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C-reactive Protein to Albumin Ratio as A Novel
Inflammatory Biomarker for Postoperative Delirium
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Abstract

0z

Aim: We aimed to investigate whether C-reactive protein-to-
albumin ratio (CAR) predicts postoperative delirium (POD)
development in patients undergoing transcatheter aortic valve
replacement (TAVR) procedure.

Methods: Data of 78 patients with the mean age of 76.3£8.4
years, who underwent TAVR, were retrospectively analyzed. The
CAR, neurophil-to-lymphocyte ratio and platelet-to-lymphocyte
ratio values were calculated in all patients. Presence of delirium
was determined by using the Richmond Agitation-sedation scale
and the Confusion Assessment Method for the Intensive Care
Unit.

Results: As compared with the nondelirious group, delirious
patients had significantly higher EuroSCORE Il (p=0.03) and TAVR
score (p=0.009) and more frequent major bleeding (p=0.005),
major vascular complications (p=0.018) and acute kidney injury
(AKI) (p=0.002). The main independent predictors of POD were
CAR value (p=0.02), AKI (p=0.02), major bleeding (p=0.005),
and TAVR score (p=0.04). The area under the curve of CAR
for POD development was 0.718 (95% confidence interval:
0.605-0.814; p=0.002) with 82% sensitivity and 56% specificity.
Conclusion: CAR is a promising inflammatory parameter in
predicting POD and may help identify subgroups of individuals
at risk for POD.

Keywords: Transcatheter aortic valve replacement, inflammation,
C-reactive protein, serum albumin, delirium

Amag: Transkateter aort kapak replasmani (TAVR) uygulanan
hastalarda C-reaktif protein albumin oraninin (CAQ) postoperative
deliryum (POD) gelisimini tahmin edip etmedigini arastirmayi
amacladik.

Yontemler: TAVR uygulanan 78 hastanin (yas ortalamasi:
76,3+8,4 yil) verileri retrospektif olarak incelendi. Tim hastalarin
CAO, norofil lenfosit orani ve trombosit/lenfosit orani degerleri
hesaplandi. Deliryum varlidi, Richmond Ajitasyon-Sedasyon skalasi
ve Yogun Bakim Unitesi skalasi icin Konflizyon Degerlendirme
Yoéntemi skalasi kullanilarak degerlendirildi.

Bulgular: Deliryum olmayan grupla karsilastirildiginda, POD
hastalari anlamli derecede daha ylksek Euroscore Il (p=0,03)
ve TAVR skorlarina (p=0,009) sahip idi. POD hastalarinda daha
sik major kanama (p=0,005), major vaskiler komplikasyonlar
(p=0,018) ve akut bobrek hasari (ABH) gelistigi gozlemlendi
(p=0,002). CAO degeri (p=0,02), ABH (p=0,02), major kanama
(p=0,005) ve TAVR skoru (p=0,04) POD gelisiminin bagimsiz
ongordurdleri idi. POD gelisimi icin CAO edrisi altindaki alan %82
duyarlilik ve %56 6zglllik ile 0,718 (%95 guven araligi: 0,605-
0,814; p=0,002) olarak bulundu.

Sonuc: CAQ, POD'yi tahmin etmede umut verici bir enflamatuvar
parameter olup POD riski tasiyan bireylerin identifiye edilmesine
yardimai olabilir.

Anahtar Soézcikler: Transkatater aort kapak replasmani,
enflamasyon, C-reaktif protein, serum albimin, deliryum
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Introduction

Nowadays, transcatheter aortic valve replacement
(TAVR) has emerged as an alternative to surgical aortic
valve replacement (SAVR) for the treatment of patients
with symptomatic severe calcific aortic valve disease
(CAVD) who are not candidates for surgery or who are
considered to be at a high surgical risk (1). Delirium is a
neuropsychiatric behavioural syndrome characterised by
acute changes and fluctuations in attention, thinking,
and consciousness (2,3). Postoperative delirium (POD)
is frequently observed after TAVR and proposed to be
associated with several adverse outcomes including
prolonged hospital stay, readmission, and mortality after
TAVR (3). Since it is an important source of clinical concern,
attempting to determine independent risk factors for POD
and establishing an early diagnosis are of great importance
in improving the outcome.

Despite the knowledge about the epidemiology of
POD, its pathophysiology remains unclear. Inflammation
is one of the various proposed mechanisms and there is
growing evidence that a systemic inflammatory process
may play a role in the development of POD (4,5). Previous
reports have also proposed that CAVD represents an
inflammatory state of the valve interstitium similar to
that seen in atherosclerosis and, even after TAVR, the
inflammatory state persists in almost half of the patients
(6,7). As such, identifying accurate biomarkers for POD
may shed light on the pathophysiology and potentially
improve delirium recognition and prediction after TAVR.
Several inflammatory markers, such as proinflammatory
cytokines, chemokines, and the neutrophil-to-lymphocyte
ratio (NLR), have been proposed to be associated with
POD in various clinical conditions including cardiac surgery
(8-10). In addition, although there are conflicting results,
delirium has been found to be associated with proteins
involved in the stress response, including the markers
of systemic inflammation such as positive acute-phase
reactant Creactive protein (CRP) and negative acute-
phase reactant albumin (2,4,5,11). Recently, a novel
inflammatory marker defined as the CRP-to-albumin ratio
(CAR) has been proposed as more valuable than either
CRP or albumin alone in predicting inflammatory status
and prognosis in various clinical settings (12,13). To our
knowledge, there are no data available regarding the
association between CAR and POD in patients undergoing
TAVR. Therefore, in this study, we sought to investigate the
predictive value of CAR in determining POD development.

Methods

We performed a retrospective analysis of collected
data of 81 consecutive patients, who underwent TAVR
between January 2015 and March 2018, from the records
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of the cardiology department of our hospital. Data on
patient demographics, comorbidities, primary cardiac
acute illness, medical treatment, electrocardiogram, chest
X-ray, echocardiogram, multislice computed tomography
of the aorta and branches, cine coronary angiography,
length of hospital stay, clinically significant in-hospital
acute adverse events, Richmond agitation-sedation
scale (RASS) score, Confusion Assessment Method for
the Intensive Care Unit (CAM-ICU) score and mortality
data were obtained using a computerised system and or
patient file records or by way of follow-up visits of the
patients. The exclusion criteria of the present study were
as follows: patients undergoing combined procedures
such as concurrent percutaneous coronary intervention,
patients with an estimated life expectancy of less than
one year, patients with a significant mental impairment,
and concomitant inflammatory conditions (i.e., active
infection, inflammatory arthritis, inflammatory bowel
disease, or connective tissue disease) or malignancies,
or those who had recent (<2 months) surgery or major
trauma. Of 81 patients, three patients were excluded;
one (1.3%) due to insufficient data two for having a
history of cognitive impairment. Consequently, the study
population consisted of 78 patients with a life expectancy
of at least one year who were considered to be at high
surgical risk for SAVR on the basis of clinical assessments
by a multidisciplinary heart team (2,3). Thirty-day and
37-month clinical follow-up data were obtained via
outpatient visit or telephone contact. One hundred
percent of patients adhered to the follow-up schedule
after the index operation.

Severe aortic stenosis is defined as a valvular orifice
area of less than 1.0 cm? or less than 0.6 cm?/m? and/or
a mean pressure gradient of more than 40 mmHg and/or
a jet velocity of more than 4.0 m/s. The heart team used
a guideline that was based on a risk model developed by
the EuroSCORE I (ES Il) to estimate the risk of death after
the index TAVR procedure. ES Il and Society of Thoracic
Surgeons (STS)/American College of Cardiology (ACC)
transcatheter valve therapy TAVR (TAVR score) scores were
calculated using online tools (www.euroscore.org and
https://tools.acc.org/tavrrisk).

The primary endpoint of this study was the presence of
delirium on any day during the in-hospital stay after TAVR.
Other clinical outcomes, such as all-cause mortality within
30 days, all-cause, cardiovascular, and noncardiovascular
mortality after 30 days during follow-up, myocardial
infarction, stroke, acute kidney injury (AKI), pacemaker
requirement, life-threatening or disabling major bleeding,
and major vascular complications, were adjudicated
according to the Valvular Academic Research Consortium
(VARC) criteria (14).
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The default access for TAVR was transfemoral and valve
choice was decided at the discretion of the heart team. The
procedure was performed in the cardiac catheterization
laboratory under conscious sedation (mostly) or general
anaesthesia with transesophageal echocardiography
guidance. All patients received aspirin (81 mg) and
clopidogrel (=300 mg) before the procedure and heparin
during the procedure; the patients continued to take aspirin
indefinitely and clopidogrel for a minimum of one month.
After the index procedure, all patients were followed up at
30 days, six and 12 months, and yearly thereafter. Written
informed consent was not obtained from the participants
due to retrospective nature of the study, but our study
protocol conformed to the principles of the Declaration
of Helsinki and was approved by the University of Health
Sciences of Turkey, Haseki Training and Research Hospital
Ethics Committee (no: 116/09.05.2019).

Laboratory Measurements

Routine complete blood cell count and blood
evaluations for determining the blood glucose, creatinine,
albumin, and CRP levels were performed using the
admission blood samples. Serum albumin and CRP levels
were measured by using a Roche Diagnostics Cobas 8000
c502 analyser (Roche Holding AG, Basel, Switzerland).
CAR was calculated as the ratio of serum CRP level (mg/L)
to serum albumin level (mg/L) multiplied by 100 for easy
interpretation, as done in previous studies (12). NLR
was calculated by dividing the neutrophil count by the
lymphocyte count. The estimated glomerular filtration rate
(eGFR) was calculated by using the Modification of Diet in
Renal Disease formula.

Delirium Evaluation

In our institution as part of routine care, all TAVR
patients were screened for the presence of delirium using
the RASS at admission and then once daily by coronary
intensive care unit (CICU) physicians and cardiovascular
nurses (15). Presence of delirium was determined
according to the CAM-ICU at admission and then if the
RASS was-3 or greater to avoid inclusion of comatose/
unconscious patients (16).

The CAM-ICU value was considered positive for
delirium if patients had a RASS score of -3 or greater and
had an acute change or fluctuation in mental status plus
inattention and either disorganized thinking or an altered
level of consciousness. The patients were divided into two
groups according to delirium status, i.e., delirious and non-
delirious.

Statistical Analysis

Categorical variables are given as frequencies
and percentages. The chisquare (x2?) test was used
to compare the categorical variables between the
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groups. Continuous variables were given as mean
standard deviation (if normal distribution) and medians
(interquartile ranges) (if not normal distribution). The
Kolmogorov-Smirnov test was used to assess whether the
variables were normally distributed. The student’s t-test
or Mann-Whitney U test was used to compare continuous
variables between the groups according to whether they
were normally distributed or not. In order to identify
the independent preprocedural risk factors for POD,
univariate and backward stepwise multivariable logistic
regression analyses were performed. Only the variables
with a p value of less than 0.1 in univariate analysis were
incorporated in the multivariate logistic regression analysis.
Variables already included in the ACC/STS TAVR score and
which exhibited excellent correlation with CAR and NLR
were not considered separately in multivariable analysis,
independently of their significance in univariable analysis.
The receiver operating characteristics (ROC) curve analysis
was used to evaluate the sensitivity and specificity of
the CAR and its cut-off value for predicting POD. The
association between POD and mortality was analysed
using Kaplan-Meier curves created by delirium status and
the long-rank test. The results were evaluated within a
95% confidence interval (Cl) and at a significance level
of p<0.05. All statistical analyses were carried out using
the Statistical Package for the Social Sciences version 24.0
(IBM Corp., Armonk, NY, USA).

Results

Baseline Characteristics

The median follow-up period was 18 [interquartile
range (IQR): 10-25] months with a maximum of 37 months.
The mean age was 76.3+8.4 years and 46 (59%) patients
were female. The recorded admission diagnosis was
heart failure in 53 (67.9%), angina or angina-equivalent
symptoms in 20 (25.6%), and presyncope or syncope in
five (6.4%); none of the patients suffered sudden cardiac
death. The mean aortic valve area (AVA) was 0.61+0.12
cm?and mean transvalvular gradient was 50.6+6.1 mmHg.
Twenty-three (29.5%) patients had severe symptoms
defined as New York Heart Association (NYHA) classes Ill/
IV. Additionally, the mean ES Il was 5.2+2.1% and TAVR
risk score was 3.7+1.7%.

The procedure was performed by using conscious
sedation in 64 (82.1%) patients or general anaesthesia in
14 (17.9%) patients. Urgent procedures were performed
in 18 (23.1%) patients. Fifty-one (65.4%) patients
received a self-expandable valve, while 27 (34.6%)
received a balloon-expandable valve. Complications
included new pacemaker insertion in 13 (16.7%), any
VARC2-defined major vascular injury in seven (9%), major
bleeding in 14 (17.9%), and AKl in 10 (12.8%) patients.
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Three (3.7%) patients required dialysis treatment. None
of the patients experienced myocardial infarction or
permanent stroke or required surgical intervention peri-
TAVR or post-TAVR. Detailed baseline demographic, and
clinical, echocardiographic, pre- and post-procedural
characteristics of the population are summarised in Table
1 and 2.

Factors Associated with Postoperative Delirium

In the present study, POD diagnosed using the
CAM-ICU was observed in 17 (22%) patients. Delirious
patients had higher frequency of heart failure, severe
chronic obstructive pulmonary disease (COPD), and
NYHA classes lll and IV than did non-delirious patients
(p=0.08, p=0.05, and p=0.07, respectively), although
not in a statistically significant fashion. Regarding blood
examinations, serum CRP level (p=0.007) and neutrophil
count (p=0.04) were higher in the delirious group, while
serum albumin level was lower (p=0.04). As compared

with that in the non-delirious group, delirious patients
also had significantly higher values of CAR (p=0.006).
NLR value was also found to be higher in delirious
patients, but this finding had borderline statistical
significance (p=0.06). According to echocardiographic
examination, AVA and mean aortic valve gradient
were not different between the two groups. Besides
that, left ventricular ejection fraction (LVEF) was lower
(p=0.03), whereas pulmonary artery systolic pressure
was higher (p<0.001) in delirious patients than in the
others. eGFR was also found to be lower in those
suffering from POD (p=0.04). When considering the
procedural risk assessment scoring systems, ES Il and
TAVR score were significantly higher in the delirious
group than in the non-delirious group (p=0.03 and
p=0.009, respectively). Additionally, major bleeding,
major vascular complications, and AKI were more
frequent in patients with POD (p=0.005, p=0.018, and
p=0.002, respectively).

Table 1. Baseline demographic, clinical, laboratory parameters of study population

Variables All population No Delirious Delirious p
(n=61) (n=17)
Female gender 46 (59) 37 (60.7) 9 (52.9) 0.57
Age, years 76.3+8.4 75.7+8.7 78.746.8 0.19
Hypertension 52 (66.7) 39 (63.9) 13 (76.5) 0.3
Diabetes Mellitus 25 (32.1) 17 (27.9) 8 (47.1) 0.1
Heart failure 36 (46.2) 25 (41) 11 (64.7) 0.08
Vascular disease 38 (48.7) 29 (47.5) 9(52.9) 0.69
CVA history 7 (9) 4 (6.6) 3(17.6) 0.16
CKD history 25 (32.1) 16 (26.2) 9 (52.9) 0.04
COPD 26 (33.3) 17 (27.9) 9 (52.9) 0.05
NYHA Class llI-IV 23 (29.5) 15 (24.6) 8 (47.1) 0.07
Atrial fibrillation 6 (20.5) 12(19.7) 4 (23.5) 0.7
Presence of BBB 7 (21.8) 13 (21.3) 4 (23.5) 0.9
FBG, mg/dL 141+63.2 138+59.6 151.8+75.9 0.43
eGFR, mL/min/1.73m? 66.7+24.4 69.6+23.7 56.2+24.4 0.04
CRP, mg/L 5.5(2.2-11.4) 4.4(2.09.1) 9.55 (5.5-18.5) 0.007
Albumin, g/L 38 (33.3-40) 39 (34.8-41.3) 34 (30.9-39.5) 0.04
CAR, (x100) 14.8 (5.3-32.3) 11.8 (4.8-26.8) 29.5 (14.5-59) 0.006
Hematocrit, % 35.5¢4.5 35.9+4.4 34.1+4.7 0.15
Neutrophil, 103/pL 4.7 (3.47.1) 43(3.36.1) 7.1(3.9-12.1) 0.04
Lymphocyte, 103/pL 1.62 (1.2-2.2) 1.61(1.2-2.2) 1.64 (0.98-2.1) 0.8
NLR 2.9 (2.1-4.8) 2.63(2.1-3.9) 4.0(2.4-9.2) 0.06
TAVR score, % 3.7+1.7 3.4%1.5 4.9+1.8 0.009
Euroscore I, % 5.2£2.1 4.9+2.0 6.1+2.1 0.03

CVA: Cerebrovascular accident, CKD: Chronic kidney disease, COPD: Chronic obstructive pulmonary disease, NYHA; New York Heart Association, BBB: Bundle branch
block, FBG: Fasting blood glucose, eGFR: Estimated glomerular filtration rate, CRP: C-reactive protein, CAR: CRP to alblimin ratio, NLR: Neutropil to lymhocyte ratio, TAVR:

Transcatheter aortic valve replacement, n: Number
Values are n (%), median (interquartile range), or mean + standart deviation
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Independent Predictors of Postoperative Delirium

In order to determine the independent predictors
of POD, we performed multivariable logistic regression
analysis by incorporating variables that showed statistically
significant associations in the univariate analysis. CRP and
neutrophil were not included in the regression analysis
because of excellent correlation between CAR and CRP
(r=0.983; p<0.001) and between neutrophil and NLR
(r=0.718; p< 0.001), but albumin was included since
it exhibited a moderate correlation with CAR (r=-0.467;
p<0.001). In addition, ES Il was not included in the
multivariable regression analysis because it encompasses
many POD-related parameters such as creatinine clearance,
pulmonary artery pressure, LVEE, NYHA class, and COPD
and is also not a TAVR-specific scoring system. Conversely,
because the TAVR score contains relatively less POD-
related variables and is a TAVR-specific scoring system,
it was included in the multivariate regression analysis. In
the multivariable analysis, postoperative AKI (p=0.02),
major bleeding (p=0.005), TAVR score (p=0.04), and CAR
(p=0.02) were found to be independent predictors for
the development of POD (Table 3). To test the predictive

performance of CAR, we performed ROC curve analysis.
The area under the curve of CAR for POD development
was 0.718 (95% Cl: 0.605-0.814; p=0.002) with a cut-
off value of greater than 13 (82% sensitivity and 56%
specificity) (Figure 1).

Postoperative Delirium and Overall Survival

At 30 days and 37 months, the mortality rate was
higher in the delirious group than in the nondelirious one
(p=0.002 and p<0.001, respectively). POD was significantly
associated with short-term (=30 days) [p=0.009; hazard
ratio (HR): 0.186; 95% Cl: 0.052-0.658] and late mortality
(p<0.001; HR: 0.193; 95% Cl: 0.088-0.422) after TAVR
in univariate Cox regression analysis. The association
between POD and mortality is depicted by Kaplan-Meier
plots of survival curves in Figure 2.

Discussion

The main findings of the present study are as follows:
1) POD is common after TAVR and occurs in about one-
fifth of patients; 2) higher preoperative CAR values,
procedure-related major bleeding, postoperative AKI,
and TAVR score are independently associated with the

Table 2. Echocardiographic, pre-and post-procedural parameters of study population

Variables All population No delirium Delirium p
(n=61) (n=17)
AVA, cm2 0.61£0.12 0.63+0.13 0.58+0.12 0.16
Mean AVG, mmHg 50.6£6.1 50.1+6.2 52.4+5.4 0.19
LVEF, % 47.8+8.3 48.9+8 43.8+8.4 0.03
PAPs, mmHg 49+9.8 47.1+9.3 55.819.0 <0.001
Urgent procedure 18 (23.1) 10 (16.4) 8 (47.1) 0.008
Conscious sedation 64 (82.1) 51 (83.6) 13 (76.5) 0.5
Type of valve - 0.2
Self-expandable 51(65.4) 42 (68.9) 9 (52.9) -
Balloon-expandable 27 (34.6) 19 (31.1) 8(47.1) -
Predilatation 36 (46.2) 27 (44.3) 9(52.9) 0.5
Postdilatation 14 (17.9) 11 (18) 3(17.6) 0.97
Major bleeding 14 (17.9) 7(11.5) 7(41.2) 0.005
Acute kidney injury 10 (12.8) 4 (6.6) 6(35.3) 0.002
Major vascular complications 7 (9) 3(4.9) 4 (23.5) 0.018
Permanant pacemaker 13 (16.7) 12 (19.7) 1(5.9) 0.18
Myocardial infarction 0 (0) 0(0) 0 (0) -
Stroke 0 (0) 0 (0) 0 (0) -
Hospitalization, days 6 (4-8) 5 (4-7) 10 (6-12.5) <0.001
Rehospitalization 14 (17.9) 9(14.8) 5(29.4) 0.16
Early mortality (<30 days) 10 (12.8) 4 (6.6) 6 (35.3) 0.002
Late mortality (>30 days) 26 (33.3) 13 (21.3) 13 (76.5) <0.001

AVA: Aortic valve area, AVG: Aortiv valve gradient, LVEF: Left ventricular ejection fraction, PAPs: Systolic pulmonary artery pressure, n: Number
Values are n (%), median (interquartile range), or mean + standard deviation
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development of POD, while NLR is not; 3) a CAR value of
greater than 13 is a predictor of POD development; and 4)
POD is significantly related with both early and late overall
mortality.

In accordance with the literature, the incidence of POD
on the basis of the CAM-ICU criteria was 22% in the current
study cohort (3,17,18). In comparison, the incidence of
delirium in the existing literature ranges from 12% to 53%
after TAVR (18). This variation in the POD incidence may in
part be due to the lack of frequent assessments, different
assessment methods of delirium (e.g., medical records,
diagnosis codes), and a lack of standardised criteria for
diagnosis (19).

Although no consensus regarding the risk factors
for POD has yet been established, probably due to its
complicated pathogenesis, a number of predisposing
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Figure 1. ROC curves of the C-reactive protein to albumin ratio
for prediction the postoperative delirium development
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Figure 2. Kaplan-Meier plots of survival curves of deliriuos and
no delirious patients

Table 3. Univariable and multivariable regression analysis for determining the predictors of the postoperative delirium development

Variables Univariable Multivariable
OR (95% Cl) p OR (95% Cl) p

AKI 0.129 (0.031-0.532) 0.005 0.136 (0.024-0.765) 0.02
Major bleeding 0.185 (0.053-0.644) 0.008 0.080 (0.014-0.466) 0.005
CAR 1.027 (1.005-1.049) 0.015 1.039 (1.006-1.073) 0.02
LVEF 0.928 (0.868-0.994) 0.03 1.041 (0.940-1.154) 0.44
COPD 0.343 (0.114-1.037) 0.06 0.279 (0.064-1.212) 0.09
TAVR score 1.706 (1.219-2.387) 0.002 1.621 (1.033-2.541) 0.04

AKI: Acute kidney injury, CAR: CRP to albumin ratio, LVEF: Left ventricular ejection fraction, COPD: Chronic obstructive pulmonary disease, TAVR: Transcatheter aortic valve
replacement, OR: Odds ratio, Cl: Confidence interval
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and precipitating risk factors have been identified to date
(3,11,20). Predisposing factors, such as age, physical status,
previous vascular disease, prior stroke, hypertension,
diabetes, atrial fibrillation, NYHA classes Il and IV, COPD,
LVEF, and ES, are generally nonmodifiable and characterise
a person’s susceptibility to developing delirium, while
precipitating factors, like medications, major surgery,
TAVR, infectious disease, AKI, bleeding, and metabolic
alterations, are modifiable items that trigger the onset
of delirium (3,20-22). In the current study, none of these
aforementioned predisposing risk factors, such as stroke,
hypertension and COPD, were found to be predictors.
To the best of our knowledge, there is no evidence to
assess the relationship between TAVR score and delirium.
In this study, among the predisposing factors, only TAVR
score was found to be a predictor of the development
of POD. On the other hand, among the precipitating
factors, procedure-related AKI and bleeding were found
to be independent predictors of POD development, in
line with previous reports (20,21). Although there is no
established protocol for the prevention of periprocedural
AKI, adequate hydration and avoidance of nephrotoxic
medications may constitute preventative therapy. In
addition, a previous study showed that anemia increases
the risk of POD, whereas a blood transfusion reduces its
incidence (23). So, the incorporation of blood transfusions
might prevent POD in patients after TAVR.

Despite the condition’s observed high prevalence
and negative effect on outcomes, the pathophysiology
of POD remains unclear (4,9,22). Previous reports have
proposed that systemic inflammation contributes to
the pathogenesis of POD by compromising blood-brain
barrier integrity and consequently promoting neuronal
injury, causing neurocognitive behavioural abnormalities
(4,5,9). Several immune and inflammatory alterations
such as increased acute-phase reactants and abnormal
levels of inflammatory cytokines detected in both the
serum and cerebrospinal fluid of delirious individuals have
been reported in the literature (4,8-11,24). Therefore,
the identification of inflammatory markers associated
with POD can improve our understanding of POD
pathophysiology and ultimately leads to new interventions
that may improve patient outcomes.

CRP one of the most common markers for
systemic inflammation, has been linked with increased
cardiovascular and allcause mortality following TAVR
(25,26). In addition, although there are conflicting data,
the previous literature sought to examine the relationship
between pre- and postoperative elevated CRP levels
and the development of POD in patients undergoing
cardiac and noncardiac surgery (2,27,28). In the present
study, because of its excellent correlation with CAR,
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we did not analyse the predictive value of preoperative
plasma CRP level in determining POD, but did note that
baseline CRP levels were higher in delirious patients than
in non-delirious ones. The association of preoperative
hypoalbuminemia with the development of POD has also
been reported in various surgical populations (11,28,29).
This relationship can be explained by several mechanisms,
such as reduced transport of delirogenic medication
with consequent increased risks of side effects and
drug activity. Second, hypoalbuminemia is an important
indicator of the acute-phase reaction and activation of
the immune system. Therefore, patients with POD have
a stronger acute-phase reaction and activation of the
immune system followed by an increasingly damaging
cytokine influence on the transmitter systems of the
central nervous system (29). CAR is a novel inflammatory
parameter and was first described by Fairclough et al.
(12). CAR contains both CRP and albumin parameters
and reflects not only the proinflammatory state, but
also the nutritional status. Therefore, the combination
of albumin and CRP in a single index may be more
valuable and provide both inflammatory and nutritional
information. In addition, this combination as a prognostic
score provides stability between fluctuating CRP and
albumin levels in diseases where inflammation plays an
important role (30). Considering these aforementioned
reasons, the combination of albumin and CRP in a single
index has previously been proposed and subsequent
studies have shown that the CAR was more sensitive and
specific in the prediction of the systemic inflammatory
state and prognosis than either serum CRP or albumin
level alone in various clinical conditions (12,13,30,31).
To our knowledge, this is the first study evaluating the
association between CAR and the development of POD
in patients who underwent transfemoral TAVR. In the
current study, we observed that delirious patients had
higher preoperative CAR values, and CAR values of more
than 13 were found to be predictive of POD development.
We know that CAVD is the most common valvular
heart disease in the elderly and inflammation plays an
important role in the development and progression
of CAVD, with similarities to atherosclerosis (32). In
addition, there is also increasing evidence that aging is
associated with increased basal neuroinflammation that
manifests as increased levels of activated microglia, the
immune cells of the brain (33). As a result, higher CAR
values may be an indicator of this basal inflammatory
condition, which may have a priming effect, leading
to an increased response to peripheral stimuli such as
surgery (34).

NLR, another inflammatory marker, has been reported
to serve as a valuable indicator of systemic inflammation
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in comparison with traditional markers such as total white
blood cell (WBC) count, individual WBC subtypes, and
CRP in various clinical conditions (24,35). NLR has been
investigated in the context of neuropsychiatric disorders
such as cerebrovascular disease, schizophrenia, and
Alzheimer’s disease to quantify the systemic inflammation
in these disorders (24). Egberts and Mattace-Raso (24)
in their study observed increased NLR levels in delirious
patients and suggested that an inadequate response of
the immune system and oxidative stress may play a role in
the pathogenesis of delirium. To the best our knowledge,
no previous study has investigated a possible association
between NLR and POD in patients who underwent TAVR.
Although preprocedural NLR is higher in patients with
delirium, contrary to Egberts and Mattace-Raso (24),
we have not observed any relationship between NLR
and delirium. Furthermore, some previous studies have
suggested that CAR was superior to NLR in predicting
systemic inflammation and prognosis in several cardiac
and noncardiac conditions (36,37).

In line with previous data, in the current study, POD
after TAVR was significantly associated with increased
early and late mortality (3,38). However, the real
guestion to be asked here is whether or not the increases
in mortality and morbidity can really be attributed to
POD. Rather than being causally related with mortality,
POD may reflect a patient’s decreased resilience against
noxious stimuli (i.e., their fragility) and thus merely
identify the individuals who are already predisposed to
worse treatment outcomes.

Nonpharmacological strategies reduce the incidence
of delirium by 30% to 40% (3). As such, knowledge
of the predictive factors for POD is very important for
identifying patients who are at increased risk and who
are most likely to benefit from preventive measures such
as proactive interdisciplinary collaboration, geriatrics
consultation, rehabilitation, nonpharmacologic sleep
protocols, early mobilization, sensory aids, minimization
of psychoactive medication usage, and intensified
postoperative monitoring (3,19).

Study Limitations

Our study has some limitations that should be noted.
First, our investigation was a retrospective registry
analysis involving a small number of consecutive patients
who underwent TAVR at a single centre. Since our
patient number was relatively small, this study may be
underpowered to detect the predictive value of CAR upon
POD development. Second, the retrospective assessment
of delirium may have led to an underestimation of the
incidence of POD. Third, our analysis is retrospective
regarding early and late mortality; in particular, we could
not assess long-term cognitive impairment. Fourth,
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although this study points to CAR as a new risk factor for
POD development, the mechanism by which it operates
is still not clear. Thus, large-scale prospective studies are
needed to validate the predictive value of preoperative
CAR in determining POD occurrence after TAVR.

Conclusion

Our findings suggest an independent role of CAR in
delirium above and beyond conventional inflammatory
markers. From a clinical standpoint, we think that
preoperative CAR is a novel and promising predictive
inflammatory parameter for the development of POD
and may help the physician with identifying subgroups
of individuals at risk for POD to guide the deployment of
preventive strategies before TAVR. Our findings also support
the important role of inflammation in the pathophysiology
of delirium and can shed light on development of new
pathophysiologically based intervention strategies to
prevent and/or treat this clinically important issue.
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