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The Prognostic Nutritional Index May Predict Left Atrial Appendage Thrombus or Dense Spontaneous Echo Contrast in Patients With Atrial Fibrillation
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Objectives: The prognostic nutritional index (PNI) is an independent predictor of adverse outcomes in patients with cardiovascular diseases. The presence of left atrial appendage thrombus (LAAT) or spontaneous echo contrast (SEC) is associated with ischemic stroke. The present study aimed to investigate the relationship between the PNI and LAAT/dense SEC in patients with non-valvular atrial fibrillation (AF).

Methods: In patients with non-valvular AF, we compared demographics, clinical characteristics, and prevalence of LAAT/dense SEC according to the levels of the PNI. The relationship between the PNI and LAAT/dense SEC was observed.

Results: A total of 406 patients with non-valvular AF were consecutively included from March 2015 to February 2019. Of the study population, 53 patients had LAAT/dense SEC. The percentages of LAAT/dense SEC were 20.4, 14.1, and 4.5% in subjects from the lowest to the highest tertile of the PNI, respectively. Multivariate logistic analysis demonstrated that the PNI was an independent predictor for LAAT/dense SEC (OR 0.89; 95% CI, 0.82–0.97; P = 0.007). Receiver operating characteristic curve analysis revealed that the optimal cutoff value of the PNI for predicting LAAT/dense SEC was 48.0 (area under the curve: 0.68; 95% CI, 0.61–0.75; P < 0.001). The sensitivity and specificity were 83.0 and 47.6%, respectively. The risk of LAAT/dense SEC in patients with a PNI ≤ 48.0 was 2.57-fold higher than that in those with a PNI > 48.0.

Conclusion: The PNI, calculated based on serum albumin and lymphocyte count, was inversely correlated with LAAT/dense SEC in patients with non-valvular AF. Therefore, it may be considered a predictor for LAAT/dense SEC.
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INTRODUCTION

Atrial fibrillation (AF) is the most sustained cardiac arrhythmia in the clinical setting (1). Ischemic stroke is one of the most severe complications caused by AF (2). Approximately 90% of thrombi originate in the left atrial appendage (LAA) (3). Spontaneous echo contrast (SEC) is a marker for a hypercoagulable state (4). Previous investigations indicated that dense SEC was associated with ischemic stroke even after catheter ablation (5) and LAA closure (6). Transesophageal echocardiography is usually performed in patients with AF who were candidates for procedure or cardioversion to exclude thrombi in the left atrium (LA). However, it was not a routine examination for the other AF patients during outpatient follow-up. Therefore, it is essential to identify patients at risk of LAA thrombus (LAAT) or SEC and provide appropriate treatment to protect patients from stroke.

The prognostic nutritional index (PNI) is a simple index comprised of serum albumin and lymphocyte count that reflects the immunonutritional status. It was shown to be associated with poor outcomes of cardiovascular diseases (7–9). Recently, a low PNI was reported as an independent predictor for incident AF (10) and AF recurrence after ablation (11). However, whether PNI could serve as a prognostic biomarker for LAAT/dense SEC remains unknown. Thus, we conducted this study to assess the association between PNI and LAAT/dense SEC in patients with AF.



MATERIALS AND METHODS


Study Population

Non-valvular AF patients who were candidates for percutaneous LAA closure between March 2015 and February 2019 were reviewed. The exclusion criteria were patients with (1) mechanical valves or moderate-to-severe mitral stenosis; (2) chronic kidney disease (estimated glomerular filtration rate < 60 mL/min/1.73 m2), malignancy, connective tissue diseases, or chronic systemic disease; and (3) recent acute infectious or inflammatory disease, high body temperature > 38°C, and white blood cell count > 12 × 109/L or < 4 × 109/L. Finally, a total of 406 patients were included in the study (Figure 1).
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FIGURE 1. Study flow chart. AF, atrial fibrillation; LAA, left atrial appendage; PNI, prognostic nutritional index; LAAT, left atrial appendage thrombus; SEC, spontaneous echo contrast.


This study was conducted in compliance with the law protecting personal data in accordance with the guidelines of the Helsinki Declaration. The study was approved by the Ethics Committee of Ningbo First Hospital and written informed consent was obtained from all patients.



Data Collection

The demographic and clinical data were collected from the electronic medical database. Oral anticoagulation (OAC) medication, including warfarin, dabigatran, and rivaroxaban, was also recorded. Blood samples were collected for analysis on the same day before the echocardiography examination. Parameters from the complete count test (neutrophil count, lymphocyte count, and hemoglobin) and biochemical test (serum creatinine, albumin, total cholesterol, and uric acid) were recorded. Transthoracic and transesophageal echocardiography were performed 24 h before the procedure. The gain was continuously adjusted until acquisition of the best image. The left ventricular ejection fraction (LVEF) was determined using Simpson’s biplane method.



Definitions

The PNI was calculated using the following formula: 10 × serum albumin value (g/dL) + 0.005 × total lymphocyte count (per mm3) (8). The neutrophil-to-lymphocyte ratio (NLR) was calculated by the following equation: total neutrophil count/total lymphocyte count. The presence or absence of LAAT or SEC was determined by 2 experienced echocardiographers. Thrombus was defined as an echodense mass with uniform tissue that is different than that of the LA endocardial wall (12). SEC was defined as an echogenic, swirling pattern of blood flow at the standard gain setting during the cardiac cycle and was graded according to Fatkin classification (13). SEC graded 3 or greater was considered dense.



Statistical Analysis

The study population was divided into three groups according to the tertiles of the PNI. Continuous variables were expressed as the mean ± standard deviation and compared among groups using ANOVA. Categorical variables were described as percentiles and compared among groups by Pearson’s chi-square or Fisher’s exact test.

The relationship between the PNI and LAAT/dense SEC was conducted using logistic analysis. The initial model was unadjusted, followed by multivariate analysis including the variables with a P-value < 0.1 in univariate analysis and potential risk factors for LAAT/SEC (e.g., CHA2DS2-VASc score and OAC medication). Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated.

A receiver operating characteristic curve (ROC) was generated to assess the ability of the PNI to predict LAAT/dense SEC. The optimal cutoff value for the PNI was determined with the highest Youden index. All statistical analyses were performed with SPSS 19.0 (IBM, Armonk, NY, United States), and a P-value < 0.05 (2-tailed) was considered statistically significant.




RESULTS


Baseline Characteristics

A total of 406 patients were included in this study. The baseline characteristics are displayed in Table 1. Patients with a low PNI were significantly older. The medical history and OAC medications were similar among the three groups. The neutrophil count was similar among the groups. However, the lymphocyte count was lower, resulting in a higher NLR level, in patients with a low PNI. Serum albumin, hemoglobin, and total cholesterol were greater in subjects with higher PNI tertiles. A total of 53 patients had LAAT/dense SEC detected on TEE. Patients with LAAT/dense SEC had a lower percentage of paroxysmal AF and diabetes mellitus, lower lymphocyte count, and serum albumin, greater NLR, and larger LA diameter (Supplementary Table 1).


TABLE 1. Baseline characteristics of the study population according to PNI.
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Prognostic Nutritional Index and Left Atrial Appendage Thrombus/Dense Spontaneous Echo Contrast

The percentages of LAAT/dense SEC were 20.4, 14.1, and 4.5% in PNI tertiles 1–3, respectively (Table 1). The PNI was lower in the individuals with LAAT/dense SEC (45.0 ± 4.0 vs. 47.9 ± 4.5; P < 0.001; Supplementary Table 1). A lower PNI was associated with a higher prevalence of LAAT/dense SEC in the univariate logistic regression analysis. In the multivariate analysis model, the PNI was an independent predictor for LAAT/dense SEC (OR 0.89; 95% CI, 0.82–0.97; P = 0.007; Table 2). In addition, elevated NLR showed a positive relationship with increased LAAT/dense SEC (Table 2). ROC analysis revealed that the optimal cutoff value of the PNI for predicting LAAT/dense SEC was 48.0 (area under the curve: 0.68; 95% CI, 0.61–0.75; P < 0.001; Figure 2). The sensitivity and specificity were 83.0 and 47.6%, respectively. Multivariate logistic regression showed that a PNI ≤ 48.0 was independently associated with LAAT/dense SEC (OR 3.57; 95% CI, 1.41–9.02; P = 0.007; Table 2).


TABLE 2. Univariate and multivariate logistic regression models to identify the in predictors of LAAT/dense SEC.
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FIGURE 2. ROC curve of the PNI for predicting LAAT/dense SEC. Area under the curve was 0.68 (95% CI, 0.61–0.75, P < 0.001). The optional cutoff value of the PNI was 48.0 (sensitivity 83.0%, specificity 47.6%). PNI, prognostic nutritional index; LAAT, left atrial appendage thrombus; SEC, spontaneous echo contrast.





DISCUSSION

In the present study, lymphocyte count and serum albumin were both lower in patients with LAAT/dense SEC. Multivariate logistic regression analysis showed that the PNI was an independent predictor for LAAT/dense SEC. The risk of LAAT/dense SEC in patients with a PNI ≤ 48.0 was 2.57-fold higher than that in those with a PNI > 48.0.

The PNI was initially used as a prognostic index in patients with cancer (14, 15). A lower PNI was associated with a higher mortality risk. The PNI was then applied to cardiovascular diseases, including acute myocardial infarction (8), acute heart failure (7), and atrial fibrillation (10). All studies indicated that the PNI was an independent predictor of clinical outcomes, and the predictive power of the PNI was higher than that of albumin or lymphocyte count alone. Recently, Engin et al. reported that a low PNI was a risk factor for postoperative AF in patients undergoing coronary artery bypass grafting (10). Furui et al. found that the AF recurrence rate after catheter ablation was higher in patients with undernutrition than in those with normal nutrition stratified by nutrition scoring tools (11).

Paar et al. examined the influence of albumin on blood coagulation in vitro. The changes in hemostatic profiling indicated increased primary hemostasis, improved platelet aggregation, and enhanced clot formation in the low albumin group. Therefore, they claimed that low albumin levels might contribute to frequently occurring venous thromboembolism (16). Pennington et al. reported that lower serum albumin was an independent predictor for venous thromboembolism in patients with spinal tumors (17). In a prospective cohort study, decreased serum albumin was associated with an increased risk of venous thromboembolism (18). Therefore, low serum albumin may be a marker of a hypercoagulable state. However, the role of nutritional markers in the LAA thrombogenic milieu is still unknown.

To our knowledge, this study was the first to investigate the association of the PNI with LAAT/dense SEC in patients with AF. We found that the PNI was inversely related to LAAT/dense SEC. The PNI is a composite indicator of inflammation (lymphocytes) and nutritional status (serum albumin). Therefore, the findings of the current study may be explained as follows. First, patients with a low PNI demonstrated malnutrition. We also found that hemoglobin and total cholesterol levels were significantly lower in subjects with a low PNI. Once LAAT is detected, OACs should be prescribed for at least 3 weeks, and repeated transesophageal echocardiography should be performed (19). Both warfarin and NOACs have been proven to be effective in the treatment of LAAT (20). However, in patients with nutritional problems, food interaction may influence the efficacy of OACs (especially warfarin) for thromboembolic prevention (21). A recent investigation demonstrated that OAC changing was associated with LA/LAA thrombus resolution in more than 50% of cases, especially after a switch to a new full-dose NOAC (22). Therefore, direct oral anticoagulants may be preferred to warfarin due to fewer food interactions (23). Second, inflammation may play a role in the thrombogenic milieu in the present study. Although neutrophil count was comparable between patients with high and low PNI values, it was significantly higher in patients with LAAT/dense SEC than in those without LAAT/dense SEC. INR, an inflammatory marker, was greater in patients with either increased PNI values or LAAT/dense SEC. Previous studies demonstrated that there was an apparent link between thrombogenesis and inflammation (24, 25).

There is currently no evidence that induction of elevated serum albumin levels (such as albumin infusion, nutrition improvement, and protein supplementation, etc.) reduces the risk of LAAT/dense SEC. However, the measurements of serum albumin and lymphocyte count are recommended to be involved in routine follow-up to investigate the trend of the PNI and the clinical benefit of whether serum albumin plays a role in the prevention of LAAT/dense SEC. It should be noted that a low PNI, indicating decreased serum albumin and lymphocyte count levels, implies a poor nutritional state, which usually leads to poor clinical outcomes.

There were several limitations in the current study. First, this was a single-center, retrospective, and observational study. Therefore, the exact causal relationship between the PNI and LAAT/dense SEC is unknown. Second, although we used multivariable analysis, we could not exclude the possibility of residual unmeasured covariables that might influence the outcomes. Third, patients in the current study were candidates for percutaneous LAA closure with relatively high stroke and/or bleeding risk. Whether these results can be extended to all AF patients is unknown.



CONCLUSION

This study was the first to investigate the association between the PNI and LAAT/dense SEC in patients with non-valvular AF. The results indicated that the PNI was inversely correlated with LAAT/dense SEC. Therefore, it may be considered a predictor for LAAT/dense SEC. Further prospective studies with a larger number of patients are required to validate our findings.
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1.04 (0.99-1.09)
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P-value

0.134
0.395

0.093
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OR, odds ratio; ClI, confidence interval; PNI, prognostic nutritional index; LAAT, left atrial appendage thrombus; SEC, spontaneous echo contrast; AF, atrial fibrillation; TIA,
transient ischemic attack; NLR, neutrophil-to-lymphocyte ratio; LA, left atrium; LVEF, left ventricular ejection fraction; LAA, left atrial appendage; OAC, oral anticoagulation;

PN, prognostic nutritional index.
aMultivariate model 1: including age, sex, paroxysmal AF, DM, LA diameter, CHA,DS,-VASc score, NLR, OAC medication, and PNI.

b Multivariate model 2: including age, sex, paroxysmal AF, DM, LA diameter, CHA2DS2-VASc score, NLR, OAC medication, and PNI < 48.0.
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<45.5 45.5-49.3 >49.3
N 137 135 134
Age, years 711 +£8.9 70.0+83 67.0+87  <0.001
Male, n (%) 96 (70.1) 83 (61.5) 79 (59.0) 0.136
Body mass index, 239+ 35 246+ 3.7 245+3.2 0.221
kg/m?
Paroxysmal AF, n (%) 8 (27.7) 6 (34.1) 46 (34.3) 0.362
Hypertension, n (%) 88 (64.2) 91 (67.4) 92 (68.7) 0.727
Diabetes mellitus, n (%) 0(14.6) 4 (17.8) 26 (19.4) 0.566
Congestive heart 0(14.6) 7 (12.6) 5(11.2) 0.701
failure, n (%)
Previous TIA/stroke, n 97 (70.8) 98 (72.6) 95 (70.9) 0.935
(%)
CHAoDS,-VASC score, 4.6 +1.5 47+15 4.4+16 0.283
points
Laboratory
parameters
Neutrophil count, 10%/L 3.8 + 1.4 3.8+14 39+13 0.858
Lymphocyte count, 1.2+038 15+04 1.9+ 05 <0.001
10%/L
NLR 34 +16 26+141 22+1.0 <0.001
Hemoglobin, g/L 1827 £184 136.4+22.3 1421 £15.5 <0.001
Serum creatinine, 78.9 +23.3 75.5+18.8 73.7 £ 18.1 0.105
pmmol/L
Serum albumin, g/L 36.8 +2.6 39.8+24 42.9 + 3.1 <0.001
Total cholesteral, 35+1.0 3.8+1.1 41 +£141 <0.001
mmol/L

Uric acid, wmmol/L 352.4 +£96.4 353.8+90.3 354.4+89.7 0.983
Echocardiograph

parameters
LA diameter, mm 453+ 7.5 451+ 7.7 441+ 6.8 0.346
LVEF,% 609 +7.4 61.8+7.0 62.8+5.3 0.064

LAA orifice diameter, 248 +£4.8 25.0+£52 243+47 0.475
mm

LAA depth, mm 30.0+5.9 289+57 294+55 0.255
LAAT/dense SEC, n (%) 28 (20.4) 19 (14.1) 6 (4.5) <0.001
OAC medications, n (%) 0.738
None 0(14.6) 7(12.6) 1(15.7)
Warfarin 32 (23.4) 37 (27.4) 36 (26.9)
Dabigatran 53 (38.7) 58 (43.0) 47 (35.1)
Rivaroxaban 2 (23.4) 23 (17.0) 0 (22.4)

PNI, prognostic nutritional index; AF, atrial fibrillation; TIA, transient ischemic attack;
NLR, neutrophil-to-lymphocyte ratio; LA, left atrium; LVEF, left ventricular ejection
fraction; LAA, left atrial appendage, LAAT, left atrial appendage thrombus; SEC,
spontaneous echo contrast; OAC, oral anticoagulation.
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