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Abstract
Aim: Aortic valve diseases are associated with myocardial fibrosis. The 

relationship between severity of myocardial fibrosis and left ventricular 
mass reduction (LVMR) after aortic valve replacement (AVR) still needs to be 
elucidated.

Material and methods: In a single-center, retrospective trial, 130 
patients underwent AVR with/without concomitant surgery. The study 
population was divided by etiology into aortic stenosis (AS) and aortic 
regurgitation (AR) groups. LV end-diastolic diameter, LV septal and posterior 
thicknesses, LV mass, and aortic annulus were obtained in all study patients. 
Left ventricular mass regression index (iLVMR) was found by the difference 
between preoperative iLVM and follow-up iLVM.  iLVMR in months was 
calculated by divided iLVMR on the number of months before follow-up 
visit. Myocardial tissue was embedded in paraffin, and sectioned into 4 µm 
slices for histological staining (picrosirius red) and scanning. The fraction of 
myocardial volume occupied by collagen tissue was determined.

Results: The left ventricular remodeling of AS and AR patients is 
presented in Table 3. There was significant LV mass reduction in both aortic 
valve disease groups in the follow-up period (AS group, p<0.001; AR group, 
p<0.05). The number of LVH cases decreased in both groups in the follow-up 
period (AS group, p<0.001; AR group, p<0.05). In Post-AVR period the ejection 
fraction of LV did not improve in the AS group, compare to AR group (p<0.05). 
In both groups number of patients with impaired LV EF was increased in 
Post-AVR period, but not significantly.  Moreover, the LV septal thickness, 
and iLVEDD significantly decreased in the AS group (p<0.001 and p<0.001), 
compared to the AR group (p=NS, p<0.05).

We did not found correlations between MF and LVM in preoperative, 
and follow-up periods for AS and AR groups. Moreover, MF did not correlate 
significantly to iLVMR and iLVMR in months. A significant correlation exists in 
AS patients between MF and preoperative iLVEDD (r =0.21, p=0.04).

Conclusion: The LVM reduction was observed in both AS and AR groups. 
LVM of AS group recovered more quickly than that of AR group. In our study 
MF does not affect LVM regression. Large cohort of patients with myocardial 
biopsies and long-term follow-up are needed to access the impact of the MF 
on the LVMR.
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Introduction
Aortic valve diseases, especially aortic stenosis, 

represent the most common pathology in the growing 
population. The gold standard of treatment in most cases 
remains an aortic valve replacement (AVR). However, 
modern implanted cardiac prosthesis valves still cannot 

outrival native cardiac valves. This leads to low left 
ventricle mass regression (LVMR), a worsened quality of 
life, and the maintenance of heart failure symptoms after 
AVR [1]. Moreover, poor LV remodeling leads to a high 
mortality [2]. 
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Aortic valve diseases are associated with myocardial 
fibrosis (MF) [3]. Myocardial fibrosis is a result of a variety 
of quantitative and qualitative changes in the myocardium, 
leading to the development of cardiac dysfunction. It is mainly 
characterized by dysregulated collagen turnover and excessive 
diffuse collagen accumulation. Many of the supporting 
data derived from non-human cardiac tissues have dubious 
applicability to human myocardium. Moreover, recent data 
showed that diffuse fibrosis after AVR can regress [4] and 
predicts mortality [5] according to late gadolinium enhancement 
by cardiovascular magnetic resonance. On the other hand, MF 
failed to resolve 9 months post AVR [6] and did not influence on 
the mortality rate [7]. Aim of our study was to assess relationship 
between the myocardial fibrosis and the LV remodeling after 
AVR.

Materials and methods
In a single-center, retrospective trial, 130 patients 

underwent AVR with/without concomitant surgery. The study 
population was divided by etiology into aortic stenosis (AS) and 
aortic regurgitation (AR) groups. In the pre-AVR and post-AVR 
periods (6.77±2.05 months), 130 and 97 patients underwent 
echocardiography, respectively. 

Echocardiography
The following LV measurements and aortic valve 

parameters were obtained in all patients: LV end-diastolic 
diameter, LV septal and posterior thicknesses, LV mass, and 
aortic annulus. The LV ejection fraction (EF) was determined 
using the Simpson biplane method. Low LVEF refers to EF < 
45%. Left ventricular function was assessed from the short axis 
of the parasternal view, and left ventricular hypertrophy (LVH) 
was defined by linear measurements as 95 g/m2 in women and 
115 g/m2 in men [8]. Left ventricular mass regression index 
(iLVMR) was found by the difference between preoperative 
iLVM and follow-up iLVM.  iLVMR in months was calculated 
by divided iLVMR on the number of months before follow-up 
visit. 

All Doppler measurements were averaged during sinus 
rhythm for three cardiac cycles and for five cardiac cycles with 
rhythm disturbance. Doppler echocardiography during the 
Pre-AVR and Post-AVR visits was performed with a protocol 
developed for this study. Transthoracic imaging was performed 
by one of three highly trained sonographers using the Philips 
EPIQ 7G and Philips CX50. For each case, 2D images and 
colour-flow Doppler in multiple views were included. 

Histological analysis
Myocardial tissue was procured from 130 stable patients 

undergoing elective AVR surgery, embedded in paraffin, and 
sectioned into 4 µm slices for histological staining and scanning. 
Myocardial tissue was obtained from the basal part of the 
interventricular septum of patients undergoing AV replacement. 
For each case, formalin-fixed, 10% paraffin-embedded sections 
were produced for histological analysis. There were no 
procedure-related complications observed.

The fraction of myocardial volume occupied by collagen 
tissue was determined by quantitative morphometry with an 
automated image analysis system (motorized Olympus BX61 
microscope, Evolution QEi camera and Media Cybernetics 
ImagePro AMS software) in sections stained with collagen-
specific picrosirius red. The collagen volume fraction was 
assessed as divided the sum of the fibrotic areas of the section 

by that of the total tissue area expressed as a percentage [10]. 
The patients were classified according to the myocardial fibrosis 
severity on mild (MF is <20%), moderate (MF is 20%-30%), 
severe (MF is >30%). Figure 1 illustrates histological specimens 
stained with picrosirius red showing 0.2% (A) and 21.5% (B) of 
interstitial MF (red color). The endocardium and perivascular 
area were excluded from the analysis. 

All human sections were acquired from Kaunas clinics of 
Lithuanian University of Health Sciences. This research protocol, 
using stored samples without a link with patient identities, was 
approved by the Ethics Committee of the Lithuanian University 
of Health Sciences. Informed consent was obtained from all 
patients.

Statistical analysis
All normally distributed data are expressed as means ± 

standard deviations or numbers (percentages). Continuous data 
with non-normal distributions are represented as the median 
(interquartile range). Differences between continuous variables 
were tested using Student’s t-test or the Mann–Whitney test, 
depending on whether the data were normally distributed or 
not. Differences between categorical variables were evaluated 
using chi-squared or Fisher’s exact tests. Relations between 
MF and LV parameters were analyzed through the Spearman 
correlation coefficient. Paired T-tests were used to examine the 
echocardiographic difference of preoperative and postoperative 
data. The difference was considered significant when the p-value 
was less than 0.05. All statistical analyses were performed using 
the IBM SPSS Statistics for Windows version 27.0 (IBM Corp., 
Armonk, NY, USA).

Results
Preoperative data of AS and AR groups were not 

significantly different, except for the time from the first symptom 
(Table 1). Time before referring to surgery was shorter in the AR 
group than in the AS group (p<0.05). Preoperative mortality risk 
and comorbidities were not significantly different between AS 
and AR groups.

Figure 1A and 1B. - Selected examples illustrating myocardial 
fibrosis
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Table 1

Table 3

Preoperative characteristics

Left ventricular remodeling

AH - arterial hypertension; BAV - bicuspid aortic valve. BMI - body mass index; 
BSA - body surface area; DM - diabetes mellitus; IHD -  ischemic heart disease; MI - 
myocardial infarction; NS - non-significant; NYHA - New York Heart Association

iLVEDD - indexed left ventricular end-diastolic diameter; iLV mass - indexed left ventricular mass; LVEDD - left ventricular end-diastolic diameter; LV EF - left ventricular 
ejection fraction; LVH - left ventricular hypertrophy; LV mass - left ventricular mass. 

Variables AS (n = 116) AR (n = 14) P-Value

Age (years) 68.4 ± 9.8 65.4 ± 10.1 NS

Female sex 48 (41.4%) 4 (28.6%) NS

BSA (m2) 1.9 ± 0.3 1.9 ± 0.3 NS

BMI (kg/m2) 28.9 ± 5.4 27.6 ± 4.1 NS

Severity of aortic valve 
pathology

severe 95 (81.9%) 9 (64.3%) NS

moderate 20 (17.2%) 5 (35.7%) NS

mild 1 (0.9%) No NS

NYHA class

IV 1 (0.7%) 1 (7.1%)  NS

III 59 (50.9%) 6 (42.9%)  NS

II 55 (47.4%) 7 (50.0%)  NS

I 1 (0.7%) No  NS

Onset of symptoms 
(month)

7.5 (0-84) 5.0 (0-48) 0.05

Smoker 4 (3.4%) No NS

AH 96 (82.8%) 13 (92.9%) NS

Dyslipidemia 69 (59.5%) 8 (57.1%) NS

Chronic obstructive 
pulmonary disease

10 (8.6%) 2 (14.3%) NS

Peripheral vessel 
diseases

20 (17.2%) 3 (21.4%) NS

DM 17 (14.7%) No NS

History of stroke 6 (5.2%) 1 (7.1%) NS

IHD 73 (56.2%) 9 (6.9%) NS

MI 20 (17.2%) 3 (21.4%) NS

Kidney, Liver disorders 23 (19.8%) 5 (35.7%) NS

BAV 37 (31.9%) 4 (28.6%) NS

Degenerative etiology 112 (96.6%) 13 (92.9%) NS

STS score (%) 2.2 (0.4-23.5) 2.7 (0.5-11.7) NS

EuroSCORE II (%) 2.5 (0.5-42.4) 3.1 (1.1-18.0) NS

LV assessment AS P-value AR P-value

Pre-AVR
(n =116)

Post-AVR
(n =86)

Pre-AVR
(n =14)

Post-AVR
(n =11)

LVEDD (mm) 50.1 ± 8.5 47.2 ± 7.6 0.05 56.3 ± 3.7 48.4 ± 9.3 0.05

iLVEDD (mm/m2) 26.1 ± 3.9 24.1 ± 3.8 0.001 25.6 ± 3.2 23.4 ± 5.2 0.05

LV septal thickness (mm) 14.4 ± 4.3 12.6 ± 1.9 0.001 12.5 ± 2.3 11.9 ± 2.1 NS

Posterior wall thickness (mm) 12.3 ± 1.7 11.8 ± 1.5 NS 11.2 ± 1.4 11.9 ± 2.3 NS

LV mass (g) 269.8 ± 63.1 222.8 ± 58.4 0.001 283.3± 71.1 216.5 ± 74.8 0.05

iLV mass (g/m2) 139.1 ± 29.9 112.1 ± 25.6 0.001 136.6 ± 26.7 102.8 ± 33.2 0.001

LVH (%) 79 (68.1%) 44 (51.2%) 0.001 11 (78.6%) 4 (36.4%) 0.05

LV EF (%) 49.1 ± 10.2 48.9 ± 7.4 NS 40.6 ± 8.3 41.8 ± 10.5 0.05

Low EF (%) 15 (12.9%) 17 (19.7%) NS No 4 (36.4%) NS

There were Pre-AVR echocardiography differences 
in the left ventricular end-diastolic dimension (LVEDD) 
(p<0.05), indexed left ventricular end-diastolic diameter 
(iLVEDD) (p<0.05), and posterior wall thickness (p<0.05) 
between AS and AR, but not in the Post-AVR period. LVEDD 
and iLVEDD were high in the AR group, whereas the posterior 
wall thickness was high in the AS group. Although EF were 
preoperatively similar, there was a difference between those 
in the follow-up groups (p<0.05). LVM and iLVM were 
similar between AS and AR groups in the Pre-AVR and Post-
AVR periods. 

Preoperative and intraoperative data of AS and AR 
patients are summarized in Table 2. There were no statistical 
differences in intraoperative data between groups. Mild 
myocardial fibrosis was detected in the majority of AS and 
AR patients (93.1% vs 85.7%). However, the mean prosthesis 
size in the AR group was larger than that in the AS group of 
patients (p<0.05). Moreover, ICU stay of AR group was longer 
than those in AS group (p<0.05). Postoperative treatment was 
not statistically different between AS and AR groups. 

The left ventricular remodeling of AS and AR patients 
is presented in Table 3. There was significant LV mass 
reduction in both aortic valve disease groups in the follow-
up period (AS group, p<0.001; AR group, p<0.05). The 
number of LVH cases decreased in both groups in the follow-
up period (AS group, p<0.001; AR group, p<0.05). In Post-
AVR period the ejection fraction of LV did not improve in 
the AS group, compare to AR group (p<0.05). In both groups 
number of patients with impaired LV EF was increased in 
Post-AVR period, but not significantly. Moreover, the LV 
septal thickness, and iLVEDD significantly decreased in the 
AS group (p<0.001 and p<0.001), compared to the AR group 
(p=NS, p<0.05). 

The LV mass regression indexes vary significantly in the 
both groups. iLVMR were 21.5 (-30.8-117.3) for AS patients 
and 25.2 (11.6-82.21) for AR patients. To evaluate timing 
difference of LV mass regression the iLVMR in months was 
used. Last did not show significant changes between groups 
(p=0.227). Although AR group showed increased iLVMR and 
iLVMR in months compare to AS group, these findings did 
not reach statistical significance. Moreover, there were no 
correlations between iLVMR and iLVMR in months to the 
MF (Figure 2).
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Table 2 Intraoperative and postoperative results

MF - myocardial fibrosis; CPB - cardiopulmonary bypass time; ICU - intensive care 
unit; ACE - angiotensin converting enzyme inhibitors; NS - non-significant.

Variables AS (n = 116) AR (n = 14) P-value

MF (%) 6.5 (0-52.8) 4.9 (0.5-23.6) NS

mild 108 (93.1%) 12 (85.7%) NS

moderate 7 (6.0%) 2 (14.3%) NS

severe 1 (0.9%) No NS

Procedural details

Prosthesis size (mm) 24.7± 1.8 26.0 ± 1.8 0.05

Bioprosthesis 94 (81%) 10 (71.4%) NS

PPM (%) 7 (6.0%) No NS

CPB time (min) 111.3 ± 41.5 109.0 ± 33.1 NS

Cross-clamp time (min) 70.1 ± 25.1 69.6 ± 10.9 NS

Operation time (min) 213.9 ± 68.3 215.7 ± 46.8 NS

ICU stay (day) 4.0 (1-35) 5.0 (2-48) 0.05

Postoperative stay (day) 12.0 (1-129) 14.0 (8-64) NS

Follow-up time (month) 6.8 ± 2.1 6.6 ± 2.4 NS

Therapy in follow-up

Beta-blockers (%) 96 (82.8%) 10 (71.4%) NS

ACE inhibitors or 
angiotensin receptor 
antagonists (%)

74 (63.8%) 10 (71.4%) NS

Diuretics (%) 102 (87.9%) 10 (71.4%) NS

Spironaloctone (%) 64 (55.2%) 5 (35.7%) NS

Statins (%) 57 (49.1%) 4 (28.6%) NS

Aspirin (%) 30 (25.9%) 3 (21.4%) NS

Anticoagulants (%) 109 (94%) 12 (85.7%) NS

Mortality (%) 9 (7.8%) 2 (14.3%) NS

Figure 2. - Left ventricular mass regression indexes after AVR

follow-up periods for AS and AR groups. Moreover, MF did 
not correlate significantly to iLVMR and iLVMR in months. 
A significant correlation exists in AS patients between MF and 
preoperative iLVEDD (r=0.21, p=0.04). 

Discussion
Aortic stenosis is the one of the predominant valve 

pathologies in the USA and Europe [11]. One fourth of 
symptomatic untreated AS will die in 2-3 years [12]. Moreover, 
it has been predicted that, in 30 years, the population older than 
65 years old will increase at least twice [13]. AS is a fibro-
calcific fusion of leaflets due to the progression of fibrosis and 
leaflet calcification [14, 15]. Severe AS presents with blood 
flow obstruction and LV pressure afterload, which leads to LVH 
and subsequently results in heart failure. A similar mechanism 
probably develops in the coronary vessels of patients with 
atherosclerosis [16].

Aortic regurgitation (AR) has been detected in 2-5% of 
the population [17]. AR can be a consequence of the improper 
function of the aortic annulus, leaflets, or the aortic root. 
According to data from Framingham’s study, 0.5% AR requires 
a heart valve operation[17]. The primary pathology of the valve 
cusps and secondary pathology of the aortic root and annulus can 
be distinguished [18]. In addition, acute AR is characterized by a 
life-threatening high preload and afterload on normal LV, while 
chronic AR progresses over time and myocardium compensates 
for the regurgitation volume [19]. As a result, most of AR patients 
tend to develop eccentric hypertrophy with dilated LV [18].

LVH is a compensatory mechanism maintaining 
an adequate cardiac output in aortic stenosis and aortic 
regurgitation patients. In addition to functional adaptation, 
structural and molecular changes also appear [20]. LVH is 
known to be associated with a high morbimortality [21,22]. 
LVM regression dramatically decreases cardiovascular events 
caused by pressure overload in more than 50% of cases [23]. 
Recent evidence suggests that LVMR after AVR is an important 
survival predictor of degenerative aortic valve diseases [24-
26]. Maximal LV reduction appears in 6 months, whereas much 
slower progress has been seen in long follow-up periods [27]. 
In our study, we followed-up our groups in 6.77±2.05 months. 
Despite the fact that LVMR after AVR appeared in both aortic 
stenosis and regurgitation cases [28], complete LVMR can be 
reached in a 2 and 5 year period, respectively. A similar trend was 
observed in our study, where the LVM of AS patients regressed 
better in the same follow-up time compared to AR patents. The 
preoperative LVM values of AS and AR groups were similar. 
Moreover, probably AS patients recovered faster compared to 
AR due to the less than 55 mm preoperative left ventricular end-
diastolic dimension (LVEDD) and early stage of disease [29]. 
This may be one reason for the poor regression observed in the 
AR group in our study. Furthermore, the different myocardial 
response may be because of the relief of pressure overload in 
AS patients and combination of pressure and volume overload 
in AR patients [28]. 

MF is a result of a preventive response to cardiomyocytes 
death or injury from ventricular rupture [30]. In addition, AS 
and SH, as examples of pressure overload, lead to interstitial 
and perivascular fibrosis. The severity of fibrosis is directly 
associated with the cardiac function and anticipated survival rate 
of AV disease patients [30,31]. In our study in the majority of our 
patients detected mild MF level. Similar results were reported by 
Podlesnikar et al. for AS and AR patients [32]. There has been 
interest in the MF level as an indicator of LVM changes after 
AVR. Several studies showed that the level of fibrosis affects 

Correlations between MF and LV parameters
From the preoperative echocardiography data obtained in 

all 130 patients and in 97 patients’ follow-up data, we investigated, 
whether MF and LV parameters were correlated. We did not 
found correlations between MF and LVM in preoperative, and 
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