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Perioperative cognitive decline is one of the perioperative neurocognitive disorders common to see in elderly patients. Although POCD increases patient mortality and hospitalization time, the exact inflammatory and related mechanisms are still unknown. Besides, the diagnosis of POCD lacks a unified and straightforward evaluation neuropsychological scale. Metabolites could reveal chemical fingerprints left behind by the cellular process, which provides a new aspect to understand the biological process behind. According to the post-operative MMSE score, 56 patients who received elective orthopedics surgery were included and divided into POCD and Non-POCD groups. Preoperative serum metabolites in both groups and post-operative serum metabolites were analyzed. We then performed an SVM model using 10 differential metabolites in preoperative samples as features to evaluate the patients' risk of POCD, which appeared to be positively associated with POCD and could be a potential biomarker. We also analyzed differential serum metabolites from preoperative and post-operative samples of POCD patients. By analyzing their overlap differential metabolites with between POCD and Non-POCD patients, we further inferred seven metabolites positively related to the POCD mechanism. Our results provide a more convenient method to aid POCD diagnosis and prevention using biomarkers and explore the possible mechanism behind.
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INTRODUCTION

Perioperative cognitive dysfunction (POCD) is an overarching term for cognitive impairment identified in the preoperative or post-operative period. This includes cognitive decline diagnosed before operation (described as neurocognitive disorder), any form of the acute event (post-operative delirium), cognitive decline diagnosed up to 30 days after the procedure (delayed neurocognitive recovery), and up to 12 months (post-operative neurocognitive disorder) (1). POCD refers to disorders affecting orientation, attention, perception, consciousness, and judgment that develop after surgery. Patients over the age of 65 who underwent non-cardiac surgery had a 26% prevalence of POCD within a few weeks, which decreased to 10% 3 months postoperatively (2). Long-term POCD prolongs patients' hospitalization time with high medical costs and increases mortality before or after discharge. POCD has become a severe medical problem and a social problem that cannot be ignored.

Metabolomics is an efficient technique used to detect perturbations in the metabolome, providing detailed information on an organism's biochemical phenotype in a healthy or pathophysiologic state (3). Metabolomics has a powerful ability to reveal the unique chemical fingerprints left behind by cellular processes (4). Metabolomics platforms could be used to track biochemical alterations that might precede or precipitate pathological changes. The metabolomics could also aid in developing diagnostic markers of PND screening, early detection, and further providing a basis for disease prevention and treatment.

Currently, the diagnosis of POCD mainly relies on the neuropsychological scale, but the scale varies in a different place, and the diagnosed process is complicated. This process needs to be supervised by professions, which turned out to be laborious and time-consuming. However, studies have reported that the level of inflammatory factors in patients may be related to the occurrence of POCD, while the exact inflammatory factors and related mechanisms remain unknown (5, 6). Recent studies have reported that multiple metabolites are associated with post-operative delirium (POD) in elderly patients, and these metabolic abnormalities could increase the fragility of the brain and then contribute to POD (7). However, whether it can serve as a predictor for POCD in elderly patients undergoing Orthopedic surgery remains unclear. Therefore, this study aimed to identify potential predictors for POCD in elderly patients with Orthopedic surgery and explore possible molecular mechanisms.



MATERIALS AND METHODS


Study Population and Setting

We selected 56 aged patients who received elective orthopedics surgery in the Faculty of Anesthesiology of Changhai Hospital between December 2018 and May 2019 to conduct a prospective clinical study, POCD-aged study (NCT03765840). The study was approved by the Shanghai Changhai Hospital Ethics Committee (Shanghai, China) (CHEC2018-133), and written informed consent was obtained from all participants.

Patients received spinal anesthesia using an Isobaric Solution of 0.75% Bupivacaine and post-operative patient control analgesia (PCA) with Butorphanol Tartrate Injection, Flurbiprofen Axetil injection, and Fentanyl Citrate Injection without contraindication. Patients with more than 65 years old, orthopedics, American Society of Anesthesiologists (ASA) physical status I-III, consent information, the educational level above primary school, a negative Clock drawing experiment, and MMSE score of above or equal to 22 points were included. Patients with more than 85 years old, a history of neurological disorders, stroke, other significant central nervous system disease or severe psychiatric illness, multiple trauma and the presence of head injury, history of an endocrine or metabolic disorder were excluded. Blood samples with severe hemolysis and loss to follow-up were rejected.



Assessment of POCD and Patient Grouping

Cognitive function was determined by the MMSE score at PREOP, POD1, and POD3. The reduction of the MMSE score of above to 2 points on the 3rd post-operative day compared with the preoperative day was considered evidence of cognitive decline (8).



Blood Sample Collection

Blood samples were performed on all participants at their timepoints: preoperative sample (PREOP), post-operative day 1 (POD1), and day 3 (POD3). Blood was collected into heparinized tubes. The serum was then separated and stored in a −80°C freezer before the metabolomics analysis.



LC/MS Analysis

Liquid chromatography-mass spectrometry analysis was carried on LC-MS (Thermo, Ultimate 3000LC, Q Exactive) platform. The parameter for both ESI+ and ESI− ion mode is listed below Heater Temp 300°C; Sheath Gas Flow rate, 45arb; Aux Gas Flow Rate, 15 arbs; Sweep Gas Flow Rate, 1arb; spray voltage, 3.0KV; Capillary Temp, 350°C; S-Lens RF Level, 30%. The data was performed with feature extraction and preprocessed with Compound Discoverer software (Thermo). Two thousand fifteen features at (ESI+) ion mode and 1,601 features at (ESI−) ion mode in this experiment, the data after editing were performed Multivariate Analysis (MVA) using SIMCA-P software (Umetrics AB, Umea, Sweden).



Biomarker Identification

We built a supervised learning model by support vector machine (SVM) to classify POCD and Non-POCD groups. Finally, we used radial as SVM kernel function under type C classification and picked out features to construct the final SVM model. Under this parameter, the predictive accuracy was calculated.




RESULTS


Basic Characteristics of POCD and Non-POCD Groups

We collected all patients' demographic data in Table 1. Fifteen out of 56 patients who received elective orthopedics surgery came up with post-operative cognitive decline and were defined as the POCD group. The rest consists of the Non-POCD group. No significant difference existed in age, gender, body mass index (BMI), ASA score, education level, preoperative MMSE score, operation duration, treatment during surgery, disease history, or other general characteristics between POCD and Non-POCD groups (two-tailed unpaired Student's t-test, p > 0.05).


Table 1. Baseline of the study population.
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Overall Metabolomics Analysis of Blood Samples

The metabolomes of 71 blood samples from 56 elective orthopedic surgery patients in POCD and Non-POCD groups were characterized and compared. We collected preoperative and post-operative blood samples of all 15 patients belongs to the POCD group, while for those in the Non-POCD group, only preoperative blood samples were collected. In order to better understanding how metabolomics varied across time in POCD and Non-POCD groups, we divided them into three groups and named preoperative Non-POCD as Non-POCD pre-op, preoperative POCD group as POCD pre-op, and post-operative POCD group as POCD post-op. Representative ESI positive and ESI negative ion chromatogram of each group were presented in Figure 1. A total of 2,015 molecular features at (ESI+) ion mode and 1,601 molecular features at (ESI−) ion mode were obtained using Compound Discover and subjected to Multivariate Analysis (MVA) using SIMCA-P software. The Principal Components Analysis (PCA) extracted 11 principal components at (ESI+) ion mode with a Q2 of 0.193 and R2X of 0.504. At (ESI−) ion mode (Figure 2A), there are 12 principal components at last, with a Q2 of 0.237 and R2X of 0.579 (Figure 2B). Although at the overall point of view, these three groups' distributions were overlapped at (ESI+) ion mode and (ESI−) ion mode, the PLS-DA results showed a significant difference existed not only in between preoperative and post-operative POCD group, but also preoperative POCD and Non-POCD groups.


[image: Figure 1]
FIGURE 1. (A) Typical ion chromatogram from preoperative sample of Non-POCD group (Non-POCD pre-op) (ESI+). (B) Typical ion chromatogram from preoperative sample of Non-POCD group (ESI−). (C) Typical ion chromatogram from preoperative sample of POCD group (POCD pre-op) (ESI+). (D) Typical ion chromatogram from preoperative sample of POCD group (ESI−). (E) Typical ion chromatogram from post-operative sample of POCD group (POCD post-op) (ESI+). (F) Typical ion chromatogram from post-operative sample of POCD group (ESI−).
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FIGURE 2. (A) The PCA scores plot of all samples (ESI+). (B) The PCA scores plot of all samples (ESI-).


The PLS-DA results of preoperative Non-POCD and POCD samples revealed their distributions differences with a Q2 of 0.85 and R2Y of 0.988 at (ESI+) ion mode (Figure 3A). While at (ESI−) ion mode, there is a Q2 of 0.606 and R2Y of 0.938 (Figure 3B). All the above indicated a reliable and not over lifting model. Features with VIP scores >1.0 in multivariate statistical analysis and p < 0.05 in univariate analysis were considered the most significant metabolites and were visualized through heatmap (Figures 4A,B). A total of 33 metabolites at (ESI+) ion mode and 17 metabolites at (ESI−) ion mode were picked out as the most significant differentiating metabolites (Table 2).
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FIGURE 3. Partial least squares discriminant analysis (PLS-DA) of blood metabolomics data from before and after surgery POCD groups. Blood metabolites distinguished before and after surgery in patients with POCD. The blue stars represented before surgery POCD patients and the red triangles represented after surgery POCD patients in the two-dimensional PLS-DA score plots.
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Figure 4. (C,D) Metabolic patterns in before and after surgery POCD groups. Differentiating blood metabolites between before and after surgery POCD groups were shown as heatmaps. (A,B) Metabolic patterns in POCD and Non-POCD groups. Differentiating blood metabolites between POCD and Non-POCD groups were shown as heatmaps. Each row represented data for a specific metabolite, and each column represented an individual. Different colors corresponded to the different intensity levels of metabolites. Red and green colors represented increased and decreased levels of metabolites, respectively.



Table 2. Differential Metabolites between preoperative samples of non-POCD and POCD group.
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The PLS-DA results of pre- and post-operative POCD samples revealed their distributions differences with a Q2 of 0.864 and R2Y of 0.997 at (ESI+) ion mode (Figure 3C). While at (ESI−) ion mode, there is a Q2 of 0.755 and R2Y of 0.995 (Figure 3D). Features with VIP scores >1.0 in multivariate statistical analysis and p < 0.05 in univariate analysis were considered the most significant metabolites and were visualized through heatmap (Figures 4C,D). A total of 8 metabolites at (ESI+) ion mode and 19 metabolites at (ESI−) ion mode were picked out as the most significant differentiating metabolites (Table 3).


Table 3. Differential Metabolites between pre- and post-operative samples of POCD group.
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SVM Analysis of Before Surgery POCD and Non-POCD Group Blood Samples

Finding out differentiating blood metabolites between preoperative samples of the POCD and Non-POCD groups inspired some of them to be used as biomarkers to predict whether a patient would suffer from POCD after surgery. Therefore, we used the support vector machine (SVM) model to identify the hidden patterns behind. Using all these differentiating blood metabolites as input features, we finally acquired an SVM model with 10 features, including oleamide, MG180/00/00, L-histidine, L-leucine, guanosine monophosphate, sphinganine 1-phospho, LysoPC150, L-glutamine, L-palmitoylcarnitine, uric acid, LysoPE00/160, and phosphocreatine (Figures 5A,B). The 0.91 AUC score indicated a well-performed model, and the prediction accuracy reaches 83.8% (Figures 5C,D). Among all these features, oleamide has the highest selected frequency and could be a potential biomarker for POCD prediction. We annotated the metabolites variation for each feature. Only oleamide, MG180/00/00, LysoPCD150, and LysoPE00/160 were higher in the Non-POCD group than the POCD group.


[image: Figure 5]
FIGURE 5. SVM analysis of before surgery POCD and Non-POCD blood samples metabolites. (A) SVM classification of POCD and Non-POCD groups. (B) Specificity and sensitivity of the SVM model. (C) Predictive accuracies with different features in the SVM model. (D) Features' importance ranking. The red cube represented higher metabolites detected while the green cube represented lower metabolites detected.


We also found that seven metabolites were calculated as significant differential metabolites in POCD pre-op and Non-POCD pre-op samples compared to POCD post-op samples.




DISCUSSION

Perioperative cognitive decline (POCD) is a post-operative complication in elderly patients, which resulted in post-operative adverse effects on orientation, attention, perception, consciousness, and judgment. Despite the severe medical burden of POCD in the perioperative period, detailed pathogenesis and molecular mechanism remain unknown. As there is limited therapy in treating the POCD, the identification of high-risk patients becomes essential. Several studies proposed that advanced age, preoperative high blood pressure and diabetes, cerebrovascular disease, and psychological factor may increase the risk of POCD. However, more sensitive and specific diagnostic methods are still in great need. By applying metabolomics, we detected significant differential metabolites between POCD and Non-POCD groups and identified 10 serum biomarkers through the support vector machine (SVM) that may act as risk factors for predicting POCD. This analysis is also applied to pre- and post-operative POCD samples to investigate possible metabolic mechanisms in developing POCD.

In our study, seven kinds of differential metabolites appeared in both preoperative comparisons of POCD and Non-POCD groups, and pre- and post-operative comparison of the POCD group (Figure 6). We also dig into their potential biological mechanism related to cognitive. Compared to L-valine, O-acetylserine and L-phenylalanine, LysoPC (15:0), uric acid, and guanosine monophosphate were tended to be a possible inducement of POCD. At the same time, the variation of amino acid L-valine, O-acetylserine, and L-phenylalanine are more likely to be a downstream result influenced by the system alteration. Purine metabolism was proved to have an important function in regulating gut motor reflexes and associate with inflammatory bowel disease (9). At the same time, gut microbiota, which induced neuroinflammation, might be related to cognitive dysfunction (9). These metabolites could be a pilot process of how intestinal flora influence cognitive.


[image: Figure 6]
FIGURE 6. Hypothetical figure for significant differential metabolites appeared in both preoperative comparisons of POCD and Non-POCD groups, and pre- and post-operative comparison of the POCD group.


Simply analysis of differential metabolites could only offer limited information. With the SVM model's help, we can predict 83.8% potential POCD patients using 10 metabolites. In this way, patients who are predicted to be at high risk of POCD may be considered to take precautionary treatments such as the perioperative application of dexmedetomidine or the avoidance of inhalation anesthetics. We can diagnose and predict the risk of a patient with a SVM model constructed using only 10 serum metabolites. And the uniform standard could be easier to measure than the evaluation based on age and accompanying disease. In previous research, oleamide, which ranked top among all 10 metabolites in our study, was proved to reverse the scopolamine-induced memory and cognitive impairment in the passive avoidance test and Y-maze test (10). Therefore, the supplement of decreased oleamide in the POCD group might be helpful for the cognitive decline.

These differential metabolites between both preoperative comparisons of POCD and Non-POCD groups, and pre- and post-operative comparison of the POCD groups indicate the difference in serum sample. It shows a way to further dig into the POCD mechanisms. The SVM model gives a uniform standard for clinical diagnose which is easier and measurable compared to traditional methods.

There are also limitations to the present study. Firstly, this is a small-sample single-center prospective study, and we only recruited patients who underwent orthopedic surgery. Selection bias and deviation in metabolic data due to similar primary illness may influence the conclusion's interpretation and generalization. Secondly, the investigation on a metabolic mechanism based on the comparison of pre- and post-operative samples of the POCD group is still preliminary and requires further study. As our results suggested, specific metabolites may participate in the pathogenesis of the POCD. Future studies with detailed observation of analysis may help identify the specific metabolic interaction that promotes the POCD.

In conclusion, our study proposed a novel method to predict and detect POCD with metabolomics. We identified ten metabolites that may indicate the high-risk patients of POCD. The research related to oleamide inspired us to study these biomarkers and found out if some of them could be used as a potential treatment. LysoPC (15:0), uric acid, guanosine monophosphate might be an entry point to study the relationship between intestinal flora and cognitive.
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