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ABSTRACT 

Objective: Transcatheter aortic valve replacement (TAVR) is a minimally invasive 
procedure employed to treat aortic valve disease in patients who are ineligible for open-

heart surgery. Undergoing TAVR patients generally include the elderly and frail. 

Malnutrition is associated with high morbidity and mortality in patients with undergoing 

TAVR. The aim of this study was to investigate the prognostic value of the prognostic 

nutritional index (PNI) for two-year survival after TAVR. 

Material and Methods: A cohort of 213 consecutive patients with severe aortic stenosis 
who underwent transcatheter aortic valve replacement between March 2019 and July 

2021. The study population was divided into two groups according to the cut-off PNI 

level in a receiver operator characteristic (ROC) curve analysis. The two-year follow-up 

results of the patients were recorded retrospectively. PNI was defined according to the 

following formula: PNI = (10 x serum albumin [g/dl]) + (0.005 x total lymphocyte counts 

[1000/mcL]).  

Results: Mean age of the patients was 76.15, and 93 (43.7%) of them were males. 

Patients with low PNI (group 1) were significantly older. The mean PNI of group 1 was 

43.17 ± 4.04 and the mean PNI of group 2 was 54.23 ± 4.30. Mortality at two-year was 

32.6% in low PNI group and 10.7% in high PNI group. Hypertension and PNI were 

independent predictors of mortality after TAVR. In ROC curve analysis, PNI at a cut off 

value of 48.325 predicted the mortality after TAVR with 63.5% sensitivity and 70.1% 

specificity. Kaplan-Meier curves for two-year mortality between low and high PNI 

groups showed worse outcomes in patients with low PNI. 

Conclusion: PNI is a practical and useful nutritional index that predicts two-year 

mortality after TAVR. 

Keywords: mortality, prognostic nutritional index, transcatheter aortic valve replacement 

 

 

 

 

 

Research Article 

Received 24-08-2023  

Accepted 01-09-2023  

Available Online: 01-09-2023 

Issue Publication: 30-09-2023 

Distributed under 

Creative Commons CC-BY-NC 4.0 

OPEN ACCESS 

 

INTRODUCTION 

Aortic stenosis is the most common valvular disease in developed countries and its 

prevalence is rapidly increasing due to the ageing population (1). Transcatheter aortic valve 

replacement (TAVR) is a minimally invasive procedure employed for the treatment of 

aortic valve disease in patients who are considered ineligible or high-risk for traditional 

open-heart surgery (1, 2). 

Therefore, this group of patients undergoing TAVR generally includes elderly and frail 

patients. In addition to more comorbid risk factors in elderly patients, malnutrition and 
cognitive dysfunction also contribute to perioperative morbidity and mortality risk. This 

patient population has a high risk of morbidity and mortality. The increased risk of 

perioperative complications in elderly patients needs to be considered.  

Early prediction of mortality risk in this group with elderly patients allows to reduce the 

mortality risk by taking protective and preventive precautions against this risk. Surgical 

risk scores have been used to predict mortality in various patient groups for many years. 

They are not sufficient to predict mortality and morbidity after TAVR. Other scores need to 

be developed for better risk prediction in these patients. 
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Malnutrition is a common condition in the elderly patient 

population (3). It is especially common in patients with 
cardiovascular disease and hospitalized patients (4,5). 

Previous studies have shown that patients with malnutrition 

have higher mortality rates after cardiovascular diseases and 

interventional procedures (6,7,8). Several parameters have 

been used to assess nutritional status in patients undergoing 

TAVR, but none of these parameters are yet used in clinical 

routine except the well-known Body Mass Index (BMI) (9). 

Some of these scores include the Geriatric Nutritional Risk 

Index (GNRI), body surface area (BSA) and the Controlling 

Nutritional Status (CONUT) scale (10,11,12). Malnutrition is 

associated with high morbidity and mortality in patients with 

severe aortic stenosis undergoing TAVR (3,13,14).  

The Prognostic Nutrition Index (PNI) definition was first 

used by Buzby et al. in gastrointestinal surgery patients (15). 

PNI includes both lymphocyte count and albumin level. It 

was analyzed in cancer patients and showed that lower PNI 

values were associated with worse outcomes (16,17). 

Recently, the prognostic value of the PNI score has also been 

examined in various cardiovascular diseases, including heart 

failure and patients with acute coronary syndrome (18,19,20). 

Studies are showing that low PNI value is also an indicator of 

poor prognosis in patients with advanced heart failure (21). 

The aim of this study was to investigate the prognostic value 
of PNI for two-year survival following TAVR. 

MATERIAL and METHODs 

This study was planned as a single-center retrospective study. 

The study population consisted of 213 consecutive patients 

with severe aortic stenosis who underwent transcatheter aortic 

valve replacement between March 2019 and July 2021. The 

implanted valves included two types of delivery systems 

available: self-expandable and balloon-expandable. Patients 

with acute infection, hematological diseases, chronic kidney 

disease, chronic liver disease, systemic inflammatory and 

autoimmune diseases, patients who received blood and blood 

product or albumin replacement in the last three months, and 

malignancy were excluded. All decisions regarding the 

performance of TAVR were made by a heart council 
following a thorough evaluation that included clinical, 

echocardiographic, and computed tomography assessments. 

The study protocol received approval from the Institutional 

Ethics Committee.  

Patients’ medical records were used to obtain data about 

medical history, including demographic parameters and 

cardiovascular risk factors. Venous blood samples were 

obtained at admission. Patients without crucial nutritional 

data or with severe malnutrition were excluded. Therefore, 

the patients included in the study had no significant 

malnutrition. Albumin levels and lymphocyte count were 
measured to allow PNI estimation. Albumin and lymphocyte 

counts were determined at the first venous blood test after 

hospitalization. The 24-month follow-up results of the 

patients were recorded retrospectively. Survival was 

prospectively assessed based on outpatient visits or national 

medical records system. The primary endpoint in our study 

was overall two-year mortality. PNI was defined according to 

following formula: PNI = (10 x serum albumin [g/dl]) + 

(0.005 x total lymphocyte counts [1000/mcL]) (22).  

 

Statistical analysis: 

Statistical analyses were performed using SPSS Statistics 
version 21.0 for Windows (SPSS Inc, Chicago, IL). The 

distribution pattern was tested with the Kolmogorov-Smirnov 

method. Continuous variables were presented as mean, 

standard deviation, or median and interquartile range. The 

student’s t-test was used to compare data with normal 

distribution, and Mann-Whitney U test was applied to 

compare the data without normal distribution.  

Categorical variables were presented as numbers and 

proportions and compared with the chi square test. Receiver-

operating characteristics (ROC) curve analysis was used to 

determine the optimum cutoff value for PNI to predict 

mortality. Subsequently, the study population was divided 
into two groups: those with low PNI and those with high PNI, 

based on the cut-off value determined through ROC curve 

analysis. Cox regression analysis was used to assess the effect 

of different variables on clinical outcomes.  

The variables for which the unadjusted P value was < 0.25 in 

univariate Cox regression analysis were included in the 

multivariable Cox regression model. The survival curves for 

PNI were analyzed using the Kaplan-Meier method, and 

statistical assessment was performed using the log-rank test. 

A p value < 0.05 was considered statistically significant for 

all analyses. 

RESULTs 

A total of 213 patients were included in the study. Patients 
were divided into two groups as low PNI (group 1) and high 

PNI (group 2) according to the threshold value on the receiver 

operating characteristic (ROC) curve. Mean age of the 

patients was 76.15 and 93 (43.7%) of them were males. 

Baseline demographics, clinical, and laboratory parameters 

are presented in Table 1. 

There is no significant difference in terms of gender between 

both groups. Patients with low PNI (group 1) were 

significantly older (78.34 ± 7.69 vs 74.48 ± 8.73 years; 

p<0.001). CT-calcium score and systolic pulmonary artery 

pressure were higher in group 1. The mean PNI of group 1 

was 43.17 ± 4.04, and the mean PNI of group 2 was 54.23 ± 
4.30. Left ventricular ejection fraction, albumin, hemoglobin, 

white blood cell, lymphocyte and e-GFR were significantly 

higher in group 2. Mortality at 2 years was 32.6% in low PNI 

group and 10.7% in high PNI group(p<0.001).  

A multivariate Cox-regression analysis revealed that 

hypertension and PNI were independent predictors of 

mortality after TAVR (Table 2). In receiver operating 

characteristic (ROC) curve analysis, PNI at a cut off value of 

48.325 predicted the mortality after TAVR with 63.5% 

sensitivity and 70.1% specificity. (AUC=0.751; 95% CI = 

0.67 - 0.83; p < 0.001) (Figure 1). In addition, Kaplan-Meier 
curves between low and high PNI groups for 2-year mortality 

showed worse outcomes in patients with low PNI (p = 0.001) 

(Figure 2). 
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Table 1. Comparison of groups according to the baseline demographics, clinical and laboratory characteristic 

 Group 1 – Low PNI (n=92) Group 2 – High PNI (n=121) p value 

Age 78.34 ± 7.69 74.48 ± 8.73 <0.001 
Male Gender, n (%) 44 (47.8) 49 (40.5) 0.285 

Hypertension, n (%) 72 (78.3) 103 (85.1) 0.113 
Diabetes Mellitus, n (%) 37 (40.2) 54 (44.6) 0.461 
CAD, n (%) 54 (58.7) 78 (64.5) 0.365 
BMI 28.68 ± 6.95 30.24 ± 5.79 0.343 
AVA (cm2) 0.71 ± 0.14 0.68 ± 0.15 0.287 
Mean aortic gradient (mmHg) 48.83 ± 11.99 48.30 ± 10.96 0.744 
CT, calcium score  3167.6 ± 1729.3 2568.4 ± 1409.8 0.010 
PNI 43.17 ± 4.04 54.23 ± 4.30 <0.001 

LVEF (%) 49.09 ± 13.76 53.54 ± 11.00 0.011 
SPAP (mmHg) 44.11 ± 14.50 38.44 ± 11.28 0.002 
Albumin (g/L) 37.14 ± 3.53 43.41 ± 3.31 <0.001 
Total cholesterol (mg/dl) 155.0 ± 41.2 152.4 ± 55.3 0.543 
LDL (mg/dl) 90.13 ± 32.3 91.95 ± 48.5 0.492 
HDL (mg/dl) 41.32 ± 10.41 41.64 ± 11.92 0.872 
Hemoglobin (g/dl) 11.68 ± 1.69 12.60 ± 1.62 0.001 
Platelet (109/L) 233.28 ± 86.01 267.89 ± 83.32 0.874 

WBC (109/L) 7.23 ± 2.90 8.23 ± 2.27 0.008 
Neutrophil (109/L) 5.13 ± 2.92 5.16 ± 1.98 0.910 
Lymphocyte (109/L) 1.26 ± 0.46 2.16 ± 0.67 <0.001 
CRP (mg/dL) 0.15 ± 0.18 0.12 ± 0.15 0.517 
e-GFR (%) 60.93 ± 24.38 69.24 ± 21.47 0.010 
Death, n (%) 30 (32.6) 13 (10.7) <0.001 
Continuous data are presented as mean ± standard deviation, or median ± interquartile range 

CAD: coronary artery disease, BMI: body mass index, AVA: aortic valve area, CT: computed tomography, PNI: prognostic nutritional 

index, LVEF: Left ventricular ejection fraction, SPAP: systolic pulmonary arterial pressure, LDL-C: low density lipoprotein cholesterol, 

HDL-C: high density lipoprotein cholesterol, WBC: white blood cell, CRP: C-reactive protein, e-GFR: estimated-glomerular filtration 

rate. 

 

Table 2. Cox-regression analysis for prediction of two-year mortality 
 

 

Factor 

Univariable Multivariable 

HR  ( 95% CI) p value HR  ( 95% CI) p value 

Age   1.006 (0.961-1.053) 0.795 
Male gender 1.081 (0.873-1.276) 0.687 - - 
Hypertension 2.123 (1.045-5.356) 0.012 2.309 (1.098-4.853) 0.027 

CT Valve score 1.123 (1.024-1.253) 0.04 1.001 (0.999-1.002) 0.778 
LVEF 0.873 (0.789-0.981) 0.003 0.993 (0.967-1.019) 0.583 
SPAP 0.993 (0.987-0.999) 0.05 0.994 (0.970-1.018) 0.620 

PNI 0.832 (0.798-0.911) <0.001 0.877 (0.823-0.934) <0.001 
Hemoglobin 0.932 (0.723 -1.012) 0.122 0.945(0.755-1.184) 0.626 
e-GFR 0.964 (0.932-1.002) 0.083 0.987 (0.973-1.001) 0.074 

CT: computed tomography, LVEF: Left ventricular ejection fraction, SPAP: systolic pulmonary arterial pressure, PNI: prognostic 

nutritional index, e-GFR: estimated-glomerular filtration rate. 

 

 
Figure 1. Receiver operating characteristics curve analysis of PNI in predicting two-year mortality after TAVR. 
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DISCUSSION 

This study investigated the effect of PNI value on two-year 
mortality in patients who underwent TAVR for severe aortic 

stenosis. This study showed that a low PNI value was a strong 

independent predictor of two-year mortality. 

PNI is a formula that combines serum albumin levels and 

lymphocyte counts, providing insight into a patient's 

nutritional status.This is easy to assess. Both albumin levels 

and lymphocyte counts are commonly available parameters in 

routine blood tests. Therefore, it can be a very practical 

method to assess nutritional status before TAVR. By 

combining basic laboratory parameters, PNI may allow a 

rapid risk stratification before TAVR and better selection of 
suitable patients.  

Experts have suggested that studies may benefit from 

including frailty markers related to risk stratification in 

TAVR. However, no studies have assessed the effect of all 

these markers on 2-year outcomes (23,24). Several studies 

have focused on the effect of specific frailty markers on 

predicting 1-year outcomes after TAVR. In another study, a 

scoring system was designed to predict mortality after TAVR 

(24). Albumin level was also included in this scoring system. 

Similarly, some studies used low serum albumin level to 

indicate frailty (25).  

Both hypoalbuminemia and low lymphocyte count have been 
suggested to predict mortality after TAVR (26,27). Low 

albumin levels reflect malnutrition, whereas low lymphocyte 

counts reflect immunosuppression. Thus, PNI provides a 

combined evaluation of nutritional and immune status in 

patients with cardiovascular diseases. Several studies have 

shown that serum albumin levels decrease in the presence of 

inflammation (20,22). This situation also indicates 

catabolism. Therefore, the association between low albumin 

levels and mortality can be predicted. In our study, low 

lymphocyte and albumin levels were associated with 

mortality.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

According to our study, PNI seems to be a useful tool for risk 
stratification before TAVR; a low PNI value before TAVR is 

associated with high mortality in the first year after TAVR. 

These results agree with some previous studies (28,29). In 

another study, the mean age of the patients was 82.20 years, 

and 59.7% of the patients were male, whereas in our study, 

the mean age was 76.15 years, and the male sex ratio was 

43.7% (28). Median PNI values differ in patients with 

different cardiovascular diseases or undergoing different 

treatment modalities. A specific cut-off value for the 

prognostic use of PNI may be required for each disease or 

treatment. In some studies, patients were categorized 
according to the median value, whereas in our study, patients 

were categorized according to the threshold value obtained 

from the ROC curve (28). Therefore, we think that our 

classification is statistically more significant. 

Other objective nutritional indices have also been analyzed in 

TAVR populations. The GNRI has been shown to predict 

outcomes after TAVR in previous series (10,28,30). Although 

GNRI seems to be a good index for risk stratification in this 

population, our study suggests that PNI may be a better 

indicator. Although PNI seems to be easier and more feasible 

than other nutritional indexes, more studies are needed to 

evaluate the predictive ability of PNI. In another study, an 
assessment questionnaire called mini nutritional assessment 

(MNA) was applied to the TAVR population. This 

questionnaire was associated with one-year mortality after 

TAVR (31). However, this subjective assessment tool may 

not be appropriate in this geriatric population. This population 

may not be able to report the questions with absolute 

accuracy.  

Study Limitations 

This study has several limitations. First, it has a retrospective 

and single-center design which may limit the generalizability 

of its results. This value needs to be validated in a larger 
population, although a cut-off value of PNI has been 

suggested for the TAVR population. In this study, we 

presented two-year mortality findings.  

 
Figure 2. Kaplan-Meier survival curve 
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However, longer follow-up is needed to assess the association 

of PNI with longer-term outcomes. Finally, in-hospital 
mortality could not be statistically evaluated due to sample 

size. It is crucial to conduct studies with larger patient 

populations to determine the prognostic role of PNI in in-

hospital mortality. 

CONCLUSION 

Our study demonstrates that PNI is a practical and valuable 

nutritional index for predicting 2-year mortality following 

TAVR. Serum albumin and lymphocyte count serve as 

indicators of a patient's nutritional and inflammatory status 

before TAVR and significantly influence prognosis. 
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