous data were expressed as mean ± standard deviation (SD) ([image: image]) and comparisons between groups were expressed by a t-test; while categorical data were presented as numbers with percentages and compared using the χ2 test or continuity-corrected χ2 test. A multivariate logistic regression analysis was performed to further screen the optimal prediction model with the lowest Akaike information criterion (AIC). A nomogram was built using the rms package in R software based on the final results of multivariate logistic regression. The receiver operating characteristic (ROC) curve was conducted to assess the predictive performance of the model. At the same time, the model was internally validated for discrimination and calibration using 1,000 bootstrap resamplings, and the Hosmer–Lemeshow goodness-of-fit test was used to evaluate the fitting degree of the predictive model. Finally, the clinical usefulness of the nomogram was estimated using the decision curve analysis (DCA). All tests were two-tailed, and p < 0.05 was considered statistically significant.




Results


Comparison of general data and perioperative data between the postoperative cognitive dysfunction group and the non-postoperative cognitive dysfunction group

A total of 369 patients were included in the final analysis, and 69.9% were men. All patients were divided into the POCD group (n = 79) and the non-POCD group (n = 290) according to the cognitive function assessment results. The incidence of POCD was 21.4% (79/369). Table 1 shows the baseline characteristics and perioperative data of patients who had POCD and those who did not. Compared with the non-POCD group, the patients in the POCD group were older, had a lower body mass index (BMI), and were more likely to have a previous history of cerebrovascular disease (p < 0.05). As for perioperative data, the patients who had POCD had a higher frequency of white blood cell (WBC) count >10 × 109/L, hemoglobin (Hb) level <120 g/L, intraoperative blood loss >400 ml, and operation time >8 h (p < 0.05, Table 1).


TABLE 1    Comparison of general data and perioperative data between the POCD group and the non-POCD group.
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Variable selection

The factors reported in previous literature that may affect the development of POCD–the level of education and the variables with p < 0.05 in the univariate analysis were subjected to multivariate logistic regression analysis with a stepwise elimination procedure to obtain an optimized model in terms of a minimal AIC value. Finally, age, BMI, history of cerebrovascular disease, preoperative WBC count, preoperative Hb level, intraoperative blood loss, and operation time were incorporated into the prediction model, and the minimum AIC value was 357.5. Among them, age ≥70 years [odds ratio (OR) = 1.715, 95% CI = 1.003–2.934], BMI <18.5 kg/m2 (OR = 2.241, 95% CI = 1.060–4.737), history of cerebrovascular disease (OR = 3.403, 95% CI = 1.356–8.537), preoperative WBC count >10 × 109/L (OR = 3.751, 95% CI = 1.124–12.522), intraoperative blood loss >400 ml (OR = 3.436, 95% CI = 1.476–8.000), and operation time >8 h (OR = 6.199, 95% CI = 1.529–25.129) were independent risk factors for POCD in elderly patients with gastrointestinal tumors (p < 0.05, Figure 1). Variance inflation factors (VIFs) for variables included in the regression analyses were calculated to check for multicollinearity, which were all close to 1.0. It is indicated that there is no collinearity among seven variables (VIFs <5).


[image: image]

FIGURE 1
Multivariate analysis of the risk of postoperative cognitive dysfunction (POCD) in elderly patients undergoing gastrointestinal tumor resection. BMI, body mass index; WBC, white blood cell; Hb, hemoglobin.




Development of prediction model

According to the variables and their corresponding regression coefficients from the results of multivariate logistic regression analysis, the nomogram of POCD in elderly patients after gastrointestinal tumor resection was then established (Figure 2). Each of these variables is separately scored with a score ranging from 0 to 100. Furthermore, the scores for all variables were summed to generate the final total score, which corresponded to the probability of POCD in elderly patients undergoing gastrointestinal tumor resection (Figure 2).
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FIGURE 2
The nomogram for predicting the probability of POCD in elderly patients after gastrointestinal tumor resection. BMI, body mass index; WBC, white blood cell; Hb, hemoglobin.




Performance of the postoperative cognitive dysfunction-risk nomogram and internal validation

As shown in Figure 3, the area under the receiver operating characteristic curve (AUROC) of the predictive nomogram was 0.710 (95% CI = 0.645–0.775) (Figure 3A). Then, we performed the bootstrap method repeated sampling 1,000 times, and determined the internal validation of the nomogram model, with an AUROC of 0.709. In addition, the calibration curve showed that the predicted result of the nomogram model was in good agreement with the actual observed result, with a mean absolute error of 0.029 (Figure 3B). Moreover, the nomogram also performed well on the goodness of fit (Hosmer–Lemeshow test, χ2 = 5.133, p = 0.274). The decision curves indicated that when the threshold probability is above 0.1, the nomogram achieved more benefit than both the treat-all policy and the treat-none policy (Figure 3C).
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FIGURE 3
The performance and validation of the nomogram. (A) The receiver operating characteristic (ROC) curve of the prediction model for POCD. (B) The calibration curve of the nomogram-predicted probability of POCD. (C) Decision curve analysis (DCA) for the nomogram.





Discussion

In this study, we constructed a nomogram model for the prediction of POCD in elderly patients undergoing gastrointestinal tumor resection based on seven easily accessible items (age, history of cerebrovascular disease, BMI, preoperative WBC count, preoperative Hb level, intraoperative blood loss, and operation time). The performance of the nomogram was well demonstrated by the ROC curve, the calibration curve, and DCA in terms of discrimination, calibration plot, and clinical utility. To our knowledge, this is the first study to use a nomogram model to predict POCD in elderly patients undergoing gastrointestinal tumor resection. The benefit of such a model is the simultaneous realization of visualization as well as the objectification of measurement, which can be applied conveniently for clinical application.

The incidence of POCD was confirmed in 21.4% of patients in our study (79/369), whereas it was observed in 25.8% of patients in the International POCD Research Collaborative Group (Moller et al., 1998). The underlying reasons for the observed variability in incidence are differences between patient populations, the proportion of elderly people aged ≥70 years, and the diagnostic criteria of POCD. At the same time, our research showed that an age ≥70 years, a BMI <18.5 kg/m2, a history of cerebrovascular disease, a preoperative WBC count >10 × 109/L, intraoperative blood loss >400 ml, and an operation time >8 h were risk factors of POCD in elderly patients undergoing gastrointestinal tumor resection.

The relationship between age and POCD is consistently reported in the literature, with numerous studies that implicate advanced age as a risk factor for POCD (Monk et al., 2008; O’Brien et al., 2017). In the process of aging, the structure and function of the brain change, such as a decrease in the overall weight of the brain, the volume of the corresponding brain regions, and the number of neurons and gliosis, while an increase in the permeability of the blood–brain barrier (Mattson and Magnus, 2006; Small et al., 2011; Elobeid et al., 2016; Daniele et al., 2018). All of these changes reduce the cerebral functional reserve and increase the risk of POCD. At the same time, our study showed that the frequency of POCD had a tendency to increase with a history of cerebrovascular disease, which was similar to previous studies (Monk et al., 2008). Evered et al. (2016) found that patients with a history of stroke were more likely to develop POCD even if they had no sequelae. Furthermore, the risk may also be raised even in asymptomatic patients who show neurovascular changes on brain imaging (white matter hyperintensity and cerebral infarction) (Kant et al., 2017).

A large prospective cohort study demonstrated that substantial weight loss (>10%) during follow-up was significantly associated with cognitive impairment (Wu et al., 2021), as confirmed by several other cohort studies (Driscoll et al., 2011; Ren et al., 2021). Similarly, we found that patients with a BMI <18.5 kg/m2 had a 1.241-fold increased risk of POCD. The mechanisms may be related to systemic inflammation, impaired metabolic function, gut microbiota (Grillner et al., 2016), and sarcopenia (Cruz-Jentoft et al., 2010; van Dam et al., 2018). In contrast, there were also other studies showing that elderly patients with a high BMI (>30 kg/m2) had an increased risk of cognitive impairment (Pérez-Belmonte et al., 2015; Feinkohl et al., 2016). This may be due to the general weight loss of patients with gastrointestinal tumors. All of the above findings suggested that an abnormal BMI may be an unfavorable factor for the maintenance of good cognition.

It is now generally believed that inflammation plays a substantial role in the pathogenesis of POCD (Skvarc et al., 2018). Peripheral inflammation is able to alter the structural and functional integrity of the blood–brain barrier, resulting in the loss of synaptic plasticity and neuronal apoptosis, which is detrimental to the recovery of postoperative brain function (Jin et al., 2020). In accordance with this, we detected that increased preoperative WBC counts were a risk factor for POCD. In addition, it has been reported that even within the normal range, increases in WBC counts are significantly associated with cognitive impairment (Kao et al., 2011; An et al., 2019).

In addition, our results showed that excessive intraoperative blood loss and prolonged operation time increased the risk of POCD in patients. As reported in animal experiments, acute blood loss caused postoperative visual-spatial memory and learning impairments in chronic hypertensive rats (Li et al., 2010). This may be due to excessive blood loss leading to intraoperative hypotension and ischemic damage to brain tissue, which in turn affects brain function (Fan et al., 2016; Hussein et al., 2019). Surgical trauma stimulation and a prolonged operation time would aggravate the damage caused by an insufficient cerebral blood supply, thereby affecting postoperative memory and cognitive function. Furthermore, clinical studies indicated that intraoperative blood loss, related to a systemic inflammatory status and blood-brain barrier disruption, may promote the postoperative brain (Taylor et al., 2022).

Postoperative cognitive dysfunction significantly affects the long-term outcomes and prognosis of patients. It is particularly important to identify high-risk groups and make great efforts to intervene. The nomogram, compared with computationally complex and tedious mathematical models, combines numerical probabilities with clinically meaningful variables to predict the risk of adverse events. It is a visual statistical formula model with seven simple indicators which are easy to obtain. Conveniently, the model helped clinical medical staff to identify patients who are prone to develop POCD early and accurately, which was of positive clinical guiding significance for carrying out targeted prevention strategies for POCD. According to our findings, we can reduce the occurrence as well as improve the prognosis of POCD by taking clinical measures, such as performing comprehensive preoperative assessments, improving patient nutritional status, actively correcting the inflammatory state, and adjusting surgical plans.

There are still some limitations to our study. First, our study was conducted in a single center with a limited number of patients. Moreover, it was performed among a specific population of patients with gastrointestinal tumors. However, since our model was based on seven easily available clinical indicators of patients with any surgical type, it could be verified in other surgical populations in further studies. In addition, our model still needs to be further improved. It is partly due to the fact that this was a retrospective study so some potentially associated factors of POCD reported in previous studies were not available, such as the frailty index, quality of life, and depth of anesthesia. Therefore, it is necessary to carry out prospective research, add relevant indicators to improve the prediction ability of the model and verify it in multiple centers.
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ASA >III grade, n (%) 17 5(6.3) 12 (4.1) 0.410
MMSE score (mean =+ SD) 83.61 £11.27 27.43 £1.47 27.14 £ 1.62 0.153
History of disease and medication, n (%)

Hypertension 127 29 (36.7) 98 (33.8) 0.629
Diabetes 46 13 (16.5) 33 (11.4) 0.226
Cardiovascular disease 38 10 (12.7) 28 (9.7) 0.436
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POCD, postoperative cognitive dysfunction; BMI, body mass index; ASA, American Society of Anesthesiologists; MMSE, Mini-Mental State Examination; WBC, white blood cell; Hb,
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