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Abstract

Objective—Previous studies have suggested that cytokines and growth factors may predict 

ventricular recovery following aortic valve replacement (AVR). The primary objective of this 

study was to identify cytokines that predict ventricular recovery following transcatheter AVR 

(TAVR).

Methods—We prospectively enrolled 121 consecutive patients who underwent TAVR. Standard 

echocardiographic assessment at baseline, 1-month and 1-year after TAVR included left 

ventricular (LV) mass index (LVMI) and global longitudinal strain (GLS). Blood samples were 

obtained at the time of the procedure to measure cytokines using a 63-plex Luminex platform. 

Partial least squares-discriminant analysis was performed to identify cytokines associated with 

ventricular remodeling and function at baseline as well as 1 year after TAVR.

Results—The mean age was 84±9 years, with a majority of male subjects (59%), a mean LVMI 

of 120.4±45.1 g/m2 and LVGLS of −13.0±3.2%. On average, LV mass decreased by 8.1% and 

GLS improved by 20.3% at 1 year following TAVR. Among cytokines assayed, elevated 

hepatocyte growth factor (HGF) emerged as a common factor significantly associated with worse 

baseline LVMI and GLS as well as reduced ventricular recovery (p<0.005). Other factors 
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associated with ventricular recovery included a select group of vascular growth factors, 

inflammatory mediators and tumor necrosis factors, including VEGF-D, ICAM-1, TNFβ, and 

IL1β.

Conclusion—We identified a network of cytokines, including HGF, that are significantly 

correlated with baseline LVMI and GLS, and ventricular recovery following TAVR.
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INTRODUCTION

With the aging population, degenerative calcific aortic stenosis (AS) has become more 

prevalent.1 AS is a progressive disease associated with inflammation and calcium deposition 

on the valve leaflets.2 In recent years, transcatheter aortic valve replacement (TAVR) has 

emerged as a safe and effective treatment option for patients with severe aortic stenosis (AS) 

who are at intermediate or high risk for surgery. Ventricular recovery following TAVR is, 

however, variable with some patients demonstrating greater improvement than others.

While several studies have reported that cytokines and growth factors are involved in 

myocardial hypertrophy, myocardial fibrosis, and myocardial dysfunction,3–5 their role in 

ventricular recovery following TAVR has not been extensively studied. Several circulating 

factors have been associated with adverse ventricular remodeling in pressure overload states 

including inflammasome associated cytokines (interleukin-18 and interleukin-1β), hepatic 

growth factor (HGF), and interferon-gamma pathway cytokines, while others have been 

associated with better adaptation such as vascular growth factors or tumor necrosis factors.
6–8 Based on these findings, we hypothesize that these factors could also be associated with 

adverse ventricular remodeling and less ventricular recovery after TAVR. Therefore, in this 

prospective cohort study, we sought to determine the circulating cytokines and growth 

factors associated with ventricular function in patients with severe AS, as well as structural 

and functional ventricular recovery after TAVR.

METHODS

Study Population

We prospectively recruited consecutive patients with symptomatic, severe AS who agreed to 

participate and were deemed to be at high surgical risk and therefore underwent TAVR 

between October 2013 and April 2015 at Stanford University Medical Center as part of an 

ongoing registry. Operative risk was determined by our Heart Valve Evaluation Team. 

Patients were deemed high-risk or inoperable if the Society of Thoracic Surgeons (STS) risk 

score was >8% or the Heart Team considered the patient to be high-risk or inoperable due to 

other factors not accounted for by the STS risk calculator. Patients with recent myocardial 

infarction, active cancer, and advanced liver disease were not considered for TAVR. Patients 

were excluded if they were currently on immunomodulatory therapy such as prednisone or 

other immunosuppressive therapy or on dialysis.
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Study protocol

Echocardiography was performed at baseline before TAVR and repeated at 1-month and at 

1-year following TAVR per usual protocol and reanalyzed by the Stanford Cardiovascular 

Institute Biomarker and Phenotypic Core Laboratory. Blood samples were obtained at the 

time of the procedure prior to deployment of the valve. Serum and plasma were stored at 

−80°C until assayed. The protocol was approved by the Stanford Institutional Review Board, 

and written informed consent was obtained from each participant.

Echocardiographic Assessment

Echocardiography was performed using commercially available echocardiographic systems 

(Sonos 7500, iE33, and EPIQ 7C; Philips Medical Imaging, Eindhoven, the Netherlands), 

according to the American Society Echocardiography guideline recommendations.9 Aortic 

valve area was calculated using the continuity equation. Peak and mean systolic transaortic 

pressure gradients were calculated using the simplified Bernoulli equation from the same 

angle, either apical 5- or 3-chamber view.10 Severe aortic stenosis was defined as an aortic 

valve area (AVA) ≤ 1.0 cm2 or indexed AVA (AVAI) ≤ 0.6 cm2/m2 and/or mean systolic 

aortic gradient > 40 mmHg or peak velocity across the aortic valve > 4 m/sec.11 In the 

setting of LV systolic dysfunction and low-flow, low-gradient AS, the severity of AS was 

confirmed by low-dose dobutamine stress echocardiography.

Standard echocardiographic views were obtained in M-mode, two-dimensional (2D) and 

color tissue Doppler modes. LV end-systolic and end-diastolic volumes and ejection fraction 

(LVEF) were calculated using biplane Simpson’s method. LV internal diameter and 

interventricular septal and posterior wall thicknesses were obtained at end-diastole from the 

2D image. LV mass was obtained by area-length method and LV mass index was calculated 

as LV mass normalized by body surface area. LV global longitudinal strain (GLS) was 

measured using Lagrangian strain by the average values of longitudinal strain obtained from 

the apical 4-, 3-, and 2-chamber views.12 We measured the myocardial length in end-diastole 

(L0) and in end-systole (L1) and calculated strain values as 100 × (L1−−L0)/ L0.13 The 

coefficient of variation was 2.2 for LS for intra-observer variability and 7.6 for LS for inter-

observer variability in our Stanford Biomarker and Phenotypic Core Laboratory.12 In this 

study, ventricular remodeling (or cardiac remodeling) refers to changes in the size, shape, 

structure, and function of the heart. Ventricular size in our study was defined by using the 

diastolic left ventricular internal dimension scaled to height or BSA, geometrical remodeling 

of the heart was mainly assessed using relative wall thickness; and ventricular function was 

assessed with LV longitudinal strain. Furthermore, significant ventricular recovery was 

defined as improved LV mass index (relative change ≥ 20%), or increased GLS (relative 

change ≥ 15%).

Blood sample preparation and cytokine analysis

Blood sampling was performed after anesthesia had been administered but before the aortic 

valve was treated. We used a 63-plex Luminex bead kit (Affymetrix, Santa Clara, CA) 

customized at Stanford University Human Immune Monitoring Core facility. Each sample 

was measured in duplicates. Plates were read using a Luminex LabMap200 instrument.14 

The Luminex LabMap200 outputs the fluorescence intensity of each bead measured for a 
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given cytokine in a sample. For each well, we considered the median fluorescence intensity 

(MFI) of all beads measured for a given cytokine and averaged the MFI of the two 

replicates. By design, samples of patients with AS were matched on each plate to minimize 

inter-plate variability. Five plates were used for the assays and the coefficient of variation 

between assays for all biomarkers was < 15% for all cytokines. The complete list of 

cytokines assayed is shown in Supplementary Table 1.

Statistical methods

Categorical variables were compared using Pearson’s chi square test or Fisher’s exact test, 

as appropriate. Normality of the continuous variables was confirmed with the Shapiro-Wilk 

test. Comparisons of continuous variables between baseline and follow-up were performed 

using either the paired t-test or the Wilcoxon signed rank sum test, as appropriate. Repeated 

ANOVA was used to compare echocardiography data from the three time points (baseline, 1-

month and 1-year). Univariate analysis was performed to determine the clinical variables 

associated with LV function parameters such as LV mass index and GLS. Then, parameters 

with p value < 0.15 were entered to multivariate analysis.

For the cytokine analysis, Partial Least Squares (PLS) regression analysis was used to 

identify groups of cytokines associated with baseline and ventricular remodeling and 

function at 1 year after TAVR, accounting for age, sex, aortic valve stenosis severity and 

history of ischemic heart disease as these parameters contribute to LV function. PLS creates 

several linear combinations (latent factors) and then uses the composites as principal 

components in discrimination. The importance of each cytokine in the construction of the 

latent factors is assessed from the variable’s importance in projection (VIP) scores of Wold. 

Cytokines with VIP > 1.5 were considered influential. A p value <0.05 was defined as 

statistically significant. SAS software, version 9.3 and JMP Genomics (SAS Institute, Cary, 

NC), SPSS version 21 (SPSS Inc, Chicago, Illinois), and MedCalc version 15.8 (MedCalc 

Software, Belgium) were used for the analysis. Correlation matrix plot was created using 

Hmisc, and ggcorrplot packages in R (version 3.3.2). Partial correlation analysis was 

performed using MedCalc version 15.8.

RESULTS

One hundred and twenty one consecutive patients were enrolled in this study. The mean age 

was 84±9 years and 56% were men (Table 1). Table 1 and 2 summarize the clinical and 

echocardiographic characteristics of enrolled patients. Transfemoral, transaortic, and 

transapical approaches were used in 101 (83%), 15 (12%), and 5 (4%) patients, respectively. 

Baseline echocardiographic examination was performed in all patients at Stanford 

University Medical Center and repeated in 83 patients at 1-year after TAVR. Nineteen 

patients (16%) died at 1-year and 19 patients were followed by their local cardiologist, as 

follow-up echocardiogram at 1 year at Stanford University Medical Center was 

recommended but not required per protocol. All serum samples were successfully analyzed 

with the multiplex Luminex panel and passed all quality control criteria.
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LV remodeling and function at baseline and its association with cytokines

The mean AVA, AVAI, peak transaortic pressure gradient, and mean transaortic pressure 

gradient of the population confirmed severe AS (Table 1). As shown in Supplementary 

Figure 2, echocardiographic parameters were distributed widely. In contrast to LVEF, GLS 

was abnormal in the majority of patients (95%) (Supplementary Figure 2-A and B). As 

expected, we found positive correlations between baseline LV function parameters, 

including GLS, LVMI, LAVI and E/e’ (Supplementary Figure 3). Furthermore, we found 

male sex to be correlated to LV mass (r=0.27, p=0.003), and that male sex (beta=−0.32, 

p<0.001) and AVAI (beta=0.20, p=0.02) independently correlated with absolute value of 

GLS in multivariate analysis (R2=0.18).

Cytokine and growth factor network explained part of the variance in LV mass index (12.2% 

of variance) and GLS (16.2% of variance) as summarized in Table 2. Higher hepatocyte 

growth factor (HGF) was related to higher LV mass index (variance importance in 

projection, VIP=2.91) and lower GLS (VIP=1.37) (Figure 1A–B). Higher intercellular 

adhesion molecule (ICAM) 1, and tumor necrosis factor (TNF) β were related to higher LV 

mass index, while lower interleukin (IL) 1β, Eotaxin, epithelial neutrophil (ENA) 78, and 

CD40 ligand (CD40L) were related to higher LV mass index. Higher IL-15, monocyte 

chemotactic protein (MCP)-3, vascular endothelial growth factor (VEGF)-D, and lower 

ENA78 levels were related to lower GLS.

Dynamic change of cardiac function after TAVR

Echocardiographic parameters at 1-year after TAVR are shown in Table 1. After TAVR, 

mean and peak transaortic gradient decreased, and AVAI increased. Forty-three patients 

(52%) had no or trivial perivalvular aortic regurgitation, 31 (37%) had mild, and 9 (11%) 

had mild to moderate. 13 patients received a Corevalve, 5 patients received Portico valves, 

and the remaining patients received Sapien valves (XT and S3). LV function parameters 

such as LV mass index, GLS, and E/e’ ratio improved at 1-year, while LA volume index did 

not change significantly. Supplementary Figure 2-A and 2-B show the change at 1-month 

and 1-year in LV mass index and GLS, respectively, after TAVR in 83 patients with 

echocardiograms available at all 3 time points. Among patients who completed 1-year 

follow-up echocardiography after TAVR, LV mass index and GLS changed significantly 

(116±42 vs. 103±35 g/m2, p<0.001 for LV mass index and −12.9±3.3 vs. −14.9±2.7%, 

p<0.001 for GLS). As shown in Supplementary Figure 2-C, in 32% of patients LV mass 

index improved (relative change ≥ 20%) and in 66% of patients it remained stable (−20% < 

relative change < 20%) at 1-year, while in 47% GLS increased (relative change ≥ 15%) and 

in 52% of patients it remained stable (−15% < relative change < 15%). The cut off value; 

relative 15% change, was defined according to the intravariability in this study. An 

exploratory analysis of clinical outcomes among patients with more or less ventricular 

recovery at 1 month following TAVR showed that GLS improvement at 1 month correlates 

with improved mortality (median follow up 12.5 months, Cox regression p=0.008; 

Supplementary Table 2).
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Association between baseline cytokine and structural and functional recovery post TAVR

Table 2 summarizes the cytokines related to changes in LV mass index and GLS. The values 

were adjusted for age, sex, and baseline values of LV mass index or GLS respectively. 

Change in GLS was additionally adjusted for body mass index as it emerged as one of its 

correlates. Higher HGF was associated with less improvement in LV mass index (VIP=2.36) 

and less improvement in GLS (VIP=1.47) (Figure 1). Higher levels of growth factors such as 

fibroblast growth factor (FGF) and epidermal growth factor (EGF) were related to a greater 

reduction in LV mass index (VIP=1.85 and 1.75, respectively). Other factors included TNF-

β, IL-9, and IFN-α for change in LV mass, and IL-21, IL-1A, TRAIL, and macrophage 

inflammatory protein-1A (MIP-1 α) for change in GLS.

The identified cytokines showed a highly correlated pattern of expression, consistent with 

multiple cytokines in the assay belonging to common pathways (Figure 2A). A partial 

correlation diagram was created focused on the different pathways that emerged in the 

analysis including selected growth factors, inflammatory factors, factors associated with 

tumor necrosis factor pathway; we also included leptin and Resistin as BMI was associated 

with GLS changes (Figure 2B). Growth factors mainly had positive correlations with TNF 

family or inflammatory cytokines while they had negative correlations with vascular factors.

DISCUSSION

In this study, we measured in detail the ventricular structure and function before and after 

TAVR, and identified a group of circulating cytokines that correlate with reverse remodeling 

and functional recovery following TAVR in patients with severe AS. Several different classes 

of cytokines were involved, including growth factors, vascular factors and inflammatory 

cytokines.

As previous studies have shown, we found patients undergoing TAVR to have a variable 

degree of ventricular hypertrophy and dysfunction at baseline. It is unclear what factors lead 

to the variability in LV remodeling. Severity of the aortic stenosis is reported to have little 

effect on the variability.15 Consistent with other studies16, 17, we also found that sex 

accounts for part of the difference in ventricular adaptation following TAVR.

In order to assess for ventricular recovery, a sensitive method of ventricular function 

measurement is required. Global longitudinal strain is emerging as a useful metric of 

ventricular function in AS. As highlighted by our study, ventricular strain was more sensitive 

in identifying ventricular dysfunction than bi-plane measurement of LVEF. In fact, most 

patients who are undergoing TAVR due to symptomatic AS appear to have LV dysfunction 

based on GLS. Mechanistically, ventricular strain can be altered because of the increased 

ventricular afterload, the presence of myocardial ischemia or interstitial fibrosis.18 Fabiani et 

al. also demonstrated that myocardial fibrosis was associated with alteration of regional and 

global longitudinal strain.19

Although the process of ventricular recovery following TAVR is likely multifactorial and 

complex, it appears to be prognostic for improved outcome following TAVR.20 Weidemann 

et al. demonstrated that fibrosis was associated with adverse ventricular remodeling, 
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incomplete LV functional recovery, and worse cardiovascular outcomes after AVR.21 The 

fibrotic process can be dependent on multiple signaling processes, however, inflammation is 

known to be a critical driver of the process.22, 23 Despite the importance of inflammation in 

progression of cardiomyopathy, there are limited data on the role of cytokines in the 

progression of subclinical LV remodeling in AS. Our study is the first to explore the 

cytokine and growth factor networks associated with ventricular adaptation in patients with 

AS and its recovery following TAVR.

Among cytokines that emerged from this study, HGF was most significantly associated with 

both baseline LV mass index and GLS as well as their dynamic changes (Table 2). HGF is a 

growth factor excreted by tissue of mesenchymal origin, and is specifically expressed in 

smooth muscle cells and cardiac fibroblasts in the cardiovascular system. Previous studies 

found HGF levels to correlate with adverse outcomes in patients with heart failure.7, 24, 25 

Experimental studies have shown that HGF and its receptor c-Met exert beneficial effects in 

the setting of cardiovascular injuries by counteracting apoptosis, excessive autophagy and 

oxidative stress through pro-survival and antioxidant activities, and forming new vessels 

from the pre-existing vascular bed and increasing blood flow.26, 27 Furthermore, HGF have 

been shown to reduce cardiac fibrosis in mice by inhibiting endothelial-mesenchymal 

transition and conversion of fibroblasts to myofibroblasts.28 Given the likely beneficial 

effects of HGF in response to cardiac injury, the correlation found in this study is likely a 

reflection of the degree of cardiac injury and fibrosis in AS, and the subsequent restorative 

response.

An association between HGF and ventricular remodeling has also been reported in patients 

with other disease processes. Kuznetsova et al. recently investigated ventricular adaptation 

among patients with systemic hypertension and demonstrated that the level of HGF was 

increased in patients with hypertension who had evidence of adverse LV remodeling or 

diastolic dysfunction.29 Lamblin et al. also showed that elevated level of HGF was 

associated with LV remodeling after myocardial infarction.25 The identification of HGF 

across these different disease states suggest that aortic stenosis, hypertension and infarction-

induced LV remodeling may in part occur through a common pathway. Identification of such 

pathways may advance our understanding of LV remodeling and dysfunction and lead to 

novel therapeutics. In fact, treatment with HGF proteins and overexpression plasmids in 

animal models have shown improvement in LV function exposed to pressure overloaded 

states.28

Our exploratory analysis identified several vascular growth factors, inflammatory mediators 

and tumor necrosis factor pathways that could contribute to a ventricular recovery network 

and will require further validation. These identified cytokines form a principle component, 

based on our method of PLS which cluster cytokines depending on the measurement 

patterns to identify a latent factor, and hence are likely functionally connected. Based on 

search of publicly available data, we found evidence that HGF containing module was 

distinct to the inflammasome-related cytokines and was connected to the other modules of 

inflammatory cytokines identified from our analysis at the gene expression and protein 

levels (Supplementary Figures 5 and 6). In contrast, C-reactive protein was the least 

associated with other identified cytokines consistent with its lack of association with 
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baseline ventricular remodeling or functional recovery in our study. Further study is needed 

to test if these factors associated with improved LV function following TAVR can 

meaningfully improve prediction of patients who will benefit from TAVR. HGF and other 

cytokines have been shown to improve reclassification of risk for adverse outcomes in heart 

failure,30 but our selected panel of cytokines may be able to improve the risk classification 

further specific to the TAVR candidates.

Circulating levels of ICAM1 has also been shown to correlate with cardiac dysfunction and 

HF.31, 32 Experimental evidence suggests that ICAM1 becomes up-regulated, mediating T-

cell infiltration in the LV in response to pressure overloaded states to regulated cardiac 

remodeling. Further, ICAM1-deficient mice models were protected from adverse cardiac 

remodeling following transverse aortic constriction (TAC) through mechanism that include 

reduced fibrosis and monocyte and T-cell mediated inflammation.33 VEGF-D is a member 

of the vascular endothelial growth factor family, that is known to promote 

lymphangiogenesis and angiogenesis, and was also found to be significantly up-regulated in 

mouse models of pressure overload HF and ischemic cardiomyopathy in response to injury.
34–36

Several limitations in our study should be taken into account. First, although supported by 

previous studies and mechanistic plausibility, this study is underpowered to analyze the 

association between cytokine network and overall mortality and thus is intended to be 

exploratory and warrants validation in large independent cohorts. The study is also 

underpowered for any subgroup analyses due to the small cohort. Further studies will be 

important to identify whether these circulating biomarker profiles will be able to improve 

risk stratification and selection of patients who will benefit most from TAVR. Second, only 

the baseline cytokines profile was included in this study, not allowing for serial assessment. 

Finally, we only analyzed resting ventricular recovery parameters, which fail to capture the 

extent of functional recovery that not only depends on ventricular response to exercise but 

also peripheral muscle physiology.

In conclusion, we found that sex and baseline AVAI only explain a small part of the 

variability in LV function in patients with AS. Among circulating cytokine and growth 

factors, HGF emerges prominently as a factor associated with both baseline ventricular 

remodeling and function as well as ventricular structural and functional recovery following 

TAVR. Future studies are needed to validate these findings and to identify the mechanism of 

ventricular adaptation associated with TAVR.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Ventricular recovery following TAVR can be assessed by echocardiogram.

Ventricular recovery following TAVR correlates with improved survival.

Cytokines and growth factors correlate with ventricular recovery following TAVR.
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Figure 1. V-plots for PLS-DA models generated with VIP and correlation coefficient values
Variable’s importance in projection (VIP) scores and correlation coefficients are plotted as 

v-plots for PLS-regression analysis performed against (A) baseline LVMI, (B) baseline GLS, 

(C) absolute change in LVMI, and (D) absolute change in GLS at 1 year. The cytokines with 

VIP >1.3 are labeled, which represent the cytokines most responsible for construction of the 

latent factor in PLS analysis.
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Figure 2. Correlation matrix plot and Partial correlation diagram between cytokines
Selected cytokines based on the associations emerged from the PLS analyses and literature 

were used to create a (A) correlation matrix plot and a (B) partial correlation diagram. (A) 

The matrix plot was created using a dissimilarity matrix of 1-abs(correlation) and heatmap.2 
function in R with hierarchical clustering with r values for individual correlations plotted in 

color grade. Highly co-regulated pattern of expression is found among the cytokines. (B) 

Multiple pathways appear to be involved in ventricular remodeling, and these pathways 

correlated with each other. All lines represent statistically significant partial correlations 

(p<0.05). The full lines represent direct correlations and dashed lines show inverse 

correlations. Thicker lines show stronger relationship (r>0.18: very pale line, r>0.30: thin, 

r>0.50, normal caliber line, r > 0.70: very thick thin).
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Table 1

Clinical characteristics and echocardiographic parameters

Patients
(n=121)

Patients with follow-up
echocardiogram

(n=83)

Age (years) 83.7±9.0 82.7±9.1

Male sex, n (%) 71 (59) 48 (58)

BSA (m2) 1.86±0.24 1.88±0.26

BMI (kg/m2) 27.1± 6.1 27.5± 6.6

STS-score 8.0±4.1 7.4±3.4

Frailty ≥ II, n (%) 74 (61) 63 (76)

NYHA functional class ≥ III, n (%) 64 (53) 42 (51)

Comorbidity

  Hypertension, n (%) 101 (84) 67 (81)

  Dyslipidemia, n (%) 86 (71) 59 (71)

  Diabetes mellitus, n (%) 38 (31) 25 (30)

  History of coronary artery disease*, n (%) 70 (58) 48 (58)

  CKD grade ≥ III, n (%) 94 (78) 63 (76)

1-year mortality, n (%) 19 (16) NA

Echocardiographic parameters at baseline and 1-year follow-up

Baseline
(n=121)

Baseline
(n=83)

1-year
(n=83)

P value**

Heart rate (bpm) 73±13 73±14 73±13 0.93

Systolic blood pressure (mmHg) 125±17 124±16 135±16 <0.001

Diastolic blood pressure (mmHg) 69±12 70±11 68±11 0.20

Left ventricular internal diameter (cm) 4.7±0.9 4.7±0.9 4.8±0.8 0.24

Interventricular septum (cm) 1.2±0.2 1.2±0.2 1.1±0.2 0.001

Posterior wall (cm) 1.2±0.2 1.2±0.2 1.1±0.2 <0.001

LV mass index (g/m2) 120.4±45.1 116.0±42.8 103.4±34.6 <0.001

LVEF (%) 54.1±12.7 54.2±13.0 59.6±9.1 <0.001

GLS (%) −13.0±3.2 −12.9±3.3 −14.9±2.7 <0.001

e’ (cm/s) 5.2±1.4 5.3±1.6 5.8±1.8 0.03

a’ (cm/s) 6.2±2.6 6.5±2.8 6.6±2.4 0.88

E/e’ 24.9±10.9 24.5±11.5 20.4±9.9 0.001

LAVI (ml/m2) 47.8±14.8 48.1±15.9 47.0±17.8 0.36

AS severity

Aortic valve area (cm2) 0.62±0.18 0.62±0.16 1.38±0.41 <0.001

Aortic valve area index (cm2/m2) 0.34±0.09 0.33±0.08 0.74±0.23 <0.001

Mean trans-aortic pressure gradient (mmHg) 50.2±15.5 51.1±14.2 10.5±5.3 <0.001

*
includes history of myocardial infarction in 28 patients (23%), bypass surgery in 38 patients (31%), and percutaneous coronary intervention in 36 

patients (30%).

**
p values are between echocardiograms at Baseline (n=83) and 1-year (n=83).
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BMI, body mass index; BSA, body surface area; CKD, chronic kidney disease; LA, left atrial; LVEF, left ventricular ejection fraction; NYHA, New 
York Heart Association; STS-score, Society of Thoracic Surgeons risk score; GLS, global longitudinal strain; LAVI, left atrial volume index; LV, 
left ventricular.
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Table 2

Cytokines related to baseline and change in LVMI and GLS as Identified by PLS Analysis

Characteristics LV mass index Absolute GLS Change in LV mass index
(g/m2)

Change in absolute GLS
(%)

% variation explained by latent factors

For predictor variables (cytokines) 14.8 45.3 36.4 48.7

For outcome variables (LV indexes) 12.2 16.2 9.42 26.0

N of used latent factors 1 2 1 2

P value 0.0009 0.0012 0.0037 0.0002

Factor VIP +/− Factor VIP +/− Factor VIP +/− Factor VIP +/−

Top Cytokines responsible for outcome HGF 2.91 + VEGF-D 2.11 − HGF 2.36 + IL21 1.73 −

ICAM-1 1.88 + IL15 1.54 − TNFβ 2.66 − TRAIL 1.72 −

TNFβ 1.79 + MCP3 1.42 − IL9 2.16 − MIP1A 1.48 −

Eotaxin 2.54 − HGF 1.37 − IFNα 1.90 − HGF 1.47 −

CD40L 1.80 − ENA78 2.17 + FGF 1.85 − IL1A 1.47 −

IL1B 1.64 − EGF 1.75 −

ENA78 1.55 −

LV mass index and GLS were adjusted for age and sex. Changes in LV mass index and GLS were adjusted for age and sex and baseline variable 
(LV mass index or GLS). Baseline and changes in GLS was additionally adjusted for BMI. P-values are for the associations between outcome and 
latent factors. VIP, variance importance in projection; GLS, global longitudinal strain. +/− = positive/negative association.

*
refers to cytokines, chemokines, growth factors, colony-stimulating factors and interferons (list of abbreviation is provided in Supplementary 

Table 1)

Int J Cardiol. Author manuscript; available in PMC 2019 November 01.


	Abstract
	INTRODUCTION
	METHODS
	Study Population
	Study protocol
	Echocardiographic Assessment
	Blood sample preparation and cytokine analysis
	Statistical methods

	RESULTS
	LV remodeling and function at baseline and its association with cytokines
	Dynamic change of cardiac function after TAVR
	Association between baseline cytokine and structural and functional recovery post TAVR

	DISCUSSION
	References
	Figure 1
	Figure 2
	Table 1
	Table 2

