
tic value and may help in risk stratification [4]. Complications 
during TAVI and hospitalizations after are associated with high-
er mortality rates and increase the burden on local health sys-
tems [5]. A simple, non-invasive and cost-effective marker of 
inflammation is the neutrophil-to-lymphocyte ratio (NLR) [6]. 
It is usually a part of the routine complete blood count (CBC). 
This marker has been shown to predict cardiac arrhythmias, pro-
gression of valvular heart disease, congestive heart failure de-
compensation, acute kidney injury, and mortality in cardiovas-
cular patients and is also an independent predictor of ventricular 
dysfunction as neutrophils increase the inflammatory response 
by macrophage activation and release free radicals thus damag-
ing the cardiomyocytes [7-11]. Past studies, in smaller popula-
tions, have shown that NLR represents ongoing inflammation 
and is associated with poor clinical outcomes [12-15]. We eval-
uated the association between NLR and clinical outcomes in a 
significant largeand contemporary group of TAVI patients.

We performed a retrospective study of the Tel Aviv Sourasky 
Medical Center TAVI registry, which included patients who un-
derwent TAVI for severe aortic stenosis between the years 2009 
and 2019 [16,17]. Data regarding these patients were used for our 
analysis. The study was authorized by the medical center's Hel-
sinki committee (approval number: TAPAS PAVI 0409-11). Clin-
ical, demographic, echocardiographic, and procedural variables 
were available from the electronic medical records. Outcome data 
were defined per the valve academic research consortium-2 con-
sensus (VARC-2) [18]. Mortality data were abstracted from the 
Israeli Ministry of the Interior Affairs records. The primary end-
point was 3 years mortality. Secondary endpoints were procedural 
complications. We collected results of CBC (with differential) on 
the day of admission. The results included total neutrophil and 
lymphocyte count. NLR was calculated using the ratio between 
these two variables. Data were available for 1530 patients; 198 
patients were excluded due to long-term steroid treatment or any 
kind of immune suppression and 180 patients were excluded due 

The pathologic process of aortic stenosis includes chronic 
inflammation of a calcified valve and is responsible for fi-

brosis, remodeling, and further calcification [1]. Transcatheter 
aortic valve implantation (TAVI) is the recommended treatment 
for severe aortic stenosis patients at risk for surgical aortic valve 
replacement [2]. The number of patients treated by TAVI is in-
creasing yearly, thus there is a need for constant improvement 
in patient selection and follow-up [3]. Evaluating the inflamma-
tory process in TAVI patients has been shown to be of prognos-



to missing data, leaving 1152 patients available for analysis. Neu-
trophil and lymphocyte values were reported in cell counts per 
liter while NLR was calculated as a ratio. 

Categorical variables were reported as numbers and percentages 
and compared using Chi square test. Continuous variables were 
reported as mean ± standard deviation (SD) or as median and in-

terquartile range (IQR) (Q1,Q3) and compared using the inde-
pendent samples -test or Mann–Whitney test and were tested for 
normal distribution using the Shapiro-Wilk test and histograms. 
The cohort was divided according to the NLR median. Hazard 
ra tios (HR) and 95% confidence intervals (95%CI) were report-
ed for the main study outcomes measures. Multivariable Cox re-
gressions were used to evaluate associations with mortality. All 
models were assessed for proportional hazard assumption using 
time-dependent variable approach. To create all multivariable 
models, a stepwise forward Wald was used to select the covariates 
for the final models. A two-tailed  value < 0.05 was considered 
statistically significant. Statistical analyses were performed using 
IBM Statistical Package for the Social Sciences statistics soft-
ware, version 25 (SPSS, IBM Corp, Armonk, NY, USA).

>



A total of 1152 patients were included in the study, 44.2% were 
male. Patients were followed for a mean period of 1250 ± 783.5 
days. Patients were divided into two groups according to the 
median NLR value of 4.1. Low NLR group mean was 2.6 ± 0.8, 
high NLR group mean was 9.4 ± 8.2. Baseline characteristics 
are presented in Table 1. There were small differences between 
the groups in periprocedural risk (STS score and left ventricular 
ejection fraction) but baseline risk factors were similar (diabe-

tes mellitus, dyslipidemia, smoking and hypertension). Patients 
with high NLR had more periprocedural complications [Table 2] 
with more need for blood transfusions ( = 0.016) and higher 
risk for stroke ( = 0.049). At follow-up, 702 (60.9%) of pa-
tients were alive. Univariate analysis was performed to examine 
the association between the two NLR groups and mortality at 3 
years post TAVI [Table 3]. Patients with NLR above the medi-
an had a 26.4% mortality rate vs. 16.3% in patients with NLR 
below the median ( < 0.001). A Cox-regression multivariable 
survival model [Figure 1] was performed to adjust for possi-
ble confounders and included STS score, atrial fibrillation, age, 



anemia (defined as hemoglobin levels lower than 12 mg/dl for 
females and 13 mg/dl for males), and left ventricular ejection 
fraction. NLR was found to be an independent variable for mor-
tality (HR = 1.47, 95%CI 1.09–1.99, = 0.013). Univariable 
and multivariable analysis results are presented in Table 3. In 
the model presented in Table 3, age, atrial fibrillation/flutter, 
and STS score were also found to be independently linked to 
mortality in TAVI patients. 

Our study evaluated a group of 1152 patients who underwent 
TAVI and examined their post procedure prognosis using NLR. 
The median NLR value of 4.1, was associated with increased 
frailty, higher peri-procedural complications and increased mor-
tality during follow-up of up to 3 years.

Baseline characteristics showed that high NLR patients also 
tended to suffer more from anemia, atrial fibrillation and pre-
vious artery disease and also had higher risk scores prior to the 
procedure. Peri-procedural, these patients tended to need more 
blood transfusions and suffer from stroke. It is worth mention-
ing that the need for more blood transfusions in the high NLR 

group can be attributed to baseline anemia as mentioned before. 
Anemia in itself can be explained by systemic inflammation as-
sociated with high NLR.

Follow up time was chosen to be 3 years due to the fact that 
our study population was relatively older (mean 83 years of 
age). At this follow-up time our data proved to be the most re-
liable as longer follow up time would result in confounding re-
sults.NLR was associated with higher mortality rates at 3 years 
as an independent marker. The 4.1 NLR cut-off point was found 
useful as a prognostic marker. It is worth mentioning that ROC 
curve analysis yieldedless optimal results with area under the 
curve -0.583 and the best cutoff value was 5.73 with near 40% 
specificity and sensitivity

Systemic inflammation has been widely studied in clinical 
settings in the last years. Certain markers were used for this 
purpose, one of them is NLR. Furthermore,patients with higher 
NLR tend to be frail and older [19]. The general population in 
the United States has average NLR values of 2.15 and the value 
has been known to rise in chronic inflammation [20]. The val-
ues reported as the one mentioned in previous sentence were 
retrieved from adult, active, non-geriatric population and the 
range in the mentioned study is between 0.78 and 3.53. Our me-



dian cut-off is higher to the nature of the subjects in question.
NLRas a marker is known to be associated with medical 

conditions such as arrhythmias, acute coronary events and heart 
failure exacerbations. These associations can be explained by 
the fact that neutrophils are a marker of ongoing inflammation 
while lymphocytes play a role in immunoregulation and inhibi-
tion of the inflammatory response [7]. 

Specifically, this marker was linked with adverse outcomes in 
TAVI patients in some recent studies [14,15,21]. A previous study 
by Khalil et al. showed NLR to be predictive of all-cause-mortal-
ity one-year post TAVI [14]. An NLR value of 4 and above, pri-
or to the procedure, was predictive of complications post TAVI.
Biochemically, it is assumed that elevation of certain cytokines 

inflammatory state at baseline thus inhibits the recovery of left 
ventricular functions [22]. We must mention that our study ex-
amined a longer time frame andour cut-off point was similar. Our 
study datawas larger and yielded more significant results. 

There are several scores used to predict in-hospital and 
out-of-hospital complications and mortality in TAVI patients such 
as the EuroSCORE II, STS and FRANCE-2 [23]. Yet, none of 
these scores considers biomarkers. It was suggested in previous 
studies that biomarkers of inflammation such as C-reactive pro-
tein, interleukin (IL)-6, IL-8, and growth/differentiation factor-15 
can be of value in predicting TAVI outcomes [24]. A combina-
tion of clinical, physical, echocardiographic, and laboratory data 
might be the ultimate combination to help stratify patients at risk. 
Our study results show NLR is an independent marker, which 
might assist in adding this value to known scores and variables. It 
may help to identify those who would not benefit from TAVI and 
those who may require extensive monitoring or pre-procedural 
blood products and iron supplement. NLR ratio is routinely de-
rived as a part of a CBC and thus is easy and simple to use.

Clinical relevance of a prognostic marker might be used for 
the pre-procedural time frame as TAVI might be performed using 
general anesthesia or sedation and the preparation for the proce-
dure might be different in patients at high risk of complications 
or death. It is unclear whether decreasing NLR (or inflammation 
in general) might improve outcomes post-TAVI; however, it may 
lead to better peri-procedural management of TAVI patients.

Our study has several limitations. It is an observational, retro-
spective, single-center study. NLR cut-off point was chosen as 
it was the median value and thus may be limited to our study 
population further studies are needed to assess this new tool for 
other populations undergoing TAVI. Regarding our data analy-
sis, several statistical methods were attempted to improve the 
results of our study, such as different regression models, multi-
variate analysis, and ROC curve. None of the methods improved 
the results of our study. We did not report all methods used due 
to the lack of improvement.

Our study in not comparative and we did not measure NLR 
against any other laboratory value. As mentioned in the discus-
sion and Table 1, anemia was found to be significantly different 
between our study groups and in accordance was adjusted for in 
the statistical regression as a possible confounder, this fact should 
be kept in mind while reading our results. We excluded patients 
with inflammatory conditions that might alter test results and 
therefore this study results cannot be used to evaluate risk in these 
patients. NLR ratio was evaluated pre-procedural only and was 
not compared to any post-procedural values. In addition, we have 
no data regarding prior baseline NLR values of our study popula-
tion other than the one blood test prior to the procedure.

NLR is another important independent marker of mortality 
among TAVI patients. We recommend adding NLR value to 
previous known methods of assessment. Large, long-term, pro-
spective studies are necessary to truly examine the significance 
of NLR.This should especially be tested in conjunction and in 
comparison, to other known prognostic variables.



Shuai and colleagues show that the replication of 
Omicron is substantially attenuated in human Calu3 and 

that Omicron is inefficient in its use of transmembrane 
serine protease 2 (TMPRSS2) compared with wild-type 
severe acute respiratory syndrome coronavirus 2 (SARS-

explain its reduced replication in Calu3 and Caco2 cells. 
The replication of Omicron is markedly attenuated in both 

hACE2 mice compared with that of the wild-type strain 

ameliorated lung pathology. Compared with wild-type 

Delta variants, infection by Omicron causes the lowest 
reduction in body weight and the lowest mortality rate. 
Overall, the study demonstrated that the replication and 
pathogenicity of the Omicron variant of SARS-CoV-2 in 
mice is attenuated compared with the wild-type strain and 
other variants.

pandemic, a variety of mutations accumulated in the 
viral genome of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) and, at the time of this study, 
four variants of concern were considered to be potentially 

remained unclear. Saito and colleagues showed that the 

more pathogenic than prototypic SARS-CoV-2 in infected 

was highly conserved in this lineage, facilitated cleavage 
of the spike protein and enhanced viral fusogenicity. 

pathogenicity compared with its parental virus. These data 

was associated with enhanced pathogenicity.


