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Abstract. – OBJECTIVE: Infective endocardi-
tis (IE) is a life-threatening disease that causes 
various complications and mortality. The C-reac-
tive protein-to-albumin ratio (CAR) has been re-
ported as a novel prognostic marker in inflamma-
tory and cardiovascular diseases. We retrospec-
tively investigated whether there is a relationship 
between admission CAR values and prognosis in 
patients with IE.

PATIENTS AND METHODS: The study popu-
lation was classified into 2 groups: patients with 
a primary clinical outcome (n = 64) and those 
without (n = 132). The primary clinical outcome 
consisted of the need for intensive care unit 
treatment and in-hospital mortality. For all pa-
tients, serum CAR levels at hospital admission 
were calculated.

RESULTS: In this study, 196 patients with a 
definite diagnosis of IE during a 5-year period 
were included. The mean age of the total patients 
was 52.7 ± 14.9 years (67% male, mean age 51.9 
± 15.0 years; 33% female, mean age 54.3 ± 14.4 
years, respectively). Serum CAR values were as-
sociated with prognosis in IE patients. According 
to Cox regression analysis, admission CAR value 
remained an independent predictor of mortality 
(p < 0.05). In receiver operating curve analysis, 
a cutoff value of CAR > 20.24 predicted primary 
clinical outcome with a sensitivity of 82.4% and 
specificity of 70.3% (p < 0.001).

CONCLUSIONS: For the first time, the present 
study showed that in IE, admission CAR could be 
a useful predictor of poor prognosis, including 
hospital death.
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Abbreviations
IE: Infective endocarditis, CAR: C-reactive protein-to-al-
bumin ratio, NLR: neutrophil-lymphocyte ratio, PLR: plate-
let-lymphocyte ratio, SII: systemic immune inflammation 
index, CRP: C-reactive protein, CAD: coronary artery dis-
ease, ICU: intensive care unit, CBC: complete blood count, 
TEE: transesophageal echocardiography.

Introduction

The term “infective endocarditis” (IE) is used 
to describe an infection of cardiac valves (native 
or prosthetic) or intracardiac structures associat-
ed with bacteremia1. It commonly affects elderly 
patients with chronic diseases, artificial cardiac 
devices, or prosthetic valves1. On clinical presen-
tation, the patient may exhibit severe infectious 
disease such as septic shock and multiorgan fail-
ure. Due to its impact on cardiac functions and 
embolic complications, the morbidity and mortal-
ity remain high in IE1,2.

The patients’ clinical characteristics, infecting 
microorganism, and development of complica-
tions can determine the prognosis in IE2. Systemic 
inflammation plays an important role in the patho-
genesis of IE1. Therefore, systemic inflammatory 
biomarkers can be associated with poor outcomes 
in IE cases. Early identification of high-risk pa-
tients is crucial for predicting optimal timing of 
surgery, improving treatment modality, and pre-
venting complications and even mortality.

Many studies3,4 have focused on new, easily 
available, and inexpensive inflammatory parameters 
in the cardiovascular field. In this regard, various 
inflammatory biomarkers including neutrophil-lym-
phocyte ratio (NLR) and platelet-lymphocyte ra-
tio (PLR) have been studied in IE. A new marker, 
known as the systemic immune inflammation index 
(SII), which is a combination of NLR and platelet 
counts, represents the inflammatory and immune 
response in patients5. Moreover, the C-reactive pro-
tein-to-albumin ratio (CAR), a novel indicator of 
inflammatory response, has recently been shown to 
be an important marker for evaluating and monitor-
ing inflammatory conditions6. The CAR could be a 
more sensitive marker for inflammatory states than 
serum C-reactive protein (CRP) or albumin alone6.

Several previous studies7,8 have established the 
prognostic value of the CAR in patients with var-
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ious inflammatory diseases, such as sepsis, can-
cer, acute pancreatitis, or coronary artery disease 
(CAD).

However, the relationship between the CAR 
and clinical outcomes in patients with IE is not 
yet clear. The aim of this study was to investigate 
whether serum CAR levels at admission are as-
sociated with prognosis and mortality in patients 
with IE. To the best of our knowledge, the prog-
nostic value of the CAR in IE patients has not 
been previously investigated.

Patients and Methods

Study Population
Patients diagnosed with definite IE according 

to the modified Duke criteria were collected from 
the Istanbul University Medical Faculty from 
2016 to 2021 in this retrospective study. The pres-
ent study protocol was reviewed and approved by 
Local Ethics Committee of Istanbul University, 
Faculty of Medicine (Approval no.: 1080290). 
Patients with severe chronic inflammatory dis-
ease, autoimmune disease, hematological disease, 
malignancy, severe chronic kidney disease (esti-
mated glomerular filtration rate [eGFR] < 30 mL/
minute/1.73 m2), or chronic liver disease, patients 
receiving corticosteroids or immunosuppressive 
therapy, and patients with missing laboratory data 
were excluded from the study.

Primary Outcome Definition
The primary clinical outcome was defined as 

meeting at least one of the following conditions: 
(1) in-hospital mortality and/or (2) the need for 
intensive care unit (ICU) treatment. 

Study Design
The study population was classified into two 

groups according to primary clinical outcomes: 
64 patients who had a primary clinical outcome 
(admitted to the ICU or died) and 132 patients 
without. Patients with hypotension (systolic blood 
pressure < 90 mmHg) and signs of peripheral hy-
poperfusion and multiorgan failure with sepsis or 
septic shock were admitted to the ICU.

The patients’ comorbidities, including age, 
gender, hypertension, diabetes mellitus, CAD, 
chronic renal disease, and smoking, were evalu-
ated. Data about comorbidities, predisposing val-
vular diseases, the presence of prosthetic valves 
and intracardiac devices, blood culture results, 
echocardiographic findings, vegetation size, lab-

oratory parameters, and severe complications due 
to IE were carefully reviewed and collected from 
the hospital electronic medical records.

Blood cultures were collected from at least 
three sets for each patient before starting antibiot-
ics. Cultures were obtained from different venous 
sites with at least 1-hour intervals between the first 
and last samples drawn. Excised materials, in-
cluding any valves, vegetation, infected prosthe-
ses, or emboli during surgery, were submitted for 
culture. The antibiotic regimen was given based 
on the American Heart Association guidelines9.

All hematologic and biochemical data were re-
corded. The complete blood count (CBC), CRP, al-
bumin, and serum biochemistry were all assessed 
at admission and periodically recorded during the 
hospital course. The CBC analyses were conduct-
ed using the LH780 Hematology Analyzer (Beck-
man Coulter, Inc., Brea, CA, USA), and a Cobas 
8000 (Roche Diagnostics, Mannheim, Germany) 
was used to measure serum CRP and albumin lev-
els. The CAR was calculated as the ratio of serum 
CRP level to serum albumin level at admission. 
The SII was measured as follows: SII = platelet × 
neutrophil/lymphocyte counts at admission. The 
NLR and PLR were directly obtained from the 
CBC at admission.

Transthoracic echocardiography was per-
formed for all patients within 24 hours of admis-
sion. Additionally, transesophageal echocardiog-
raphy (TEE) was performed as indicated within 
72 hours by an experienced cardiologist blinded 
to the patients’ data. For the vegetation size, the 
maximum length was chosen. Severe heart fail-
ure, peripheral septic embolism, and uncontrolled 
infection were the main indications for surgery.

Statistical Analysis
All statistical analyses were performed using 

the SPSS 26.0 for Windows (IBM Corp., Armonk, 
NY, USA). The Kolmogorov-Smirnov test was 
used to analyze the normality of the data. Contin-
uous data are expressed as mean ± standard devi-
ation (SD), and categorical data are expressed as 
percentages. A Chi-square test was used to assess 
the differences in categorical variables between 
the groups. A Student’s t-test or the Mann-Whit-
ney U test was used to compare unpaired sam-
ples as needed. For the parameters SII, NLR, and 
CAR, receiver operating curves (ROCs) were 
obtained, and optimal values with the greatest 
total sensitivity and specificity in the prediction 
of a primary outcome were selected. Cumulative 
survival curves were derived according to the Ka-
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plan-Meier survival method. A Cox regression 
analysis was used to identify the predictors of 
mortality and estimate hazard ratios (HRs), 95% 
confidence intervals (CIs), and p-values. Signifi-
cance was assumed at a two-sided p < 0.05.

Results

A total of 196 cases with a definite diagnosis 
of IE were retrospectively reviewed for a 5-year 
period. The mean age of the total study popula-
tion was 52.7 ± 14.9 years (67% male, mean age 
51.9 ± 15.0 years; 33% female, mean age 54.3 ± 
14.4 years, respectively). The median duration of 
hospitalization was 33 days (range 0-173 days). 
Twenty-five (12.8%) patients had prosthetic valve 
endocarditis, and 14 (7.1%) had vegetation on an 
intracardiac device. Valves affected by vegetation 
were an aortic valve in 79 patients (40.3%) and a 
mitral valve in 65 (33.2%). The median vegetation 
size was 11 mm (range 2-36 mm). Degenerative 
valvular disease was the most frequent predispos-
ing valvular disease, followed by rheumatic heart 
disease, bicuspid aorta, mitral valve prolapses, 
and congenital heart disease. Surgical therapy was 
performed in 51 patients (26%). Staphylococcus 
species, Streptococcus, and Enterococcus were 
the most frequent isolated microorganisms.

In our study, the patients were divided into 2 
groups based on primary clinical outcomes. The 
baseline clinical characteristics, echocardiograph-
ic and laboratory findings, and microbiological 
data of the patients with and without a primary 
clinical outcome are presented in Table I. 

Patients with a primary outcome were much 
older than those without. No significant differenc-
es were observed in gender, comorbidities, pre-
disposing valvular disease, vegetation size, and 
blood culture results between the 2 groups (p > 
0.05).

Primary Clinical Outcomes 
During hospitalization, 53 (27%) patients died, 

and 34 (17.3%) patients were admitted to the ICU. 
Ultimately, 64 patients (32.7%) had the primary 
composite endpoint (Table I).

In the present study, acute renal failure oc-
curred in 20.4% of patients, congestive heart fail-
ure in 8.7%, and septic embolism in 24.5% as a 
complication. The paravalvular complications 
seen on TEE were aortic root abscess in 12 pa-
tients (6.1%), mitral chordae rupture in 13 pa-
tients (6.6%), perforation in 3 patients (1.5%), 

aortic pseudoaneurysm in 3 patients (1.5%), and 
prosthetic valve dehiscence in 2 patients (1%). 

In our study, patients with a primary clinical 
outcome had significantly higher CAR levels at 
admission compared with those without (40.4 
[0.2-166.9] vs. 17.9 [0.4-141.6], respectively; p < 
0.001) (Table I, Figure 1A). 

In the Cox regression analysis, acute renal 
failure and CAR levels were found to be indepen-
dent predictors of mortality (HR = 3.605, 95% 
CI 1.397-9.305, p = 0.008; HR = 1.015, 95% CI 
1.002-1.028, p = 0.02, respectively) (Table II).

The ROC analysis showed that a cutoff value 
of > 20.24 for CAR levels at admission predicted 
primary clinical outcome with 82.4% sensitivi-
ty and 70.3% specificity (AUC = 0.838, 95% CI 
0.734-0.941, p < 0.001) (Figure 1B).

According to the Kaplan-Meier survival analy-
sis, the total survival rate was 72.9%. The survival 
rate was found to be significantly lower in patients 
with acute renal failure than in those without (p = 
0.025; Figure 2A). 

Discussion

To the best of our knowledge, this is the first 
study to evaluate the relationship between se-
rum CAR and prognosis in patients with IE. Our 
study showed that higher CAR levels were asso-
ciated with poor clinical outcomes in IE patients. 
In the present study, we found that CAR was an 
independent predictor of mortality. Values above 
20.24 for admission CAR predicted primary clini-
cal outcome with a sensitivity of 82.4% and spec-
ificity of 70.3%. We suggest that admission CAR 
values could serve as a new biomarker to predict 
a poor clinical outcome in high-risk IE patients. 

Despite advanced medical therapy and im-
provement in diagnosis, IE is still a serious clini-
cal condition with a high mortality and morbidity 
rate10,11. The in-hospital mortality rate of patients 
with IE can vary from 15% to 30%10,11. Compli-
cations including septic embolism, periannular 
extension of the infection, valvular dysfunction, 
development of heart failure, and renal failure can 
cause a poor prognosis in IE12,13. Another study1 
reported the prosthetic valve infection, heart fail-
ure, mitral valve vegetation, and paravalvular 
complications to be associated with in-hospital 
mortality. Surgical therapy is recommended in the 
presence of severe complications due to IE13. Al-
though rheumatic heart disease is the most com-
mon underlying valvular condition in developing 
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Table I. Baseline clinical characteristics, and laboratory findings of the patients with and without primary clinical outcome.

Total Patients
(n=196)

Patients-without  
primary-clinical  

outcome (n=132)

Patients-with  
primary-clinical  
outcome (n=64)

p-value

Clinical characteristics
Age, (years) 52.72 ± 14.9 50.6 ± 13.1 56.56 ± 17 0.013*
Gender Male, n (%)
             Female, n (%)

131 (66.8%)
65 (33.2%)

93 (47.4%)
39 (19.9%)

38 (19.4%)
26 (13.3%) 0.122

Hospitalization time, (days) 33 (0-173) 28 (0-173) 26 (0-166) 0.620
Comorbidities
HT, n (%) 44 (22.4%) 26 (13.3%) 18 (9.2%) 0.352
DM, n (%) 26 (13.3%) 15 (7.7%) 11 (5.6%) 0.407
Coronary artery disease, n (%) 20 (10.2%) 10 (5.1%) 10 (5.1%) 0.138
Heart failure, n (%) 86 (43.9%) 50 (25.5%) 36 (18.4%) 0.058
Chronic renal disease, n (%) 23 (11.7%) 11 (5.6%) 12 (6.1%) 0.066
Smoking, n (%) 40 (20.4%) 24 (12.2%) 16 (8.2%) 0.630
Alcohol use, n (%) 5 (2.6%) 3 (1.5%) 2 (1%) 0.882
Laboratory findings
Creatinine (mg/dl) 1.44 ± 0.8 1.9 ± 1.4 1.23 ± 0.6 0.389
AST (U/I) 29 (14-168) 14.5 (14-15) 30 (23-168) 0.390
ALT (U/I) 25 (3-87) 7 (3-11) 36 (6-87) 0.146
LDH (U/I) 323 ± 66.8 344.5 ± 77.1 319.8 ± 76.8 0.244
CRP at admission (mg/L) 63 (0.9-614) 56 (1-614) 96 (0.9-304) 0.067
CRP peak (mg/L) 232.5 (87-454) 161 (87-235) 230 (101-454) 0.021*
Ferritin (ng/ml) 381 (28-4,517) 444.3 (28-4,000) 289.4 (45-4,517) 0.620
Hs-TnT peak (pg/ml) 135.5(22.1-323) 44.43 (31.35-57.5) 168 (22.1-323) 0.009*
Pro-BNP peak (pg/ml) 22,440 (1,145-35,000) 13,235 (1,145-25,326) 19,880 (2,740-35,000) 0.004*
Albumin (g/dl) 2.85 ± 0.8 3.41 ± 1.4 2.67 ± 0.6 <0.001*
Hgb (gr/dl) 9.62 ± 1.6 11.6 ± 1 8.87 ± 1.3 0.181
WBC (10³/µl) 8.73 ± 2.9 7.13 ± 1.2 8.3 ± 2.6 0.787
Neutrophile (10³/µl) 6.98 ± 2.5 5.26 ± 0.5 6.67 ± 1.7 0.198
Lymphocyte (10³/µl) 1.25 ± 0.8 1.42 ± 1.4 0.96 ± 0.6 0.760
Platelet (10³/µl) 203.7 ± 100.8 136.8 ± 23.8 152 ± 11.6 0.106
NLR 4.2 (0.2-58.5) 3.9 (0.2-58.5) 4.6 (0.8-11.3) 0.339
PLR 141.9 (5.3-686.7) 136.7 (5.3-686.7) 189.8 (9.5-335.5) 0.461
SII 744.8 (7.3-6,180) 744.8 (7.3-6,180) 759.9 (40-2,415) 0.617
CRP/albumin 21.1 (0.2-166.9) 17.9 (0.4-141.6) 40.4 (0.2-166.9) <0.001*
Etiology for infective endocarditis
Rheumatic heart disease, n (%) 31 (15.8%) 20 (10.2%) 11 (5.6%) 0.714
Mitral valve prolapses, n (%) 18 (9.2%) 14 (7.1%) 4 (2%) 0.322
Bicuspid aortic valve, n (%) 26 (13.3%) 19 (9.7%) 7 (3.6%) 0.503
Degenerative valve disease, n (%) 65 (33.2%) 40 (20.4%) 25 (12.8%) 0.222
Congenital heart disease, n (%) 13 (6.6%) 11 (5.6%) 2 (1%) 0.169
Vegetation on cardiac device (ICD/
PM), n (%) 14 (7.1%) 10 (5.1%) 4 (2%) 0.735

Vegetation on catheter, n (%) 7 (3.6%) 5 (2.6%) 2 (1%) 0.815
Native valve endocarditis, n (%) 150 (76.5%) 104 (53.1%) 46 (23.5%) 0.284

Prosthetic valve endocarditis, n (%) 25 (12.8%) 13 (6.6%) 12 (6.1%) 0.080
Affected valve
Aortic valve, n (%) 79 (40.3%) 53 (27%) 26 (13.3%) 0.949
Mitral valve, n (%) 65 (33.2%) 39 (19.9%) 36 (18.4%) 0.122
Aortic and mitral valve, n (%) 13 (6.6%) 10 (5.1%) 3 (1.5%) 0.446
Other valves, n (%) 39 (19.9%) 30 (15.3%) 9 (4.6%) 0.154

Continued
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Total Patients
(n=196)

Patients-without  
primary-clinical  

outcome (n=132)

Patients-with  
primary-clinical  
outcome (n=64)

p-value

Vegetation size (mm) 11 (2-36) 10.5 (3-35) 11 (2-36) 0.958
Blood culture
Staph. Aureus MRSA, n (%) 13 (6.6%) 8 (4.1%) 5 (2.6%) 0.644
Staph. Aureus MSSA, n (%) 18 (9.2%) 11 (5.6%) 7 (3.6%) 0.554
Coagulase negative staph., n (%) 12 (6.1%) 8 (4.1%) 4 (2%) 0.959
Streptococcus, n (%) 21 (10.7%) 16 (8.2%) 5 (2.6%) 0.360
Enterococcus, n (%) 19 (9.7%) 14 (7.1%) 5 (2.6%) 0.535
Enterobacter, n (%) 3 (1.5%) 1 (0.5%) 2 (1%) 0.249
Brucella, n (%) 4 (2%) 3 (1.5%) 1 (0.5%) 0.742
Candida spp., n (%) 6 (3.1%) 2 (1%) 4 (2%) 0.090
Coxiella, n (%) 2 (1%) 1 (0.5%) 1 (0.5%) 0.548
HACEK, n (%) 2 (1%) 2 (1%) 0 (0%) 0.322
Others, n (%) 15 (7.7%) 8 (4.1%) 7 (3.6%) 0.228
Surgery, n (%) 51 (26%) 31 (15.8%) 20 (10.2%) 0.467
Transthoracic echocardiographic 
findings
LVEF, (%) 60.67 ± 9.9 62.75 ± 7.4 57.44 ± 12.3 0.017*
RV, (mm) 26.39 ± 4.1 26.79 ± 4.2 25.78 ± 3.9 0.766
LA, (mm) 40.3 ± 6.7 40.21 ± 7.6 40.44 ± 6.2 0.074

sPAP, (mmHg) 39.3 ± 11.2 39.5 ± 11.4 39 ± 12.2 0.327

Table I (Continued). Baseline clinical characteristics, and laboratory findings of the patients with and without primary clin-
ical outcome.

HT: hypertension; DM: diabetes mellitus; AST: aspartate transaminase, ALT: alanine transaminase; LDH: lactate dehydroge-
nase; CRP: C-reactive protein; Hs-TnT: high-sensitivity troponin T; Pro-BNP: prohormone B-type natriuretic peptide; Hgb: 
hemoglobin; WBC: white blood cell; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; SII: system-
ic immune inflammation index; ICD: implantable cardioverter defibrillator; PM: pace maker; MRSA: methicillin resistant 
staphylococcus aureus; MSSA: methicillin sensitive staphylococcus aureus; LVEF: left ventricular ejection fraction; RV: 
right ventricle; LA: left atrium; sPAP: systolic pulmonary artery pressure.

countries, degenerative valvular lesions have 
become the most frequent predisposing valvular 
diseases in developed countries. Additionally, 
vegetation size and causative microorganisms 
have been identified as predictors of unfavorable 
outcomes and mortality1,10. 

In our study, 76.5% patients had native valve 
endocarditis. Consistent with the literature, 
degenerative valve lesions were the most fre-
quent predisposing valvular disease. The over-
all in-hospital mortality rate was 27%, similar 

to previous studies14,15, and 17.3% needed ICU 
treatment due to septic shock and multiorgan 
failure. The complications of heart failure, acute 
renal failure, and septic peripheric embolism 
occurred in 17 (9%), 40 (20%), and 48 (25%) 
patients, respectively. The most common para-
valvular complications were mitral chordae rup-
ture (6.6%) and abscess (6.1%). Surgery was re-
quired in 51 patients due to complications. In the 
present study, patients with acute renal failure 
which was also found to be a strong independent 

Table II. Cox regression analysis as a predictor of mortality

Parameter HR 95% CI p-value 

Age 1.022 0.991-1.055 0.165
Acute renal failure 3.605 1.397-9.305 0.008*
Posterior wall thickness 0.798 0.623-1.021 0.072
CAR 1.015 1.002-1028 0.020*

CAR: C-reactive protein-to-albumin ratio.
* p<0.05.
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in both acute and chronic inflammation8,16. Serum 
CRP levels have been commonly used for the de-
termination and monitoring of various inflamma-
tory conditions6,17. On the other hand, albumin is a 
negative acute phase protein, and its serum levels 
decrease during inflammation17. Albumin has po-
tential roles in the body, such as anti-inflammato-
ry, antioxidant, and antiplatelet aggregation prop-
erties18. In previous studies, serum albumin levels 

predictor of mortality, had a significantly low-
er survival rate in comparison to patients with 
septic embolism and heart failure according to 
Kaplan-Meier survival analysis.

In this regard, rapid identification of high-risk 
patients could offer an opportunity to improve 
prognosis. Inflammation plays a central role in the 
IE process. Serum CRP, a prototype inflammation 
marker, is a positive acute phase protein that rises 

Figure 1. A, Serum C-reactive protein to albumin ratio values according to primary clinical outcome of the patients with in-
fective endocarditis. B, The receiver operating characteristics (ROC) curve analysis for predicting primary clinical outcome by 
CAR compared with NLR and SII at Hospital admission.
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studies have shown the prognostic significance 
of CAR in various inflammatory diseases, in-
cluding cancer, sepsis, acute pancreatitis, or ul-
cerative colitis7,8,16,19. Moreover, Lucijanić et al20 
found higher CAR values to be associated with 
worse clinical outcomes and higher mortality in 
patients with the 2019 novel coronavirus disease 
(COVID-19). They showed that survival was 
improved with lower CAR values20. In another 
study, Kunutsor et al6 showed serum CAR levels 
to be associated with increased risk of communi-
ty-acquired pneumonia. Again, CAR was found to 
be a more sensitive marker than the CRP level in 
predicting mortality in patients with sepsis17. 

were found to be associated with inflammation 
severity, as well as mortality17,18.

Although CRP is a valuable inflammatory 
marker in establishing the diagnosis of IE, data 
about its prognostic implications are lacking. It 
is of great importance to identify the IE patients 
needing more aggressive treatment at the time of 
admission. In this regard, there is a need for easily 
measurable and available inflammatory markers 
at hospital admission. Therefore, we investigat-
ed the utility of the CAR for the determination of 
prognosis and mortality in IE patients.

Serum CAR is a novel defined combined in-
flammatory index of CRP and albumin8. Many 

Figure 2. A, Kaplan-Meier survival analysis according to acute renal failure in patients with infective endocarditis. B, Ka-
plan-Meier survival analysis according to septic peripheral embolism in patients with infective endocarditis.
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Serum CAR has been studied not only in in-
flammatory disease but also in cardiovascular dis-
orders21,22. For example, Kelesoglu et al18 showed 
a strong positive relationship between CAR levels 
and poor coronary collaterals in patients with sta-
ble CAD. Sogut et al7 found CAR levels to be in-
dependent predictors of mortality in patients with 
acute myocardial infarction. 

In the present study, CAR levels were signifi-
cantly higher in IE patients with a primary clini-
cal outcome than in those without. The increased 
CAR levels remained an independent predictor of 
in-hospital mortality. We found that the cutoff val-
ue for admission CAR was 20.24, which predicts 
a primary clinical outcome consisting of hospital 
death and ICU admission, with a sensitivity of 
82.4% and specificity of 70.3%. We suggest that 
low serum albumin and high CRP levels might 
have a synergistic effect on the development of 
poor prognosis in IE patients. 

We also evaluated the relationship between 
some new inflammatory biomarkers (NLR, PLR, 
SII) and prognosis. NLR is indicative of an im-
paired cell-mediated immunity associated with 
systemic inflammation. PLR and NLR have been 
found to be independent predictors of unfavorable 
clinical outcomes in many cardiovascular and in-
flammatory diseases4,23,24,25.

Several important functions of platelets have 
been identified in the pathogenesis of inflamma-
tory diseases. In this regard, Zencir et al26 found 
PLR to be independently associated with in-hos-
pital mortality in IE patients. Meshaal et al3 found 
that a higher NLR at admission was significantly 
associated with increased risk of hospital death in 
IE patients. However, we could not show signifi-
cant associations between PLR and NLR values 
and mortality in IE patients.

Recently, some authors5 have investigated the 
prognostic importance of a novel inflammation 
marker known as SII. Higher SII levels were sug-
gested to be a prognostic marker in some malig-
nancies, heart failure, and CAD. In a recent study, 
Agus et al12 showed SII to be an independent pre-
dictor of in-hospital mortality in IE patients. Con-
trary to their results, the SII showed no significant 
association with mortality in our study.

Therefore, we can speculate that higher CAR 
values at the time of hospital admission could be 
a more sensitive marker than the other inflamma-
tory biomarkers for predicting patients at high risk 
of mortality.

As a result, early identification of patients at 
high risk for mortality could provide important 

clues for making clinical decisions, improving 
treatment approaches, and performing early sur-
gery intervention. Serum admission CAR values 
could be useful for prognostic implications in IE 
patients. No available studies have investigated 
the prognostic significance of serum admission 
CAR levels in patients with IE. 

Although sample size of our study is relatively 
small, it may be suggested that our study made an 
important contribution to clinical practice about 
IE with emphasizing the significance of admis-
sion CAR, a novel indicator of inflammation, in 
the prediction of poor prognosis and mortality in 
high-risk patients. 

Limitations
The present study has some limitations. First, 

it has a retrospective design, and it was a sin-
gle-center study. Second, we used serum NLR, 
PLR, SII and CAR levels to indicate inflamma-
tion; however, it would be better if we had eval-
uated proinflammatory cytokines and interleuk-
ins. Larger, prospective studies will be needed to 
confirm our findings. 

Conclusions

Adding admission CAR values to established 
prognostic parameters could provide more valu-
able prognostic information in IE patients at high-
risk for mortality and could improve patients’ 
clinical management. 

Conflict of Interest 
The authors declare that they have no conflict of interests.

Availability of Data 
The data and materials generated/analyzed in the present 
study are available from the corresponding author upon 
request.

Ethics Approval
This research was carried out with the permission of Istan-
bul University, Istanbul Faculty of Medicine, Local Ethics 
Committee, dated 08/07/2022 and numbered 1080290.



D. Baykiz, E.A. Govdeli, Z.G. Demirtakan, A. Elitok, B. Umman, Z. Bugra

8736

Informed Consent
Not applicable. 

Authors’ Contributions
D. Baykiz is the principal author of this study, and de-
signed the study with resources acquisition, data collec-
tion and processing data, data analysis and interpretation, 
writing-original draft preparation, and editing. D. Baykiz, 
and Z. Bugra: conceived the idea for the article, framing 
the hypothesis, D. Baykiz, E. A. Govdeli, and Z. Bugra: 
designed the methods to generate results, A. Elitok, B. 
Umman, and Z. Bugra: supervision of the project and the 
manuscript, E.A. Govdeli, Z. G. Demirtakan, and D. Bay-
kiz: resources acquisition, Z. G. Demirtakan, and E.A. 
Govdeli: materials and referring patients, E.A. Govdeli, Z. 
G. Demirtakan, and D. Baykiz: data collection and pro-
cessing data, D. Baykiz, B. Umman, and A. Elitok: data 
analysis and interpretation, E.A. Govdeli, and D. Baykiz: 
writing-original draft preparation, A. Elitok, B. Umman, 
and Z. Bugra: critical review and editing. All authors have 
read and approved the paper.

ORCID ID
Derya Baykiz: 0000-0003-0666-6631.
Elif Ayduk Govdeli: 0000-0002-6595-4812.
Zeynep Gizem Demirtakan: 0000-0003-2401-3837.
Ali Elitok: 0000-0002-0786-5096.
Berrin Umman: 0000-0003-1094-9757.
Zehra Bugra: 0000-0002-9904-0146.

References

  1) Vincent LL, Otto CM. Infective Endocarditis: Up-
date on Epidemiology, Outcomes, and Manage-
ment. Curr Cardiol Rep 2018; 20: 86.

  2) Hubers SA, DeSimone DC, Gersh BJ, Anavekar 
NS. Infective Endocarditis: A Contemporary Re-
view. Mayo Clin Proc 2020; 95: 982-997.

  3) Meshaal MS, Nagi A, Eldamaty A, Elnaggar W, 
Gaber M, Rizk H. Neutrophil-to-lymphocyte ratio 
(NLR) and platelet-to-lymphocyte ratio (PLR) as 
independent predictors of outcome in infective en-
docarditis (IE). Egypt Heart J 2019; 71: 13.

  4) Chen Y, Ye LJ, Wu Y, Shen BZ, Zhang F, Qu Q, 
Qu J. Neutrophil-Lymphocyte Ratio in Predicting 
Infective Endocarditis: A Case-Control Retro-
spective Study. Mediators Inflamm 2020; 2020: 
8586418.

  5) Cırakoglu O F, Yılmaz AS. Systemic immune-in-
flammation index is associated with increased 
carotid intima-media thickness in hypertensive pa-
tients. Clin Exp Hypertens 2021; 43: 565-571.

  6) Kunutsor SK, Laukkanen JA. Serum C-reactive 
protein-to-albumin ratio is a potential risk indicator 
for pneumonia: Findings from a prospective cohort 
study. Respir Med 2022; 199: 106894.

  7) Sogut O, Akdemir T, Can MM. Prognostic value of 
the C-reactive protein to albumin ratio in patients 
undergoing primary percutaneous coronary inter-
vention for ST-segment elevation myocardial in-
farction. Turk J Med Sci 2021; 51: 1281-1288.

  8) Guney B, Tastan Y, Dogantekin B, Serindag Z, 
Yeniceri M, Cicek V, Kılıc S, Seker M, Cınar T, 
Hayıroglu MI, Kaplan M. Predictive Value of CAR 
for In-Hospital Mortality in Patients with COVID-19 
Pneumonia: A Retrospective Cohort Study. Arch 
Med Res 2021; 52: 554-560.

  9) Baddour LM, Wilson WR, Bayer AS, Fowler VG, 
Jr., Tleyjeh IM, Rybak MJ, Barsic B, Lockhart PB, 
Gewitz MH, Levison ME, Bolger AF, Steckelberg 
JM, Baltimore RS, Fink AM, O’ Gara P, Taubert 
KA. Infective Endocarditis in Adults: Diagnosis, 
Antimicrobial Therapy, and Management of Com-
plications: A Scientific Statement for Healthcare 
Professionals From the American Heart Associa-
tion. Circulation 2015; 132: 1435-1486.

 10) Nunes MCP, Guimarães-Júnior MH, Murta Pin-
to PHO, Coelho RMP, Souza Barros TL, Faleiro 
Maia NPA, Madureira DA, Reis RCP, Costa PHN, 
Bráulio R, Gelape CL, Ferrari TCA. Outcomes 
of infective endocarditis in the current era: Ear-
ly predictors of a poor prognosis. Int J Infect Dis 
2018; 68: 102-107.

 11) Xiao SJ, Zhou YF, Jia H, Wu Q, Pan DF. Iden-
tification of the pivotal differentially expressed 
genes and pathways involved in Staphylococcus 
aureus-induced infective endocarditis by using 
bioinformatics analysis. Eur Rev Med Pharmacol 
Sci 2021; 25: 487-497.

 12) Agus HZ, Kahraman S, Arslan C, Yildirim C, Erturk 
M, Kalkan AK, Yildiz M. Systemic immune-inflam-
mation index predicts mortality in infective endo-
carditis. J Saudi Heart Assoc 2020; 32: 58-64.

 13) Leone S, Ravasio V, Durante-Mangoni E, Crapis 
M, Carosi G, Scotton PG, Barzaghi N, Falcone 
M, Chinello P, Pasticci MB, Grossi P, Utili R, Viale 
P, Rizzi M, Suter F. Epidemiology, characteristics, 
and outcome of infective endocarditis in Italy: the 
Italian Study on Endocarditis. Infection 2012; 40: 
527-535.

 14) Ferraris L, Milazzo L, Rimoldi SG, Mazzali C, 
Barosi A, Gismondo MR, Vanelli P, Cialfi A, Sol-
lima S, Galli M, Antona C, Antinori S. Epidemio-
logical trends of infective endocarditis in a sin-
gle center in Italy between 2003-2015. Infect Dis 
(Lond) 2018; 50: 749-756.

 15) Olmos C, Vilacosta I, Fernández C, López J, Sar-
riá C, Ferrera C, Revilla A, Silva J, Vivas D, Gon-
zalez I, San Roman JA. Contemporary epidemi-
ology and prognosis of septic shock in infective 
endocarditis. Eur Heart J 2013; 34: 1999-2006.

 16) Wang QY, Lu F, Li AM. The clinical value of high 
mobility group box-1 and CRP/Alb ratio in the di-
agnosis and evaluation of sepsis in children. Eur 
Rev Med Pharmacol Sci 2022; 26: 6361-6366.

 17) Kaplan M, Ates I, Akpinar MY, Yuksel M, Kuzu 
UB, Kacar S, Coskun O, Kayacetin E. Predictive 
value of C-reactive protein/albumin ratio in acute 



Infective endocarditis and inflammatory biomarker

8737

pancreatitis. Hepatobiliary Pancreat Dis Int 2017; 
16: 424-430.

 18) Kelesoglu S, Yilmaz Y, Elcık D. Relationship Be-
tween C-Reactive Protein to Albumin Ratio and 
Coronary Collateral Circulation in Patients With 
Stable Coronary Artery Disease. Angiology 2021; 
72: 829-835.

 19) Deniz M, Ozgun P, Ozdemir E. Relationships be-
tween RDW, NLR, CAR, and APACHE II scores 
in the context of predicting the prognosis and 
mortality in ICU patients. Eur Rev Med Pharma-
col Sci 2022; 26: 4258-4267.

 20) Lucijanić M, Stojić J, Atić A, Čikara T, Osmani B, 
Barišić-Jaman M, Andrilovic ́ A, Bistrovic ́ P, Vrkljan 
AZ, Lagancic  ́M, Milosevic  ́M, Vukoja I, Ðerek L, 
Lucijanic  ́T, Zivkovic  ́NP. Clinical and prognostic 
significance of C-reactive protein to albumin ratio in 
hospitalized coronavirus disease 2019 (COVID-19) 
patients: Data on 2309 patients from a tertiary cen-
ter and validation in an independent cohort. Wien 
Klin Wochenschr 2022; 134: 377-384.

 21) Yildirim T, Kiris T, Avci E, Yildirim SE, Argan O, 
Safak O, Aktas Z, Toklu O, Esin FK. Increased 
Serum CRP-Albumin Ratio Is Independently As-
sociated With Severity of Carotid Artery Stenosis. 
Angiology 2020; 71: 740-746.

 22) Askin L, Askin HS. The association of C-reactive 
protein to albumin ratio with non-dipping status in 
hypertensive patients. Eur Rev Med Pharmacol 
Sci 2021; 25: 6678-6683.

 23) Ayca B, Akin F, Celik O, Yuksel Y, Ozturk D, Teki-
ner F, Cetin S, Okuyan E, Dinckal HM. Platelet to 
lymphocyte ratio as a prognostic marker in prima-
ry percutaneous coronary intervention. Platelets 
2015; 26: 638-644.

 24) Cil E, Karadeniz G, Yenigün S, Coraplı G. Eval-
uation of the relationships between procalcitonin 
and neutrophil/lymphocyte ratio and platelet/
lymphocyte ratio in patients with pneumonia. Eur 
Rev Med Pharmacol Sci 2022; 26: 3200-3205.

 25) Kalayci T, Kartal M. Significance of neutro-
phil-to-lymphocyte ratio, platelet-to-lymphocyte 
ratio, serum albumin and prognostic nutritional 
index as predictors of morbidity in super-elderly 
patients operated on for acute appendicitis. Eur 
Rev Med Pharmacol Sci 2022; 26: 820-827.

 26) Zencir C, Akpek M, Senol S, Selvi M, Onay S, 
Cetin M, Akgullu C, Elbi H, Gungor H. Associ-
ation between hematologic parameters and 
in-hospital mortality in patients with infective en-
docarditis. Kaohsiung J Med Sci 2015; 31: 632-
638.




