
TYPE Original Research
PUBLISHED 16 August 2022| DOI 10.3389/fsurg.2022.814345
EDITED BY

Yao Yao,

Peking University, China

REVIEWED BY

Siti Setiati,

University of Indonesia, Indonesia

Liang-Yu Chen,

Taipei Veterans General Hospital, Taiwan

*CORRESPONDENCE

Lin Zhang

zhang_lin1987@163.com

SPECIALTY SECTION

This article was submitted to Orthopedic

Surgery, a section of the journal Frontiers in

Surgery

RECEIVED 13 November 2021

ACCEPTED 28 July 2022

PUBLISHED 16 August 2022

CITATION

Zhang L, Li B, Bai Y, Liu X and Chai X (2022) The

C-reactive protein/albumin ratio predicts

postoperative delirium in patients older than 60

years following total knee arthroplasty.

Front. Surg. 9:814345.

doi: 10.3389/fsurg.2022.814345

COPYRIGHT

© 2022 Zhang, Li, Bai, Liu and Chai. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.
Frontiers in Surgery
The C-reactive protein/albumin
ratio predicts postoperative
delirium in patients older than
60 years following total knee
arthroplasty
Lin Zhang1*, Baoquan Li1, Yujiang Bai2, Xiaoshuang Liu3

and Xin Chai1

1Orthopedic Surgery, The Second Affiliated Hospital of Qiqihar Medical University, Qiqihar, China,
2Orthopedic Surgery, The Third Affiliated Hospital of Qiqihar Medical University, Qiqihar, China,
3Endoscope Center, The Third Affiliated Hospital of Qiqihar Medical University, Qiqihar, China

Purpose: This study aimed to investigate the relationship between serum C-
reactive protein (CRP)/Albumin ratio (CAR) and postoperative delirium (POD)
in patients older than 60 years following total knee arthroplasty (TKA).
Methods: From January 2019 to January 2021, 268 patients were recruited in
this prospective observational investigation. Patients with serum CRP, Alb, CAR,
delirious status and delirious score were assessed. The effect of CRP, Alb, CAR
on predicting delirium was assessed with the area under the receiver operating
characteristic (ROC) curve (AUC).
Results: The study found that higher CRP level (P < 0.001), low Alb level
(P < 0.001), and higher CAR (P < 0.001) were independently associated with
POD. The AUC of CAR for POD was 0.782, with the cut-off value of 0.117, a
sensitivity of 83.3% and a specificity of 65.9% respectively (P < 0.001),
suggesting that CAR had moderate efficacy on predicting POD occurrence
than CRP (AUC: 0.761) and Alb (AUC: 0.300). The results also showed that age,
ASA and the operation time was an independent predictor for patients with POD.
Conclusions: Our findings demonstrated CAR may be an effective biomarker to
predict postoperative delirium in patients over 60 years of age with TKA, which
provides potential recommendations for early intervention in delirium care.
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Introduction

Total knee arthroplasty (TKA) can successfully relieve knee pain, restore function and

improve quality of life (1). However, the majority of TKA patients are older than 60 years,

and these patients are also associated with a number of comorbidities, which increases the

likelihood of perioperative complications (2, 3). Postoperative delirium (POD) has become

a major postoperative complication because it is closely associated with decreased quality of

life, longer hospital stays, and increased morbidity and mortality (4, 5).

POD is a severe neuropsychiatric syndrome characterized by an acute deterioration

of attention, cognition, and mental function (6). Previous studies have reported that the
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incidence of POD in adults with non-cardiovascular diseases

ranges from 4% to 65%, whereas 35% to 65% of patients

undergoing elective orthopedic surgery account for 9% to 15%

(7). There is increasing evidence that POD may lead to

permanent cognitive decline and dementia in some patients

(8, 9). Most nurses are able to detect postoperative cognitive

changes in patients, but early diagnosis and prevention of

POD was critical to avoid compromising patient care (10). It

is widely believed that surgery, especially major surgery, is

associated with severe systemic inflammation (11). Since the

brain responses to inflammation, including activation of

apoptosis of microglia and neurons, can lead to synaptic and

neurochemical disorders (12).

Current evidence has also shown that POD has been shown

to be associated with inflammation of the central nervous

system (13, 14). C-reactive protein (CRP), one of the most

common markers of systemic inflammation, has been

recognized as an independent risk factor for delirium after

vascular surgery (15) and hip surgery (16). In addition,

albumin (Alb), as a protein involved in acute inflammatory

response, is often used to assess the nutritional status of

surgical patients (17). At the same time, some studies have

suggested that hypoalbuminemia is an important reason for

the increased complications and reoperation rate in elderly

patients with hip fracture (18). The ratio of C-reactive protein

to albumin, named as CRP/Alb ratio (CAR), has been widely

used as an indicator to predict the prognosis of cardiovascular

events (19), liver surgery (20) and renal cancer surgery (21).

Therefore, the increased CAR level during perioperative

period may be associated with the risk of POD in patients

undergoing surgery. To test this hypothesis, we conducted a

hospital-based study to investigate the relationship between

perioperative CAR and the risk of POD in patients with TKA

older than 60 years.
Methods

Study design

A prospective observational investigation was conducted from

January 2018 to January 2021. The inclusion and exclusion

criteria are as follows: (1) the patient underwent total knee

replacement due to severe osteoarthritis; (2) the patient was

older than 60 years; (3) the American Society of

Anesthesiologists (ASA) scores does not exceed Grade III; (4)

no history of central nervous damage or psychiatric medication

in the recent 3 months; (5) no history of neuropsychiatric

disease or dementia, no cognitive impairment; (6) no infectious

diseases affecting CRP and Alb; (7) no immune diseases or

severe liver and kidney disease. In this study, we used the

Chinese Mini-Mental State Examination (MMSE) to assess the

cognitive function for patients, which included 19 independent
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item scores totaling 30 (22), and patients with a MMSE score of

less than 27 were excluded from the study if they were

considered to have cognitive impairment.
Clinical and laboratory data

The clinical and laboratory data for each patient including

age, sex, ASA scores, medical disease, hemoglobin, platelets

and white blood cells, lymphocyte, body mass index (BMI),

CRP, Alb, CAR, the neutrophil to lymphocyte ratio (NLR),

the platelet to lymphocyte ratio (PLR) was carefully recorded.

The blood indicators were collected as follows: after

admission, the patients’ fasting external venous blood samples

were taken preoperatively, and all the samples were sent to

the laboratory for examination in our hospital within 2 h. In

this study, the CAR was defined as the ratio of preoperative

CRP to preoperative Alb.
Clinical assessment

All patients were treated with TKA under general anesthesia

by the same senior physician. Nonsteroidal drugs were used for

perioperative analgesia. An experienced psychiatrist and nurse

diagnosed postoperative patients with POD using the

confusion assessment method (CAM, a qualitative measure of

delirium state), and the memorial delirium assessment scale

(MADS, a quantitative measure of delirium severity) (23). The

main contents of CAM included four: (1) Acute onset and

mood swings; (2) Inattention; (3) Thinking disorder; (4)

Changes in consciousness level. If the patient has both (1)

and (2), plus either (3) or (4), the diagnosis is made. In this

study, we assessed the occurrence of POD within 5 days after

surgery, and if POD occurred at least once within 5 days after

surgery, they were defined as POD group.
Statistical analyses

The categorical data is analyzed using the chi-square tests,

and the Mann–Whitney U-tests was used to compare the

differences in continuous data between the two independent

groups. According to the coordinate points of the receiver

operating characteristic (ROC) curve, the optimal threshold of

CAR for POD was calculated by using the Youden index (J-

statistic = sensitivity + specificity− 1). To clarify the results of

the ROC curve, the test has “low accuracy” if the area under

treatment (AUC) ranges from 0.5 to 0.7, it has a “mild

accuracy” if the AUC ranges between 0.7 and 0.9, and it has a

“high accuracy” if the AUC > is 0.9. To screen the potential

risk factors for the pods, a multivariate logistic regression

analysis was performed, and only those factors with P value <
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0.1 were included in the final multivariate logistic regression

model. The P value of <0.05 is considered statistically

significant. In addition, regressions were adjusted for gender,

preoperative comorbidities (such as diabetes mellitus,

hypertension, coronary artery disease, peripheral vascular

disease and central nervous system disease), etc. All statistical

analyses were performed using SPSS Statistics version 21

(IBM Corp., Armonk, NY).
Results

Basic characteristics

Following exclusion criteria, 367 patients were enrolled in

our study (Figure 1), of which, 99 patients were excluded.

Therefore, a total of 268 patients were finally included, of

which the patients in POD group included 14 males and 28

females, with the mean age of 70.29 ± 5.03 years, while the

Control group (without POD) included 80 males and 146

females, with the mean age of 66.56 ± 5.87 years, and it is was

significant differences between the two groups (P = 0.001).

The demographic characteristics and hematologic parameters

for the patients and control groups were presented in Table 1.
Laboratory measurements

The preoperative CRP, Alb and CAR of the patients in POD

group were 20.33 ± 32.75 mg/L, 39.16 ± 6.99 g/L and 0.54 ± 0.91
FIGURE 1

Flowchart of included and excluded cases. Aberrative: TKA, total knee a
assessment scale; CRP, C-reactive protein.
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respectively, and the patients in Control group had a CRP of

8.00 ± 17.68 mg/L, an Alb of 43.17 ± 4.13 g/L, and a CAR of

0.18 ± 0.40. There was a statistically significant difference in

CRP, Alb and CAR between patients and controls (all of P <

0.001) (Table 1). The mean value of the MADS score after

surgery were 6.20 ± 3.16 and 0.08 ± 0. 39 between the POD

and Control groups (P < 0.001). However, the levels of

hemoglobin, white blood cells, platelets and lymphocyte were

no significantly in the POD patients than those in the control

group (all of P > 0.05).
CAR, ASA scores were associated with
POD

In this study, we assessed whether age, ASA scores, CRP,

Alb, CAR, hemoglobin, platelets and white blood cells,

lymphocyte, NLR, PLR and the operation time correlated with

POD. As shown in Table 1 and Figure 2, there was a

statistically significant difference in CAR (P < 0.001), but it

was not significant difference in NLR (P = 0.313) and PLR

(P = 0.408) between POD and Control groups. As shown in

Table 2, we found that age, ASA scores, CRP, Alb, CRP and

the operation time were positively correlated with the MADS

postoperative score in this study (r = 0.235, P < 0.001; r =

0.138, P < 0.001; r = 0.164, P < 0.007; r =−0.252, P < 0.001; r =
0.190, P = 0.002, and r = 0.710, P = 0.001, respectively).

Compared with hemoglobin, platelets, white blood cells, NLR

and PLR, CAR was more strongly related to MADS by the

Spearman correlation test (Table 2).
rthroplasty; POD, postoperative delirium; MADS, memorial delirium
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TABLE 1 Demographic and clinical parameters of the POD and control
group.

Characteristic POD group
(n = 42)

Control group
(n = 226)

P-
Value

Age (years) 70.29 ± 5.03 66.56 ± 5.87 0.001

Male/female (n) 14/28 80/146 0.796

BMI (kg/m2) 24.27 ± 3.18 24.04 ± 3.29 0.683

Preoperative
comorbidities, n

Diabetes mellitus 13 24 0.001

Hypertension 11 23 0.001

Coronary artery disease 6 14 0.067

Peripheral vascular
disease

4 17 0.658

Central nervous system
disease

2 6 0.461

ASA (scores) 2.50 ± 0.59 2.21 ± 0.54 0.002

Preoperative MADS
(scores)

0.36 ± 0.49 0.35 ± 0.48 0.926

Postoperative MADS
(scores)

7.57 ± 0.98 1.01 ± 0.67 0.001

Hemoglobin (g/L) 127.71 ± 14.66 129.04 ± 18.12 0.655

Platelets × 109/L 189.23 ± 51.85 189.10 ± 57.03 0.989

White blood cells × 109/
L

4.12 ± 1.48 4.24 ± 1.86 0.698

Lymphocyte × 109/L 1.77 ± 0.49 1.70 ± 0.55 0.459

CRP (mg/L) 20.33 ± 32.75 8.00 ± 17.68 0.001

Alb (g/L) 39.16 ± 6.99 43.17 ± 4.13 0.001

CAR 0.54 ± 0.91 0.18 ± 0.40 0.001

NLR 2.54 ± 1.17 2.96 ± 2.63 0.313

PLR 117.36 ± 55.31 131.03 ± 104.10 0.408

The operation time
(min)

138.23 ± 6.14 121.34 ± 5.69 0.001

Aberrative: POD, postoperative delirium; BMI, body mass index; ASA, American

Society of Anesthesiologists; MADS, memorial delirium assessment scale; CRP,

C-reactive protein; Alb, albumin; CAR, C-reactive protein to albumin Ratio;

NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; n, number;

min, minutes. P < 0.05 was considered statistically significant.

FIGURE 2

Comparison of CAR (A), NLR (B) and PLR (C) levels between POD and con
protein to albumin Ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lym
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Predictive value of CAR for POD

The predictive value of preoperative CAR for POD was

evaluated by ROC curve analysis. As shown in Table 3 and

Figure 3, the area under the curve (AUC) of CAR for POD

was 0.782, with the cut-off value of 0.117, a sensitivity of

83.3% and a specificity of 65.9% respectively (P < 0.001), and

the positive (+LR) and negative (−LR) likelihood ratio were

2.446 and 0.253, respectively, which of the AUC value is

better than that of CRP (AUC: 0.761) and Alb (AUC: 0.300).

Based on the ROC curve analysis, the results showed that the
trol groups. Aberrative: POD, postoperative delirium; CAR, C-reactive
phocyte ratio. P < 0.05 was considered statistically significant.

TABLE 2 Correlations of clinical parameters and CAR, NLR and PLR
with laboratory measurements in POD patients.

Variable MADS

Person r P value

Age (years) 0.235 0.001

BMI (kg/m2) 0.019 0.758

ASA (scores) 0.138 0.024

Hemoglobin (g/L) −0.035 0.572

Platelets × 109/L −0.015 0.806

White blood cells × 109/L −0.013 0.828

Lymphocyte × 109/L 0.047 0.442

CRP (mg/L) 0.164 0.007

Alb (g/L) −0.252 0.001

CAR 0.190 0.002

NLR −0.062 0.313

PLR −0.062 0.314

The operation time (min) 0.710 0.001

Aberrative: POD, postoperative delirium; BMI, body mass index; ASA, American

Society of Anesthesiologists; CRP, C-reactive protein; Alb, albumin; CAR, C-

reactive protein to albumin Ratio; NLR, neutrophil-lymphocyte ratio; PLR,

platelet-lymphocyte ratio; min, minutes. P < 0.05 was considered statistically

significant.

frontiersin.org

https://doi.org/10.3389/fsurg.2022.814345
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


TABLE 3 Comparison of the AUC for the three inflammation-based prognostic scores.

Variable AUC (95%CI) Youden’s
Index

Predictive
Cutoff

Sensitivity (%) Specificity (%) PPV (%) NPV (%) P value

CRP (mg/L) 0.761 (0.688–
0.833)

0.336 9.29 50% 84.6% 40.5% 90.2% 0.001

Alb (mg/L) 0.300 (0.193–
0.407)

0.399 40.75 35.7% 24.3% 8.1% 67.0% 0.001

CAR 0.782 (0.712–
0.851)

0.493 0.117 83.3% 65.9% 31.2% 95.5% 0.001

Aberrative: POD, postoperative delirium; CRP, C-reactive protein; Alb, albumin; CAR, C-reactive protein to albumin Ratio; PPV, positive predictive value; NPV, negative

predictive value. P < 0.05 was considered statistically significant.

FIGURE 3

The ROC curves of CAR, CRP and Alb. Aberrative: ROC, receiver
operating characteristic; CRP, C-reactive protein; Alb, albumin;
CAR, C-reactive protein to albumin Ratio.

TABLE 4 Logistic regression analysis for POD patients (unadjusted).

Risk factor OR (95% CI) P value

Age (years) 1.116 (1.053–1.183) <0.001

Female /Male 0.913 (0.454–1.832) 0.797

BMI (kg/m2) 1.021 (0.923–1.130) 0.682

ASA (scores) 2.559 (1.395–4.694) 0.002

Preoperative comorbidities

Diabetes mellitus 3.773 (1.731–8.223) 0.001

Hypertension 3.132 (1.391–7.053) 0.006

Coronary artery disease 2.524 (0.910–6.996) 0.075

Peripheral vascular disease 1.774 (0.612–5.136) 0.291

Central nervous system disease 1.883 (0.357–9.408) 0.468

Hemoglobin (g/L) 0.996 (0.977–1.014) 0.654

Platelets × 109/L 1.000 (0.994–1.006) 0.989

White blood cells × 109/L 0.963 (0.795–1.166) 0.697

Lymphocyte × 109/L 1.254 (0.690–2.280) 0.458

CRP (mg/L) 1.020 (1.005–1.034) 0.008

Alb (g/L) 0.848 (0.789–0.911) <0.001

CAR 2.594 (1.336–5.035) 0.005

NLR 0.900 (0.733–1.105) 0.314

PLR 0.998 (0.993–1.003) 0.408

The operation time (min) 1.721 (1.404–2.110) <0.001

Aberrative: POD, postoperative delirium; OR, Odds ratio; CI, Confidence

interval; CRP, C-reactive protein; Alb, albumin; CAR, C-reactive protein to

Zhang et al. 10.3389/fsurg.2022.814345
CAR has a moderate prediction effect on the occurrence of

postoperative insanity after TKA over 60 years.

albumin Ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte

ratio; min, minutes. P < 0.05 was considered statistically significant.
Logistic regression analysis of factors
independently associated with POD

In addition, we performed logistic regression analysis to

reveal the association of age, ASA scores, CRP, Alb, CAR,

hemoglobin, platelets and white blood cells, lymphocyte, NLR

and PLR in POD. Results showed that age, diabetes mellitus,

hypertension, ASA scores, CRP, Alb, CAR and the operation

time was an independent predictor for patients with POD

(Table 4). After adjustment, the central nervous system

disease and the operation time was an independent predictor

for patients with POD (Table 5).
Frontiers in Surgery 05
Discussion

The present study was designed to assess the correlations of

CRP, Alb and CAR in patients with POD. Our results showed

that CRP and CAR were higher in POD patients than those

in patients without POD. In addition, we identified a

significantly decreased Alb in POD patients. Moreover, the

MADS score used to assess POD activity showed a strong

correlation with CAR. Therefore, we demonstrated that CAR

may be significant predictors for disease activity in POD

patients. The results also showed that age, ASA scores and the
frontiersin.org
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TABLE 5 Logistic regression analysis for POD patients (adjusted).

Risk factor OR (95% CI) P value

Age (years) 1.322 (0.962–1.818) 0.085

Female/male 6.164 (0.249–152.841) 0.267

BMI (kg/m2) 1.973 (0.996–3.909) 0.051

ASA (scores) 3.286 (0.486–22.224) 0.223

Preoperative comorbidities

Diabetes mellitus 7.629 (0.149–13.125) 0.312

Hypertension 32.862 (0.358–313.601) 0.130

Coronary artery disease 0.008 (0.000–14.263) 0.206

Peripheral vascular disease 19.901 (0.663–58.988) 0.069

Central nervous system disease 5.294 (1.601–9.850) 0.038

Hemoglobin (g/L) 0.927 (0.845–1.016) 0.105

Platelets × 109/L 0.980 (0.933–1.030) 0.428

White blood cells × 109/L 0.522 (0.103–2.969) 0.489

Lymphocyte × 109/L 1.730 (0.639–4.285) 0.090

CRP (mg/L) 0.424 (0.132–1.365) 0.150

Alb (g/L) 1.196 (0.792–1.806) 0.395

CAR 1.955 (0.000–1.255) 0.143

NLR 2.194 (0.160–3.136) 0.557

PLR 1.005 (0.995–1.057) 0.856

The operation time (min) 3.105 (1.544–6.247) 0.001

Aberrative: POD, postoperative delirium; OR, Odds ratio; CI, Confidence

interval; CRP, C-reactive protein; Alb, albumin; CAR, C-reactive protein to

albumin Ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte

ratio; min, minutes. P < 0.05 was considered statistically significant.

Zhang et al. 10.3389/fsurg.2022.814345
operation time was an independent predictor for patients with

POD.

There is growing evidence has indicated that POD and

inflammation are linked. However, the specific mechanism

between POD and inflammatory response is still unclear,

and the possible reasons are as follows: (1) the dysregulation

of cytokines, including free radicals, complement factors,

glutamate, and nitric oxide, caused by the activation of a

systemic inflammatory cascade, is believed to be a key cause

of neurodegeneration and subsequent cognitive impairment,

which in turn impair cognitive ability (24). (2) the

activation of the inflammatory cascade alters peripheral and

central cytokines, leading to degenerative inflammatory

processes in the central nervous system that clinically

manifest as cognitive impairment when the cognitive reserve

is destroyed (25).

Among the various markers of inflammation, CRP is a

reactant in the acute phase and is often used as a monitoring

biomarker for inflammatory response (26). Previous studies

have shown that delirium and sepsis in patients after hip

surgery are also associated with elevated CRP levels (27). Alb

is a commonly used parameter to evaluate the nutritional

status of surgical patients. Studies have shown that
Frontiers in Surgery 06
hypoalbuminemia is significantly associated with an increased

risk of postoperative complications, including POD (28).

However, the predictive effect of CAR on POD has rarely

been reported. Therefore, we evaluated the value of the CAR

as a valid predictor of POD after TKA in patients with old

than 60 years. Currently, there are few reports on the

relationship between CAR and POD. Most studies have

focused on the relationship between CRP and POD (29, 30).

At the same time, several clinical studies have investigated the

relationship between CRP and POD in elderly patients (30),

and they found that CRP levels were highly correlated with

the onset of delirium. Macdonald et al. (31) even suggested

that CRP could predict the occurrence and recovery of

delirium. The results of this study are consistent with previous

studies, our study further found that patients with high CAR

had a higher risk of POD after surgery. In addition, we used

multiple regression analysis after adjusting for confounders to

clearly show that CAR and ASA scores are independent risk

factors for postoperative delirium

Previous studies have shown that postoperative adverse

outcomes are closely related to systemic inflammatory

responses following surgical stress, characterized by increased

CRP and decreased Alb level (27, 32). The CAR, a

combination of two circulating acute phase proteins, is an

inflammation-based prognostic factor that can be used as a

prognostic factor in postoperative patients (33). According to

a recent report, the CAR can help predict the risk of

postoperative death in elderly patients with hip fracture (34),

and the combination of CRP and Alb with POD was more

likely to reflect preexisting inflammatory stress than CRP or

Alb alone. There is compelling evidence that the release of

proinflammatory cytokines into the peripheral and central

nervous system plays a crucial role in the pathogenesis of

POD (7–9). Therefore, the pathogenic role of systemic

inflammation in POD may be a possible explanation for the

predictive effect of CAR on POD in this study. In our study,

it was also found that the AUC value of CRP/Alb in the

diagnosis of POD was 0.782, accompanied by a good 83.3%

sensitivity. The value of CRP/Alb in the diagnosis of POD

after surgery was significantly higher than that of CRP and

Alb, providing an effective predictor for clinical prediction of

postoperative delirium.

Due to the complex causes of delirium, there is no

consensus on the risk factors of postoperative delirium in

elderly patients with total knee arthroplasty, and there is no

effective predictive method to assess the risk of delirium. In

this study, the preoperative clinical data, blood routine and

biochemical indexes of 268 patients over 60 years old

undergoing TKA were compared, and it was found that there

were statistical differences in CRP, Alb, CAR between the

delirium group and the without delirium. We further

introduced the multivariate binary regression analysis, and
frontiersin.org
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found that age, ASA scores and the operation time were also the

risk factors for perioperative delirium in TKA patients older

than 60 years, which indicated that perioperative delirium was

the result of the joint influence of multiple factors.

CRP/Alb as a predictor of perioperative delirium in elderly

patients with TKA has certain rationality and feasibility. First,

the index is consistent with the inflammatory theory of

delirium (7). With the increase of age, the compensatory

function of the body in elderly patients decreases

significantly. TKA is mostly found in elderly patients older

than 60 years old, and since the trauma, surgery and

secondary infection, and inflammatory response will occur,

but the nutritional status will decline. In this study, the mean

CRP of patients in the delirium group was 20.33 mg/L, which

was about 2 times higher than the normal range. The mean

albumin was 39.16 g/L, lower than the normal range.

Previous studies have shown that the release of inflammation

will result in increased dopamine, activation of endothelial

tissue and subsequent destruction of blood-brain barrier,

nervous system ischemia and eventually delirium. Second, the

results are clinically feasible. CRP is a nonspecific indicator

of acute inflammation in the body and represents the state of

the immune system (27). The serum Alb level, as an

evaluation index of protein and energy consumption,

represents the body’s systemic nutritional status (28). At

present, the detection methods of CRP and Alb are mature

and have good uniformity and standardization. CRP/Alb, as

the ratio of the two, is simple and easy to calculate, and has

been widely used as a clinical reference to evaluate the

prognosis of various surgical systems.

More importantly, it is important to note that the care plan

is rich in non-pharmacological measures for delirium

management, and studies have shown that the use of non-

pharmacological treatment with polygenic strategies can

reduce the incidence of delirium in patients (35), thereby

reducing the cost to the health care establishment. Therefore,

by predicting the incidence of delirium preoperatively, making

a good nursing plan, strengthening perioperative nursing

management as early as possible, realizing early treatment of

delirium, ultimately reducing medical costs and improving the

purpose of rapid recovery of patients (36).

This study still has some limitations. First of all, this study

was a retrospective, single-center study with limited cases

included, and there was a certain degree of selective bias.

Secondly, the factors affecting POD and MADS are diverse,

and there are other factors besides inflammation, such as age,

ASA scores, and operation of surgery, but the remaining

confounders may affect POD, but how these confounders

affect POD remains unclear and requires further investigation

in the future. In addition, this study did not consider the

change of delirium in the pathogenesis of intracranial factor,

such as serotonin, and acetylcholine, jointly determine the

risk and prognosis of delirium. Third, given the insufficient
Frontiers in Surgery 07
sample size, further internal and external validation is needed

in the future for the validity of CAR to determine the

feasibility of POD.
Conclusion

To sum up, we have demonstrated that the CAR is an

independent risk factor for and predicts postoperative

delirium in patients older than 60 years of age undergoing

TKA, which provides potential recommendations for early

intervention in delirium care.
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