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Purpose: The aim of this study was to investigate whether white-cell derived biomarkers could serve as potential markers in
prediction of postoperative delirium (POD) after lower limb fracture.

Patients and Methods: Elderly patients with surgery for lower limb fracture under non-general anaesthesia were included.
Neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and platelet-to-white cell ratio (PWR), which were most
recently measured preceding surgery and measured within 24h after surgery, were calculated. Delirium was measured with Confusion
Assessment Method (CAM) once daily from preoperative day 1 to postoperative day 3 or hospital discharge.

Results: The incidence of POD was 32.6% (60/184). Between patients with and those without POD, there were significant differences
in preoperative hematological biomarkers (neutrophil count, lymphocyte count, NLR and PWR) and postoperative hematological
biomarkers (white cell count, neutrophil count, lymphocyte count, NLR, PLR and PWR). More obvious changes before and after
operation for NLR, PLR and C-reactive protein (CRP) were found in patients with POD. Multivariate logistic regression showed that
benzodiazepines (OR, 7.912; 95% CI, 1.884-33.230; p = 0.005), change of CRP (OR, 1.017; 95% CI, 1.007-1.027; p = 0.001) and
postoperative NLR (OR, 1.358; 95% CI, 1.012-1.823; p = 0.041) were associated with POD. When the changes of NLR, PLR and
PWR entered multivariate logistic regression, older age (OR, 1.073; 95% CI, 1.001-1.149; p = 0.046), benzodiazepines (OR, 6.811;
95% CI, 1.652-28.081; p = 0.008), greater change of CRP (OR, 1.015; 95% CI, 1.006-1.023; p = 0.001) and greater change of NLR
(OR, 1.266; 95% CI, 1.035-1.549; p = 0.022) were associated with increased risk of POD. Postoperative NLR had high accuracy to
predict POD with area under curve (AUC) of 0.790 (95% CI 0.708 to 0.872).

Conclusion: Age, benzodiazepines, postoperative NLR, change of NLR and change of CRP were independent predictable markers
for POD in elderly patients undergoing surgery for lower limb fracture under non-general anaesthesia. Early postoperative NLR may
help to recognize POD as soon as possible.
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Introduction

Postoperative delirium (POD) is a common complication after major surgery, especially in elderly patients and can cause
significant short- or long-term adverse outcomes." There is a growing body of evidence suggesting that inflammation and
oxidative stress may play critical roles in the pathophysiology of POD.” Several inflammatory markers in serum or
cerebrospinal fluid have been found to be associated with POD.? However, it is expensive and time-consuming to conduct
testing for these markers such as IL-6, IL-8, S-100p, which limits their clinical application. Markers of inflammation derived
from white cell count, namely neutrophil-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and platelet-to-white
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cell ratio (PWR) are readily to obtain without additional financial burden. Some studies have shown their potential prognostic
value in prediction of delirium after head and neck free-flap reconstruction, total hip arthroplasty, abdominal surgery,
esophagectomy, carotid endarterectomy and cardiac Surgery.*”’

The incidence of POD in elderly patients undergoing operation of lower limb fracture is high.>'® Although the effect
of anaesthesia method on POD is controversial, general anesthesia is not the first choice for these patients in clinical
practice due to high requirement for cardiopulmonary function, unstable haemodynamics, and complicated anaesthetic
management.'®'? It is noteworthy that previous studies payed more attention to the relationship between markers of
inflammation derived from the white cell count and POD after general anaesthesia.’ In this study, patients who accepted
surgery for lower limb fracture under non-general anaesthesia were chosen. We performed this prospective observational
study to investigate whether the panel of white-cell derived biomarkers before and after the operation could serve as
potential markers in prediction of delirium.

Materials and Methods

Patients

Patients who underwent operation for lower limb fracture at Shandong Provincial Hospital from November 2020 to
August 2021 were eligible for this study. The exclusion criteria were: 1) age<65 years old; 2) general anesthesia; 3)
preoperative delirium; 4) a preoperative Mini-Mental State Examination (MMSE) score lower than 24;'* 5) psychiatric
disease; 6) patients managed in intensive care units after surgery; 7) patient refusal. This study was approved by the
Institutional Review Board (SWYX: NO.2021-010) and conducted in accordance with the Helsinki Declaration.
Informed consent was obtained from all study participants before surgery.

Data Collection

Patients’ details such as age, gender, body mass index, degree of education and comorbidity were obtained by
preoperative visit. Severity of comorbidities was calculated using the age adjusted Charlson Comorbidity Index
(ACCI)."* Laboratory data, including hematocrit, white cell count, neutrophil count, lymphocyte count, platelet, and
C-reactive protein (CRP) level, most recently measured preceding surgery and measured within 24h after surgery were
collected. Surgery information, including operative site, operation time, anesthesia method, intraoperative medication,
and hemorrhage volume, were recorded. Application of anti-inflammatory agents within 24h before surgery, during
surgery and within 24h after surgery was also collected. We also collected the application of benzodiazepines and
anticholinergic drugs within 48h before and after surgery. NLR was calculated as the neutrophil count divided by the
lymphocyte count. PLR was calculated as the platelet count divided by the lymphocyte count, and PWR was calculated
as the platelet count divided by the total white cell count.

Outcomes

The primary outcome was the incidence of postoperative delirium. Delirium was measured with the Confusion
Assessment Method (CAM) once daily from preoperative day 1 to postoperative day 3 or hospital discharge.'
Assessment contains four evaluation criteria: acute onset and fluctuating course, inattention, disorganized thinking, and
altered level of consciousness. The CAM algorithm for diagnosis of delirium requires the presence of both the first and
the second criteria and of either the third or the fourth criterion. The CAM is reliable and has been found to be consistent
with the DSM-IV diagnostic criteria for delirium. CAM assessments were supplemented with medical record review, and
family/nursing staff interview. All assessments were completed in the general ward.

Sample Size

When studying the relationship between white-cell derived inflammatory biomarkers and POD, NLR was most frequently
mentioned, so we chose data of preoperative NLR, postoperative NLR, and change of NLR to calculate sample size. Sample
size calculation of this study was based on the preliminary results for the first 100 patients. For elderly patients, incidence of
delirium after surgery for lower limb fracture ever reported in the literature varied from 15% to 70%. During sample size
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calculation, we chose a relatively low incidence of 25%. With the ratio of patients being approximately 1:3, a total of 168, 84,
or 88 patients was needed to have a power of 90% using a two-side proportion test with an alpha level of 0.05 for preoperative
NLR, postoperative NLR, or change of NLR respectively.

Statistical Analysis

Continuous data were expressed as the mean + SD and categorical data were expressed as the count. Student #-test or
non-parametric test was used to compare continuous variables according to the normality test. Chi-squared test or
Fisher’s exact test was used to compare the proportions of the categorical variables. We used tolerance and variance
inflation factor to check for multicollinearity among the variables. Multivariate logistic regression analysis was used to
assess independent predictors. Variables were selected for inclusion in multivariate logistic regression analyses based on
a p value cut-off of 0.1 in univariate analyses. NLRs, PLRs and PWRs were included as explanatory variables regardless
of their P value. Omnibus test of model coefficients was used to verify whether the regression analysis equation was
meaningful. Hosmer and Lemeshow test was used to test the degree of fitting. Receiver operating characteristic (ROC)
curve was used to evaluate the accuracy of POD prediction. Statistical analyses were performed using SPSS Statistics
version 21.0 (IBM Corp., Armonk, NY, USA) and PASS 15.0 (NCSS, LLC. Kaysville, Utah, USA). P value<0.05 was
regarded as statistically significant.

Results

Of 349 patients undergoing operation for lower limb fracture, 184 patients were finally included in this analysis.
Exclusion criteria were outlined in Figure 1. The mean age was 76.15+£7.94 (65-95) years and female accounted for
60.9% of the total. 80 (43.5%) participants had any education beyond primary school. The incidence of POD in our study
was 32.6% (60/184).

349 eligible patients before surgery

Refused (n=9)
—® | Preoperative delirium (n=17)
MMSE < 24 or psychiatric disease (n=55)

v

268 patients included

General anesthesia (n=59)

Unplanned treatment in ICU postoperatively (n=23)

v

186 patients included

.y | Lacking critical data (n=2)

184 patients included

Figure | Study flowchart.
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Patients with POD showed significantly older age, higher percentage of stroke history and more blood loss than those
without POD (Table 1). POD was more prevalent among patients with fracture of femur than other sites (femur vs
tibiofibular, p= 0.030; femur vs others, p=0.001; tibiofibular vs others, p=0.256). Perioperative use of benzodiazepines
was significantly associated with POD. Between patients with and those without POD, there were significant differences
in preoperative hematological biomarkers (neutrophil count, lymphocyte count, NLR and PWR) and postoperative
hematological biomarkers (white cell count, neutrophil count, lymphocyte count, NLR, PLR and PWR) (Table 2).
More obvious changes before and after operation for NLR, PLR and CRP were found in patients with POD (Table 2).

Results of collinearity analyses showed serious collinearity among hematological biomarkers. Details were listed in
Supplementary Tables 1 and 2. NLR, PLR and PWR were calculated using white cell count, neutrophil count,

lymphocyte count and platelet count. Changes of NLR, PLR and PWR were calculated using preoperative and post-
operative values of NLR, PLR and PWR. Considering the clinical practice and the purpose of this study, we eliminated
perioperative values of white cell count, neutrophil count, lymphocyte count and platelet count in multivariate logistic
regression analyses, and then included perioperative values of NLR, PLR and PWR, and their changes in separate
multivariate logistic regression analyses. No obvious collinearity was found among variables in multivariate logistic
regression analyses (Supplementary Table 3). Results from multivariate logistic regression (Model 1 adjusted for age,

incidence of stroke, operation site, operation time, blood loss, benzodiazepines, change of CRP before and after
operation, preoperative NLR, preoperative PLR, preoperative PWR, postoperative NLR, postoperative PLR and post-
operative PWR) showed that benzodiazepines, change of CRP and postoperative NLR were associated with POD
occurrence (Table 3). P value of Hosmer and Lemeshow test was 0.435. When the changes of NLR, PLR and PWR
before and after operation entered multivariate logistic regression (Model 2 adjusted for age, incidence of stroke,
operation site, operation time, blood loss, benzodiazepines, and change of CRP before and after operation), older age,
benzodiazepines, greater change of CRP and greater change of NLR were associated with increased risk of POD
(Table 3). P value of Hosmer and Lemeshow test was 0.392. Omnibus test of model coefficients showed both model 1
and model 2 regression analysis equations were meaningful.

Table 4 showed the ROC analyses for age, the change of CRP, postoperative NLR, the change of NLR, model 1 and
model 2. For a single variable, postoperative NLR had high accuracy to predict POD with Area Under Curve (AUC) of
0.790 (95% CI 0.708 to 0.872), followed closely by the change of NLR with AUC of 0.770 (95% CI 0.684 to 0.856). The
AUCs of model 1 and model 2 were 0.846 (95% CI 0.781-0.911) and 0.849 (95% CI 0.787-0.911), respectively. The
optimal cut-off values of age, the change of CRP, postoperative NLR, the change of NLR, model 1 and model 2 were
found by Youden Index. Corresponding values of sensitivity and specificity were listed in Table 4. Sensitivity and
specificity of benzodiazepines obtained by calculation were 0.217 and 0.952 respectively.

Discussion

Chronic stress induced by trauma, surgery and anaesthesia often nonspecifically activates immune systems character-
ized by an increase in neutrophils count and a decrease in lymphocyte count, along with a decrease in platelet count
in peripheral circulation.'®'® This activation may involve hypercortisolism, disruption of the blood-brain barrier,
microglia activating and release of cerebral cytokines, which may contribute to the pathophysiology of delirium.'®!?
Peripheral inflammatory markers have been found to significantly elevate in patients with delirium.'” Accumulating
studies have proven the concentrations of CRP, IL-6, IL-8 and S-100p in peripheral circulation are indeed correlated
with POD.>?%2! However, their use in clinical practice is precluded by price and the difficulty of the diagnostic
process. White-cell derived inflammatory biomarkers including NLR, PLR as well as PWR are easily available
markers of generalized inflammation reported in different research settings.”* >* Recent studies found that preopera-
tive NLR can be a predictive factor for POD after head and neck free-flap reconstruction, total hip arthroplasty,
esophagectomy, and carotid endarterectomy.*>”*? In this study, both preoperative NLR and postoperative NLR were
higher in patients with POD after lower limb fracture than those in patients without POD. Multivariate analyses
revealed that among the hematological biomarkers examined, postoperative NLR was still associated with the
development of POD. Preoperative NLR was not an independent risk factor for POD in this study. Some of this
can be attributed to the exclusion of patients with preoperative delirium, as some relative studies did not include this
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Table 1 Summary of Patient Characteristics and Perioperative Data, Stratified by Postoperative Delirium Status
Variable Delirium P value
No Yes
Gender Female 80 32 0.145
Male 44 28
Age 74.734+7.792 79.083+7.489 <0.001
Education llliteracy 32 17 0.921
Primary school 38 17
Others 54 26
Height 162.669+7.584 162.73347.655 0.957
Weight 63.488+11.404 63.000+12.420 0.792
BMI 23.902+3.466 23.648+3.686 0.648
Hypertension No 64 32 0.827
Yes 60 28
Diabetes No 89 41 0.631
Yes 35 19
CHD No 99 49 0.770
Yes 25 I
Arrhythmia No 17 54 0.439
Yes 7 6
Stroke No 110 46 0.033
Yes 14 14
Respiration disease No 17 58 0.751
Yes 7 2
Renal insufficiency No 122 58 0.833
Yes 2 2
MMSE score 25.355+1.786 25.000+1.235 0.119
ACCI 0.629+0.860 0.881£1.019 0.103
Operation site Femur 74 52 0.001
Tibiofibular 24 6
Others 26 2
Operation time 1.920+0.834 2.1831.065 0.069
Bleeding 124.758+87.981 162.500£101.675 0.010
Anesthesia method Nerve block 10 | 0.166
Intraspinal anesthesia 114 59
Intraoperative dexmedetomidine No 57 26 0.736
Yes 67 34
Intraoperative propofol No 120 55 0.254
Yes 4 5
Intraoperative opioid No 108 50 0.492
Yes 16 10
Intraoperative anti-inflammatory drug No 93 50 0.376
NSAIDs 19 4
Steroids 10 5
Both 2 |
Preoperative anti-inflammatory drug No 97 50 0.418
NSAIDs 27 10
Steroids 0 0
Both 0 0
Postoperative anti-inflammatory drug No 79 36 0.774
NSAIDs 43 23
Steroids | |
Both | 0
(Continued)
Clinical Interventions in Aging 2022:17 https: 387

Dove:


https://www.dovepress.com
https://www.dovepress.com

Li et al

Dove

Table | (Continued).

Variable Delirium P value
No Yes
Benzodiazepines No 118 47
Yes 6 13 <0.001

Note: Bold indicates P-values less than 0.05.

Abbreviations: BMI, body mass index; CHD, coronary heart disease; MMSE, Mini-Mental State Examination; ACClI, age adjusted Charlson Comorbidity Index.

Table 2 Laboratory Data for Patients with and without Postoperative Delirium

Variable Delirium P value
No Yes

Preoperative value HCT 37.138+5.235 35.737+6.034 0.112
WBC 7.549+2.548 8.261+2.865 0.094
Neu 5.297+2.18I 6.279+2.728 0.010
Lym 1.440+0.563 1.185£0.490 0.002
PLT 235.983+87.194 215.203+88.365 0.137
CRP 26.211£31.912 29.463+25.249 0.503
NLR 4.227+2.377 6.358+4.724 0.002
PLR 181.772+79.362 200.084+113.825 0.277
PWR 33.611+13.863 28.655+13.702 0.025

Postoperative value HCT 30.765+4.846 29.433+5.246 0.131
WBC 8.908+2.884 10.575+3.937 0.005
Neu 7.048+2.510 9.084+3.713 0.001
Lym 0.981+0.376 0.727+0.353 <0.001
PLT 219.338+76.349 218.455+97.219 0.955
CRP 79.234+54.182 85.315+49.835 0.543
NLR 7.836+3.652 15.159+8.307 <0.001
PLR 239.014+82.299 358.989+198.005 <0.001
PWR 26.612+10.314 21.949+9.588 0.009

Change before and after operation NLR 3.016£3.589 8.667+6.905 <0.001
PLR 52.890+78.684 142.183+122.181 <0.001
PWR —5.436%12.61 —7.389+9.984 0.345
CRP 15.123+£53.021 48.794+60.686 <0.001

Note: Bold indicates P-values less than 0.05.
Abbreviations: CRP, c-reactive protein; NLR, neutrophil-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PWR, platelet-to-WBC ratio.

exclusion criteria.*”? In addition, change of NLR (postoperative value— preoperative value) in the POD group was
significantly higher than that in the non-POD group and was positive value, which meant that NLR in patients with
POD increased significantly after surgery. This result may indicate more severe systemic inflammation and neuroin-
flammation caused by surgery and anaesthesia in patients with POD.

Lower preoperative PLR was ever reported to be associated with the development of POD after cardiac surgery and
abdominal surgery,®* while another study reported high PLR values in patients with delirium in the intensive care unit.*>
In our results, although patients with POD had higher postoperative PLR, perioperative PLR showed no statistically
significant difference in multivariate analysis. Both platelet and lymphocyte decrease during nonspecific activation of the
immune system. Influenced by various factors such as the amount of blood loss, infectious or aseptic inflammation, and
so on, their magnitudes of decrease are different. This may be the reason that different studies did not get consistent
results. Besides, previous studies reported lower PWR was an independent risk factor for delirium after acute ischemic
stroke, cardiac surgery, and abdominal surgery.®®%?” Our results also showed patients with POD had lower preoperative
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Table 3 Multivariate Logistic Regression Analysis for Selected Perioperative Parameters Predicting Delirium

Variable OR 95% CI P value

Model | Age 1.066 0.990-1.148 0.092
Stroke 0.712 0.197-2.576 0.605
Operation site 0.353 0.058-2.158 0.260
Operation time 1.100 0.500-2.422 0.813
Bleeding 1.004 0.996-1.011 0.360
Benzodiazepines 7912 1.884-33.230 0.005
Change of CRP 1.017 1.007-1.027 0.001
Preoperative NLR 0.970 0.593-1.588 0.905
Preoperative PLR 0.989 0.973-1.006 0.218
Preoperative PWR 1.022 0.929-1.123 0.658
Postoperative NLR 1.358 1.012-1.823 0.041
Postoperative PLR 1.003 0.991-1.015 0.631
Postoperative PWR 1.028 0.914-1.156 0.644

Omnibus test of model coefficients p<0.001

Hosmer and Lemeshow test p=0.435

Model 2 Age 1.073 1.001-1.149 0.046
Stroke 0.780 0.229-2.649 0.690
Operation site 0.492 0.089-2.726 0.417
Operation time 0.996 0.469-2.118 0.992
Bleeding 1.005 0.997-1.012 0.204
Benzodiazepines 6.811 1.652-28.081 0.008
Change of CRP 1.015 1.006-1.023 0.001
Change of NLR 1.266 1.035-1.549 0.022
Change of PLR 1.004 0.994-1.013 0.425
Change of PWR 1.014 0.952-1.080 0.667

Omnibus test of model coefficients p<0.001

Hosmer and Lemeshow test p=0.392

Note: Bold indicates P-values less than 0.05.
Abbreviations: OR, odds ratio; Cl, confidence interval; CRP, c-reactive protein; NLR, neutrophil-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; PWR, platelet-to-WBC ratio; AUC, area under the curve.

Table 4 Receiver Operating Characteristic Analysis of Associated Factors to Predict Postoperative Delirium

Variable AUC 95% CI P value Cut-Off Value Sensitivity Specificity
Age 0.662 0.580-0.744 <0.001 715 0.850 0.476
Change of CRP 0.682 0.597-0.766 <0.001 7.8 0.712 0.656
Postoperative NLR 0.790 0.708-0.872 <0.001 10.19 0.727 0.797
Change of NLR 0.770 0.684-0.856 <0.001 5.555 0.704 0.763
Model | 0.846 0.781-0.911 <0.001 —6.338 0.850 0.726
Model 2 0.849 0.787-0.911 <0.001 -1.413 0.867 0.742

Note: Bold indicates P-values less than 0.05.
Abbreviations: AUC, area under the curve; Cl, confidence interval; CRP, c-reactive protein; NLR, neutrophil-lymphocyte ratio.

PWR and postoperative PWR, which was consistent with previous studies. No statistical difference in multivariate
analyses may be due to the limitation of sample size.

CRP is a marker of nonspecific acute-phase response in inflammation, infection, and tissue damage.”® Recently,
a meta-analysis summarized the relationship between CRP and POD.? Results showed a high level of CRP, whether
preoperative or postoperative, was a risk factor for the development of POD. However, the current study observed no
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statistically significant difference between patients with or those without POD in respect of preoperative or postoperative
CRP level. It was noteworthy that postoperative CRP value in the delirium group was found to increase significantly
compared to preoperative value, which was consistent with the change of NLR.

In addition, it is commonly recognized that incidence of POD increases with age, as pathophysiological changes
induced by advanced age cause hypersensitivity to stimuli to which they are normally insensitive.>’ Our study also showed
similar results. We also assessed associations between commonly used perioperative medications and POD. The application
of benzodiazepines was found to be an independent risk factor for POD as previous studies sugges‘[ed.3 931 No application of
anticholinergic drugs was found in this study. The probable reason may be that patients under non-general anaesthesia were
chosen. Surgeons had different habits of prescribing for elderly patients may be another reason. Our results did not find
significant associations between perioperative anti-inflammatory drugs and POD. Recent randomized controlled trials
about the effects of glucocorticoids on POD also did not reach a consistent conclusion.>*** More and more studies found
glucocorticoids may increase inflammation of central nervous system.>>*® Several clinical trials revealed NSAIDs may
help decrease the incidence of delirium.?’** However, our study did not confirm this association. Inconsistent standards of
dosage and duration of administration may be important reasons.

Although optimal cut-off value of age had the highest sensitivity of 0.850 and benzodiazepines had the highest
specificity of 0.952, the specificity of age and the sensitivity of benzodiazepines were the lowest among the risk factors
for POD. Postoperative NLR showed high accuracy to predict POD with AUC of 0.790. Optimal cut-off value of
postoperative NLR also had the high specificity of 0.797 and sensitivity of 0.727. We must admit prediction of POD
based only on one perioperative factor was difficult because POD occurrence was multifactorial. The AUC of the
multivariate ROC was greater for model 1 (benzodiazepines + cCRP + postNLR) or model 2 (age + benzodiazepines +
cCRP + cNLR) compared to postoperative NLR alone model.

The impact of anaesthetic technique on the risk of delirium remains controversial. A large retrospective study
showed postoperative delirium for total knee and hip arthroplasty in older adults would occur at a higher rate among
patients who received general anaesthesia, compared with those who underwent their procedures under neuraxial
anaesthesia.'” One randomized controlled study with a small sample size also showed similar result.'"’ But recently,
another large randomized controlled study got conflicting result. The authors reported spinal anesthesia for hip-fracture
surgery in older adults was not superior to general anesthesia with respect to the incidence of POD.'? Previous studies
investigating the association between white-cell derived biomarkers and POD seemed to focus more on patients
receiving general anesthesia, while this was the first study selecting patients who accepted surgery for lower limb
fracture under non-general anaesthesia. On the other hand, the effects of general anesthesia drugs on POD were
eliminating.

Some limitations of this study were worth considering. Firstly, preoperative laboratory data were obtained at different
point of time. Secondly, we did not evaluate the duration of delirium and ignored the difference between hyperactive and
hypoactive delirium. Thirdly, some perioperative factors associated with the development of POD, such as pain control

and sleep disturbance, were not included in our analysis.

Conclusion

In conclusion, our results indicated age, benzodiazepines, postoperative NLR, change of NLR and change of CRP may be
independent predictable markers for POD in elderly patients undergoing surgery for lower limb fracture under non-
general anaesthesia. These results added important evidence to the understanding of a causative relationship between
delirium and perioperative inflammation. Early postoperative NLR may help to recognize POD as soon as possible.
Further larger prospective trials are necessary to validate these findings.
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