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Background: Post-operative delirium (POD) is a common complication, especially in elderly patients who underwent vascular
surgery procedures. The aim of this study was to evaluate the relation of inflammatory biochemical markers as neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and systemic inflammation index (SII) with POD occurrence.
Methods: This was a single-center, retrospective, observational study. We analyzed the perioperative data of patients who had
undergone elective vascular surgery procedures. The occurrence of delirium after procedure was used to divide the population in two
groups: POD-pos and POD-neg group. ROC curves were performed to find the appropriate cut-off values of NLR, PLR and SII.
Multivariate analysis was used to identify the independent predictors for POD.

Results: A total of 646 patients were enrolled. Mean age was 76.2+9.8 years, 68.4% were male. Seventy-three patients (11.3%)
developed POD. Mean hospital stay was significantly increased in the POD-pos group (6.1+5.4 vs 3.2+2.8 days, p=0.0001). In-hospital
reinterventions were more frequent in the POD-pos group (8.2% vs 3.8%). Blood values analysis reported significant differences: Hb,
NLR, PLR, SII, creatinine and RCP were strongly increased (p<0.05) in the POD-pos group. ROC curves identified cut-off values for
NLR>3.57, PLR>139.2 and SII>676.4. Multivariate analysis revealed that age, Renal Failure, peripheral revascularization procedures,
major amputation, general anesthesia, hospitalization in the previous month, NLR>3.57 and SII>676.4 were independent risk factors
for POD.

Conclusion: POD represents a common complication of vascular surgery patients. Our study demonstrated that NLR, PLR and SII
are reliable and readily available laboratory predictors of POD in vascular surgery that could help in POD risk-stratification.
Keywords: delirium, vascular disease, risk assessment, vascular surgery, elderly

Introduction

Delirium is an extensive and serious problem, and it is incontestably a marker for vulnerability, and is associated with
adverse outcomes in a number of different settings as surgical, medical, intensive care and care-homes.' > Fundamentally,
the syndrome represents a decompensation of cerebral function in response to one or more pathophysiological stressors.”
Specifically, post-operative delirium (POD) is considered to be a geriatric syndrome caused by a complex interrelationship
between predisposing and precipitating factors that occurred during the perioperative period. POD often starts in the
recovery room and occurs up to 5 days after surgery. Usually, the onset is around the first 24-hours post-operatively and
resolves in most patients within 48 hours. Very early onset of POD in the immediate post-anaesthesia period before or on
arrival at the recovery room is referred to as emergence delirium.>® Different kinds of surgical procedures are related to
variables’ rates of POD. Overall, the incidence of POD is estimated to be nearly 10% in patients following major elective
non-cardiac surgery. Patients undergoing cardiovascular, major abdominal and orthopedic surgery are most prone to develop
symptoms of POD.”® An interesting metanalysis by Raats et al revealed that the highest delirium incidence was observed
after open aortic surgery as well as after surgery for critical limb ischemia.’
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Those patients usually present with the hyperactive form of delirium, commonly characterized by restlessness,
agitation, hallucinations, and delusions. In contrast, the hypoactive delirium, characterized by reduced movements,
paucity of speech, and unresponsiveness, can be misdiagnosed as depression, anxiety, or even as a calm and comfortable
patient when proper screening is not performed.

It is increasingly evident that delirium is associated with poor outcome and increased health care costs and its timely
diagnosis is crucial to prevent patients from developing severe long-lasting complications. Due to its impact on patients’
hospitalization is recommended to screen for POD in all patients undergoing surgery starting in the recovery room and in
each shift up to post-operative day 5. In addition, it’s recommended using a validated delirium score for POD screening. '

The pathophysiology of delirium remains uncertain due to a cumulative and additional effect of multiple intertwined
variables.!" An increasing number of data supports the hypothesis of the prominent role of the systemic inflammation and/or
neuroinflammation in which the immune response to a physical stress or an acute damage could result in delirium. Many
inflammatory markers have been explored and linked to cognitive dysfunction such as C-reactive protein and neutrophil-to-
lymphocyte ratio (NLR). NLR and other surrogates, such as platelet-to-lymphocyte ratio (PLR), have been also advocated as
potential important markers of poor outcomes in surgical patients who underwent interventional procedures, also in the
cardiovascular field.'*'* Literature have been proven that these markers are related to POD occurrence in cardiac surgery'”
and after acute ischemic stroke.'® A novel marker, called Systemic Inflammatory Index (SII) is becoming a reliable tool on
establishing the baseline inflammatory status of patients. Firstly proposed in the oncology field,'”*'® SII has also been linked to
cardiovascular disease as coronary disease,'? peripheral artery disease®® and also to psychiatric disease.?! In this perspective, the
aim of the present study was to evaluate the potential predicting role of biochemical inflammatory markers in the occurrence of
POD in patients who underwent elective vascular surgery procedures.

Materials and Methods

Overview

A retrospective observational analysis of all patients who underwent elective vascular surgery procedures at the
University of Siena was performed. The main outcome of the study was the incidence of post-operative delirium in
patients undergoing a vascular surgery procedure.

All patients who underwent a vascular surgery procedure in an elective setting between January 2018 and December 2019
were included in the study. Day-surgery procedures were excluded due to the limited time of in-hospital stay.

Every hospitalization was retrospectively analysed in terms of anamnestic features, preoperative blood sample
(hemoglobin, white blood count, neutrophil and lymphocyte subpopulation, platelets, creatinine and C-reactive protein),
type of procedures performed and Intensive Care Unit Stay.

Coronary artery disease, hypertension, diabetes mellitus, chronic obstructive pulmonary disease, renal disease
(chronic renal insufficiency defined by serum creatinine >1.2 mg/dL), hemodialysis, smoking history (any current or
past regular use of tobacco), congestive heart failure, history of cerebrovascular events (stroke and/or transient ischemic
attacks), history of cancer (any current or past incidence if malignancy), dyslipidemia, atrial fibrillation and psychiatric
disease were considered as comorbidities.

In details, biochemicals inflammatory markers were furthermore analysed calculating the preoperative NLR, PLR and
SII. NLR and PLR were obtained dividing the absolute neutrophil and platelet counts by the lymphocyte count while SII
was calculated by the following formula: (Neutrophil count x Platelet count)/Lymphocyte count.

The onset of post-operative delirium and its management was detected, reviewing hospitalization charts. Post-
operative delirium was defined as an acute confusional state, which can also be a part of fluctuating neuropsychiatric
clinical syndrome and clinically manifesting as a disturbed state of consciousness, cognitive dysfunction or alteration in
perception and behavior. The occurrence of POD is registered during hospitalization using a dedicated form related to the
Confusion Assessment Method (CAM).*? Delirium occurrence related to acute conditions with direct impact on cognitive
status (ie acute bleeding, sepsis, metabolic acute alterations etc) were excluded from the analysis. Delirium management
and related consecutive events were registered. In-hospital reinterventions, deaths and major cardiovascular events
(MACE’s) were evaluated as secondary outcomes.
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The institutional review board of University of Siena endorsed the study protocol. The ethical committee of the
hospital was informed of the no-experimental design of the retrospective investigation and endorsed the study. Informed
consent waiver was approved by the ethical committee due to its retrospective design based on patient records. We

performed the study in accordance with the Declaration of Helsinki.

Analysis Path
Total population descriptive study was performed.

Two sub-population groups were identified: POD-pos group (post-operative delirium positive) and POD-neg group
(post-operative delirium negative) respectively composed by patients who experienced POD and by patients who did not.

We used proportions to present categorical variables and Chi-square test for comparison between the groups.
Continuous variables are presented as means with standard deviation. Student’s s-test was used to compare normally
distributed variables. Mann—Whitney U tests were used to compare nonnormally distributed variables. Receiver operating
characteristic (ROC) curves were performed to calculate the most appropriate cut-off values of NLR, PLR and SII. The
obtained values were used and included in the subsequent stepwise multivariate analysis.

Data sets were analyzed using univariable methods with the aim of determining the risk factors correlated to the
incidence of POD. The variables included in this part of statistical analysis were anamnestic features, pre-operative blood
sample, NLR, PLR, SII, type of intervention and procedural characteristics.

Multivariate logistic regression analysis was performed to identify determinants independently associated with POD.
Variables associated with POD in the univariable analyses with a p-value <0.10 were included in the multivariate analysis
in a forward-stepwise manner. Independent predictor variables that contributed to the final multivariate model were
considered as significant risk factors for POD occurrence if they achieved a two-sided p < 0.05.

All statistical analyses were performed with GraphPad Prism 9.0 (GraphPad Software Inc., San Diego, CA, USA) and
StatPlus Build 7.1.1 (AnalysisSoft Inc., Walnut, CA, USA).

Results

Descriptive Analysis
A total of 646 patients were enrolled in this retrospective analysis. Mean age was 76.2+9.8 years and 442 (68.4%) were
male. Full baseline population characteristics are listed in Table 1.

Details of all procedures included in the study are highlighted in Table 2.

Seventy-three patients (11.3%) developed POD during hospitalization. Fifty had hyperactive POD that necessitated
dedicated drugs administration, of them 17 also needed physical contention.

Descriptive analysis between the two study groups revealed that patients included in the POD-pos group were likely
older, had a history of cardiac disease (heart failure and coronary artery disease), chronic renal failure and dialysis and
had a pre-existing psychiatric disease. In addition, they were more likely to have a previous hospitalization within
1 month. In terms of drugs assumption, the POD-pos group was more likely to assume anticoagulant and antipsychotic
drugs. In terms of vascular procedure performed, POD occurred more frequently in patients who underwent aortic open
repair, endovascular revascularization procedures for chronic-limb-threatening-ischemia, and major amputation.

In addition, also patients who underwent general anesthesia were more prone to experience POD.

POD-Related Outcomes
Mean hospital stay was significantly increased (p=0.0001) in the POD-pos group (6.14+5.4 days), with respect to the
POD-neg group (3.2+2.8 days).

The average duration of vascular intervention was increased in the POD-pos group even if with no statistical significance
(p=0.29). In-hospital death and in-hospital MACE were not increased in the POD-pos group, while in-hospital reinterventions
were more frequently performed in the POD-pos group with respect to the POD-neg group (8.2% vs 3.8%, p=0.11). Full data
regarding perioperative outcomes are listed in Table 3.
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Table | Baseline Characteristics of Study Population

Variables Total Population POD-Pos Group POD-Neg Group p value
N=646 N=73 N=573
Age 76.2+9.8 81.9+7.2 75.4+9.8 <0.01
Male 442 (68.4%) 51 (69.9%) 391 (68.2%) 0.89
Hypertension 540 (83.6%) 64 (87.7%) 476 (83.1%) 0.43
CAD 184 (28.4%) 31 (42.5%) 153 (26.7%) <0.01
Heart failure 71 (11%) 16 (21.9%) 55 (9.6%) <0.01
Atrial fibrillation 92 (14.2%) 13 (17.8%) 51 (13.8%) 0.04
History of cerebrovascular disease 11 (17.2%) 18 (24.6%) 93 (16.2%) 0.09
Dyslipidaemia 408 (63.2%) 38 (52.1%) 370 (64.6%) <0.05
Smoke (active or past) 378 (58.5%) 36 (49.3%) 342 (52.9%) 0.15
Diabetes Mellitus 230 (35.6%) 29 (39.7%) 201 (35.1%) 0.43
COPD 124 (19.2%) 18 (24.7%) 106 (18.5%) 0.27
Chronic renal disease (non-dialysis) 179 (27.7%) 34 (46.6%) 145 (25.3%) <0.01
Dialysis 12 (1.8%) 4 (5.5%) 8 (1.39%) <0.05
Malignancies 128 (19.8%) 17 (23.3%) 111 (19.3%) 0.43
Psychiatric disease 71 (11%) 16 (21.9%) 55 (9.6%) <0.01
Liver disease 17 (2.6%) 3 (4.1%) 14 (2.45) 0.42
Drugs
Antiplatelet 396 (61.3%) 36 (49.3%) 360 (62.8%) 0.03
Dual antiplatelet 83 (12.8%) 10 (13.7%) 73 (12.7%) 0.85
Statin 372 (57.6%) 39 (53.4%) 333 (58.1%) 0.45
Anticoagulant 136 (21.1%) 24 (32.9%) 112 (19.5%) 0.01
Antipsychotic 89 (13.8%) 21 (28.8%) 68 (11.8%) <0.01
Other Hospitalization within | month 58 (9%) 16 (21.9%) 42 (7.3%) <0.01
Pre-operative exams
Hb (g/dl) 12.9+2.3 11.5£2.9 13.1£2.1 <0.01
WBC 8.25+3.1 9.56+3.88 8.1+2.96 <0.01
Neutrophil 5.6+2.7 7.1£3.67 5.4+2.5 <0.01
Lymphocyte 1.77£0.85 1.5240.72 1.84£0.86 <0.01
Platelets 240.6+87.5 251.9+101.5 239.2+85.5 0.24
NLR 4.03+3.7 5.99+5.2 3.77+32 <0.01
PLR 163.17£110.6 199.4£149.6 158.5£103.8 <0.01
NI 1018.73+£456.5 1674.9£1067.7 945.6+745.3 <0.01
Creatinine (mg/dl) 1.24+0.5 1.46+0.7 1.21£0.9 0.02
C-reactive protein 0.91£2.2 2.42%1.2 0.77+£2.74 <0.01

Note: Bold text indicates p value <0.05.

Abbreviations: CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; Hb, hemoglobin; WBC, white blood cell; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SlI, Systemic Inflammatory Index.

Inflammatory Biomarkers Analysis
Blood values analysis reported significant differences. Hb (11.5£2.9 vs 13.14+2.1, p=0.0001), WBC (9.56+3.88 vs 8.1
+2.96, p=0.0001), neutrophil subpopulation (7.143.67 vs 5.4+2.5, p=0.0001), lymphocyte subpopulation (1.52+0.72 vs
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Table 2 Procedural Characteristics and In-Hospital Outcomes

Variables Total Population N=646 POD-Pos Group POD-Neg Group p value
N=73 N=573
Carotid Artery Revascularization
CAS 100 (15.5%) 8 (10.9%) 92 (16.1%) 0.32
CEA 50 (7.7%) 2 (2.7%) 48 (8.4%) 0.14
AAA Repair
Open 14 (2.2%) 5 (6.8%) 9 (1.6%) 0.01
EVAR 109 (16.8%) 7 (9.6%) 102 (17.8%) 0.09
PAD Revascularization Procedure
Endovascular 255 (39.5%) 39 (53.4%) 216 (37.2%) 0.01
Open surgery 40 (6.2%) 7 (9.6%) 33 (5.8%) 0.19
Hybrid 34 (5.3%) 5 (6.8%) 29 (5.1%) 0.73
Major amputation 44 (6.8%) 13 (17.8%) 31 (5.4%) <0.05
Anesthesia
Local/loco-regional 602 (93.2%) 57 (78.1%) 545 (95.1%) <0.05
General 44 (6.8%) 16 (21.9%) 28 (4.9%) <0.05

Note: Bold text indicates p value <0.05.

Abbreviations: CAS, carotid artery stenting; CEA, carotid endarterectomy; AAA, abdominal aortic aneurysm; PAD, peripheral artery disease.

Table 3 Secondary Outcomes Between POD-Pos and POD-Neg Groups

Variables Total Population POD-Pos Group POD-Neg Group p value
N=646 N=73 N=573

Mean hospital stay (days) 3.6+3.2 6.1£5.4 3.2+2.8 <0.05
ICU needing 14 (2.2%) 2 (2.7%) 12 (2.1%) 0.66
Mean procedural time (min) 90.7+£56.8 97.7+65 90.2+56 0.29
Use of contrast medium during procedure 521 (80.6%) 53 (72.6%) 468 (81.7%) 0.08
In-hospital reintervention 28 (4.3%) 6 (8.2%) 22 (3.8%) 0.11
In-hospital death 7 (1.1%) 2 (2.7%) 5 (6.8%) 0.18
In-hospital MACE 6 (0.9%) 1 (1.3%) 5 (6.8%) 0.51

Note: Bold text indicates p value <0.05.
Abbreviations: ICU, Intensive Care Unit; MACE, major cardiovascular events.

1.8+0.86, p=0.0079), NLR (5.9945.2 vs 3.77+3.2, p=0.0001), PLR (199.4+149.6 vs 158.5£103.8, p=0.0028), SII (1674.9
+1067.7 vs 945.6£745.3, p=0.0001), Creatinine (1.46+0.7 vs 1.21+0.9, p=0.022) and C-reactive protein (2.42+1.2 vs 0.77
+2.74, p=0.0001) were statistically different between POD-pos and POD-neg groups, respectively (Figure 1).

In details, NLR, PLR and SII were further analyzed. ROC curves were performed to identify cut-off values of
previous markers.

NLR cut-off value was 3.57 (sensitivity 64.38%, specificity 66.84%, area under the curve [AUC] 0.688, CI:0.626—
0.75, p<0.0001)

PLR cut-off value was 139.2 (sensitivity 64.38%, specificity 53.05%, AUC 0.617, CI: 0.549-0.686, p=0.01)

SII cut-off value was 676.4 (sensitivity 68.5%, specificity 55%, AUC 0.667, CI: 0.6-0.733 p<0.0001). (Figure 2)
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Figure | Biochemical markers differences between POD-pos and POD-neg groups. Asterisks indicate high significant difference between the two groups (p=0.0001).
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Figure 2 Receiver operating characteristic curves of the three biochemical markers (NLR, PLR and Sll) evaluated.

Univariable and Multivariable Analysis

All variables were considered for univariable and multivariable analysis. Variables identified as significant from the
univariable analyses were entered in the multivariate logistic regression analysis. Age, CKD, PAD revascularization
procedures (endovascular and surgical), major amputation, general anesthesia and hospitalization in the previous month
were independent risk factors for POD incidence. Regarding biochemical inflammatory markers NLR>3.57 (1.76 CI
[1.23-2.61]) and SII>676.4 (1.67 [1.57-3.12]) were found to be independent risk factors for POD incidence. In addition,
Hb level<7 g/dl emerged to be a risk factor of POD. Full list of multivariate analysis outcomes is reported in Table 4.

Discussion

In our study, we investigated incidence and perioperative risk factors of POD after elective vascular surgery procedures
with the aim of determine whether pre-operative systemic inflammatory markers as NLR, PLR and SII would predict the
occurrence of POD. ROC curves highlighted that NLR > 3.57, PLR > 139.2 and SII > 676.4 were interesting markers for
predicting POD. We also identified risk factors associated with POD and multivariable analysis revealed that age, CKD,
PAD revascularization procedures (endovascular and surgical), major amputation, general anesthesia and hospitalization
in the previous month were independent risk factors for POD incidence. Also, NLR > 3.57 and SII > 676.4 were found to
be independent risk factors for POD occurrence. Delirium is common complication following elective and urgent/
emergent surgery, especially in elderly patients. Although its limited temporary extension, POD represents a delicate
issue in term of patients’ discomfort, increased risk of remaining in the hospital, in-hospital complications, accidental
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Table 4 Results from Multivariate Analysis: Effect of Various Variables Extrapolated from
Univariate Analysis on POD Incidence

Variables Hazard Ratio (95% CI) p value
Age 1.81 (1.73-2.92) 0.03
CKD 232 (1.73-3.22) 0.04
History of psychiatric disease 1.94 (1.56-3.62) 0.04
Hospitalization in the previous month 1.75 (1.45-2.47) 0.03
PAD revascularization procedure 1.43 (1.27-2.78) 0.04
Major amputation 1.65 (1.45-3.12) 0.03
General anesthesia 1.94 (1.49-3.34) 0.001
NLR > 3.57 1.76 (1.23-2.61) 0.04
Sl > 676.4 1.97 (1.67-3.12) 0.03
Hb <7 2.12 (1.57-3.56) 0.04

Abbreviations: CKD, chronic kidney disease; PAD, peripheral artery disease; NLR, neutrophil-to-lymphocyte
ratio; Sll, Systemic Inflammation Index; Hb, hemoglobin.

fallen, increased risk of early and long-term mortality and increased risk of physical dependency. From this perspective,
the economic impact should be considered as a major concern. Understanding the mechanism of POD and identifying its
possible predictors could help healthcare professionals to act with the aim of reducing POD’s incidence with all the
beneficial consequences. In this light, a meta-analysis demonstrated that delirium during hospitalization doubles
a patient’s risk of post-discharge institutionalization and death and increases risk of dementia up to 10-fold.
Impressively, these poor outcomes were independent of common confounders like age, sex, and comorbidities.>

Delirium may occur through a variety of potential pathophysiologic mechanism:

One of them is the theory of systemic inflammation, neuroinflammation and neurotransmitters balance.

A direct measurement of brain inflammatory mediators may provide some clarity on the role of neuroinflammation in
POD, but this is ethically and practically difficult.

So, the measurement of blood levels of inflammatory mediators could represent a reliable surrogate. A variety of
markers could be taken in account, but many of them are expensive and are not usual part of routine blood exams as IL-6,
IL-10, IL-1B.24’25 Indirect inflammatory markers could be obtained from routine blood examinations, such as NLR, PLR
and SII. In recent years, they were profusely studied and interrelated with many pathological conditions.

A few papers have investigated possible connections between blood-sample inflammation markers and POD.
Kinoshita et al, in their recent work, outlined the predictive role of NLR in POD occurrence in patients who underwent
head and neck free-flap reconstruction surgery.”® A higher value of NLR (NLR > 3) was independently associated with
POD. Again, He et al proved that in 780 elderly patients with total hip arthroplasty for hip fracture, NLR correlated with
higher incidence of POD, confirmed also by multivariate analysis.>’ Jiang et al evaluated the influence of PLR with the
occurrence of delirium in critically ill patients admitted to Intensive Care Unit, confirming its predicting role as
independent risk factor.”®

Regarding cardiovascular disease, Koftis et al evaluated the potential interest of NLR, PLR and white blood cell count
on the occurrence of POD after cardiac surgery. Platelet-to-WBC ratio was the most appropriate marker with the
strongest correlation with POD.'*> The same team identified that NLR > 4.86 could be a potential predictive marker
for POD occurrence in patients with ischemic stroke.'*

Up to now literature lacks evidence regarding the relation between SII and POD, SII remains an important index of

: : : 29,30
poor outcomes in oncological patients.””
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Our paper confirmed the interesting role of NLR, PLR and SII on the occurrence of POD. The outlined cut-off values
are in line with similar reports that investigated inflammatory markers in other surgical fields. NLR > 3 and NLR > 3.5
was considered an independent risk factor for POD after head and neck free-flap reconstruction and arthroplasty for hip

fracture, respectively,?®?’

while PLR and SII were not consistently studied in order to identify a single value for
discrimination.

The population study consisted majorly in elderly patients with a high complexity baseline characteristics. Numerous
comorbidities were present, leading to define a typical patient archetype prone to in-hospital complications. POD is one
of them, and as confirmed by our analysis, an elderly patient with pre-existing cardiac, renal and psychiatric disease has
a higher risk to develop POD after vascular surgery. In addition, our report, highlighted that patients who underwent PAD
endovascular revascularization procedures or major amputation have higher rates of POD occurrence. This could be
explained by the patients’ poor clinical status especially in case of the necessity of a major amputation. A recent paper by
Gutierrez et al*' found that 26% of the cases undergoing infrainguinal lower extremity bypass developed post-operative
delirium, a very high rate with respect to the average of other kinds of procedure. Obviously, patients with chronic-limb-
threatening ischemia have been already associated to high clinical and subclinical inflammation subset. Our study also
confirmed that this condition represents an independent risk factor for POD development. Previous papers explored this
topic proposing a similar scenario of POD-pos vascular surgical patients.*”

Limitations

The paper has many limitations. First, the population examined is quite heterogeneous in terms of procedures performed
(aortic surgery, carotid surgery, peripheral arterial surgery). This could be confounding, but the aim of our paper was to
investigate POD occurrence during vascular surgery daily practice. Second, the retrospective nature of the study. Third,
we are aware that POD is sometimes difficult to identify and consecutively some events could be missing. Fourth, our
study was centered on evaluating the relation between inflammatory markers and POD. We are aware that several
variables could have an impact on POD and some of them were not considered. In this light, our proposal was to
overcome this limitation by increasing the numerosity of the study population and adding other variables of interest to
create a more precise prediction model for POD occurrence.

Conclusion

POD represents a common complication in post-surgery patients, especially in elderly, fragile patients. In vascular
surgery, this is the most common phenotype of patients for whom POD could lead to serious complications. Our study
demonstrated that simple and readily available inflammatory markers as NLR, PLR and SII could be used as
adjunctive novel tools in stratifying pre-operative patients’ risk for POD occurrence. Further studies are essential to
define and validate more accurate cut-off values. The inclusion of these markers in more comprehensive risk-
assessment score for POD occurrence could be an interesting use that could imply pre-emptive actions to reduce
POD and its complications.

Abbreviations

POD, post-operative delirium; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII, Systemic
Inflammatory Index; MACE, major cardiovascular events; POD-pos group, post-operative delirium positive; POD-neg
group, post-operative delirium negative; ROC, receiver operator characteristics.
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