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Abstract

Introduction: Patients with aortic stenosis often develop hypertrophy and fibrosis,
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regardless of symptoms. Cardiac Magnetic Resonance (CMR) represents the gold standard

for the evaluation of fibrosis despite numerous limitations: cost, availability, atrial fibrillation,

claustrophobia, kidney failure or inability to apnea.

Purpose: The aim is to validate the role of echocardiographic parameters, such as Global
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Longitudinal Strain (GLS), as early markers of fibrosis. Clinical and laboratory data, particularly

B-type Natriuretic Peptide (BNP), were also analyzed.

Material and methods: In our study we recruited 33 patients with severe aortic stenosis,
correlating echocardiographic values of GLS with the qualitative analysis of Late Gadolinium

Enhancement (LGE) and the quantitative analysis of T1 mapping of CMR.

Results: 70% of patients with an alteration of GLS had LGE+. Univariate logistic regression
shows that the factors associated with the presence of LGE on CMR are hypertension
(p = 0.043), GLS (p = 0.032), and elevated BNP values (p = 0.021); for GLS, Odds Ratio (OR)
is 5 so the chance of finding fibrosis on CMR increases 5 times in presence of an altered GLS.
The multivariate analysis confirms the association with impaired GLS values (p = 0.033) and

hypertension (p = 0.025), but not with elevated Pro-BNP values.

Conclusion: In patients with severe aortic stenosis, the association between GLS, LGE,
and T1 mapping can help identify earlier those patients with structural changes caused by the
disease, who could benefit from early intervention. It remains to be established how the presence
of these alterations has a role in determining the intervention time and the outcome of these

patients.

Introduction

Aortic Stenosis (AS) is one of the most frequent
valvulopathies, with an incidence that can reach 10% in
patients older than 80 years old [1]. AS is characterized by
progressive valve narrowing and subsequent remodeling of
the left ventricle.

In AS, the myocardium of the Left Ventricle (LV) responds
with a compensatory hypertrophy to warrant correct
perfusion: The response of the LV to pressure overload
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imposed by the stenotic aortic valve is characterized by
the addition in parallel of new myofibrils that lead to
increased muscle fiber diameter and LV hypertrophy [2].
In the long term, myocytes are replaced by fibrotic tissue,
the initial pathological sign of heart failure [3]. Usually,
these pathological changes occur independently of patients
‘symptoms [4]. This condition leads to a higher risk of acute
heart failure and sudden cardiac death, as the excessive
deposition of the extracellular matrix lead to unfavorable
cardiac remodelling [5,6]. The presence of fibrosis correlates
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with the worst prognosis after aortic valve replacement
[7,8]. A precise evaluation of the severity of AS is crucial for
patient management and risk stratification, and to evaluate
symptoms legitimately. Echocardiography is the common
method to assess AS severity. It relies on three parameters,
the peak velocity (PVel), the mean pressure gradient (MPG),
and the Aortic Valve Area (AVA) [9]. Furthermore, Cardiac
Magnetic Resonance (CMR) represents the gold standard
for the evaluation of fibrosis despite numerous limitations:
cost, availability, atrial fibrillation, claustrophobia, kidney
failure or inability to apnea [10]. Considering the preserved
Ejection Fraction (EF), the echographic speckle-tracking
technique showed a reduced longitudinal systolic function
in symptomatic groups. This function, still preserved in
asymptomatic patients, can guarantee better integrity of the
LV itself and delay the probability of the symptomatology’s
beginning. This agrees with the actual literature, where the
prognostic value of LVGLS in patients with severe AS has been
proven. Reduced value of deformation and speed longitudinal
contraction shown in severe AS patients can be related to
structural and functional myocardial alteration, caused by the
expression of the high-weight myosin chain, the depositing
amorphous and noncontracting mass and insulin-like growth
factor-1 myocardial resistance. The progressive collagen
deposit in subendocardial myocardial fibers can cause a
reduced longitudinal strain rate [11-13].

Purpose

The aim of this observational study is to describe
the relationship between global longitudinal strain, left
ventricular mass, BNP and myocardial fibrosis (detected with
CMR) in a population of subjects with severe AS in order to
find parameters related to ventricular dysfunction with a
transthoracic echocardiogram. Patients with AS often develop
hypertrophy and fibrosis and have a higher risk of acute heart
failure and sudden death. However, we are not able yet to
determine when hypertrophy becomes fibrosis, and in clinical
practice, we do not have non-invasive instrumental methods
capable of appropriately investigating the myocardial
alterations. For this purpose, our study is aimed at validating
the role of echocardiographic parameters as early markers of
fibrosis.

Materials and methods

In this study we selected a group of 33 patients with a
mean age of 79 (+ 5.815) years with numerous cardiovascular
risk factors such as hypertension (76%), cigarette smoking
(39%), diabetes mellitus (30%), obesity (18%), dyslipidemia
(27%) and kidney failure (36%), suffering from severe aortic
stenosis with AVA < 1 cm? maximum gradient 73 (+ 11.911)
mmHg, mean gradient 42 (*+ 7.937) mmHg, Stroke Volume 75
(¥ 11.323) ml and maximum velocity of 4.3 (+ 1.542) m/s. In
addition, 39% of patients also had aortic insufficiency and
12% of these were classified as moderate. For what concerns
the ventricle, left ventricular mass (LVM) 218.74 (¥ 56.995) g,
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indexed left ventricular mass (LVMi) 121.52 (+ 23.364) g/m?
and GLS -15 (* 2.677) %. These patients underwent CMR with
and without contrast and all the echographic values were
compared with the corresponding CMRs and they resulted to
be stackable. All investigations were conducted in the period
between May 2019 and December 2021, with an interruption
due to the COVID-19 pandemic. The exclusion criteria were:
claustrophobia, pacemaker, atrial fibrillation, frequent ectopic
beats and advanced kidney failure.

Echocardiogram

Our patients underwent a clinical and echocardiographic
examination at the Cardiology Unit of the University of
Catania. The transthoracic echocardiogram was performed
with “Philips Epiq” with a two- and three-dimensional
probe. The echocardiographic measurements were
acquired in compliance with the guidelines published by
the American Society of Echocardiography (ASE) and the
European Association of Cardiovascular Imaging (EACVI).
The degree of aortic stenosis was calculated by AVA (with
the continuity equation), transvalvular gradients, and
flow (using the Bernoulli equation) using the CW and PW
Doppler [9]. The examinations were conducted with EKG
monitoring, for the analysis of myocardial deformation.
GLS was calculated offline with images obtained from apical
windows 4, 3, and 2 chambers. The software automatically
calculated the degree of longitudinal deformation. The
myocardial was divided into six zones (inferior, infero-
septal, antero-septal, anterior, antero-lateral, infero-lateral).
The average strain profile of the wall was analyzed for each
area. From this analysis, we obtained the systolic peak of
longitudinal strain (PSLS: Peak Systolic Longitudinal Strain)
which is the maximum negative value of deformation during
the ejection phase. The GLS was calculated from the averages
of the values obtained by the individual myocardial walls
for each window (Figure 1). 2D imaging was used for the
calculation of the LVM. The formula for determining the mass
was LVM = Area x Height. The area was calculated from the
parasternal short-axis window (at the level of the papillary
muscles) by subtracting the ventricular cavity from the area
calculated at the epicardium level. The height was measured
from the 4-chamber window as a base-apex distance. The
ventricular mass was also indexed according to the formula
LVMi = LVM/BSA. According to the guidelines, the upper
reference value was 88 g/m? in women and 102 g/m? in men.

BNP
BNP values were considered pathological > = 100 pg/mL.
Cardiac magnetic resonance

CMR was performed with the 1.5 Tesla, Ingenia Philips,
machine at the Radiology Unit of the University of Catania.
Electrodes for EKG recording and respiratory triggering were
placed. Patients underwent a “survey” centering sequence
along the three main axes: sagittal, coronal, and axial.
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Figure 1: Bull-eyes of 17 segments, calculating GLS (A) and CW doppler through the aortic valve, which shows severe aortic stenosis (B).

The first acquisition sequence was an axial anatomical e Cine Steady State Free Precession (SSFP) sequences,
SPIN-echo black blood sequence, useful for even a panoramic ideal for functional cardiac studies (Figure 2)
evaluation. Subsequently, starting from scout and axial BB
the localization sequences along the cardiac axes are set,
initially 3 (long axis 2 chambers, 4 chambers, and short axis)
preparatory for the final images with a greater number of

e Additional SSFP sequences in order to study the aortic
valve plane (to study its morphological characteristics
and to calculate the AVA) (Figures 3A and 3B)

phases (30) and with slice-thickness of 8 mm. Cardiac imaging e Native T1 mapping - myocardial longitudinal relaxation
sequences are categorized into use for anatomic, functional time (T1) mapping was set in short axis (end-diastole
and tissue characterization applications. The images were in 3 slices) with Modified Look-Locker Imaging thatis a
then acquired according to the following protocol: balanced steady-state free precession (Molli), acquired

10 minutes before contrast, in a mid-cavity. The MOLLI

imaging was acquired in 11 images with a 360 x 360

mm field of view collected with a 192 x 183 matrix, 35°

flip angle, 8 mm slice thickness, 1.1 ms echo time, 2.2

repetition time, and accelerator factor of 2. This is a

e 3 Gradient echo sequences for the echocardiographic technique for quantifying diffuse interstitial myocardial
reference planes fibrosis.

¢ Centering sequence in the three sagittal, axial and
longitudinal planes

¢ Axial T1 “black blood” spin echo sequence

https://doi.org/10.29328/journal.jccm.1001153 www.cardiologymedjournal.com | 053 |



Myocardial fibrosis in aortic stenosis: comparison between clinical data, laboratory, echocardiography, and cardiac magnetic resonance

5

Figure 3: Coronal-axial valve aortic planes show a jet of anterograde turbulent flow (3A) and stenotic area (3B).

e Contrast-enhanced T1 mapping was obtained 15
minutes after contrast injection, later acquisition than
delay enhancement sequences; measurement of Extra-
Cellular Volume (ECV) (a fraction of total myocardial
volume) is obtained by native and postcontrast T1
mapping; ECV is correlated with collagen volume
fraction and interstitial fibrosis as described in the
introduction

e GE Inversion Recovery sequences were acquired
8 - 10 minutes after intravenous administration of 0.15
mg/dL of paramagnetic contrast medium (Gadovist)
for myocardial tissue characterization.

The images were then reprocessed with the Philips
reconstruction console with the manual demarcation of the
endocardial and epicardial margins of the left ventricle in
diastole and systole. End diastolic and end systolic volumes,
stroke volume, ejection fraction and LVM are calculated from
the short-axis SSFP sequences. The functional data were then
indexed for the body surface.

For the measurement of T1 and T2 relaxation times,

https://doi.org/10.29328/journal.jccm.1001153

a global approach is used, including the complete apical,
midventricular, and basal SAX (short axis). Endocardial and
epicardial contours of the LV are traced in all sequences,
excluding fat, pericardium, and blood from analysis; an
isolated ROI (region of interest) is inserted in the center of the
blood in T1 mapping sequences (native and enhanced).

In the subsequent segmentation and results phases,
the value by segment and average value for a section
are extrapolated along 3 main plans acquired. In the re-
elaboration of T1 in the segmentation phase, the hematocrit
values are extrapolated from the laboratory parameters of
the sampling carried out on the morning of the day of the
survey. The addition of the hematocrit values is essential to
extrapolate the ECV values, evaluated as both segment value
and average value by section (Figure 4A and 4B).

Normal myocardium has a hypointense signal, unlike the
altered one which shows a hyperintense signal. The presence
of Late Gadolinium Enhancement (LGE) is characteristic
of fibrotic or scarred areas. In patients with AS, the LGE
distribution is typically distributed in the infero-lateral wall of
the myocardium, especially in the basal and middle segments
(Figure 5).
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Figure 4: A). Post-processing T1 mapping, with the tracing of sub-endocardial and sub-epicardial borders, along three short-axial planes (basal,
middle, and apical) and demarcation of intraluminal ROI. B). Semi-automatic quantitative analysis of T1 native, T1 enhanced with extrapolation of ECV.

Figure 5: LGE sequences show mild hyperintensity signal in the mesocardial wall, especially along the inferolateral segment as fibrotic disarray.
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For the quantitative analysis, the enhancement was
divided into:

e  Transmural: parietal involvement > 50%
¢ Non-transmural: parietal involvement < 50%
Statistical analysis

Continuous variables were presented as median and
percentiles, and categorical variables as numbers and
percentiles. The categorical variables were analyzed with
the chi-square test and the continuous variables with the T
Student test. In both cases, the “p” is considered insignificant
if > 0.05, relevant if < 0.05, and very relevant if < 0.001.
A univariate and multivariate analysis was performed.

Results

There were 33 patients (14 females, 19 male) with severe
AS enrolled. These patients had multiple cardiovascular risk
factors, including hypertension, diabetes mellitus, obesity,
cigarette smoking, renal failure, and dyslipidemia. From the
remote and near-pathological anamnestic history, it emerged
that 61% had dyspnea, 9% had angina and 6% had syncope.
24% of the patients were totally asymptomatic. Furthermore,
57% had NYHA functional class > = 2 (15% had NYHA 3).
From the statistical analysis, it emerged that 70% of patients
with pathological GLS values have fibrosis and LGE on the
CMR of the heart. Univariate logistic regression showed that
the factors associated with the presence of LGE on CMR are
hypertension (p = 0.043), GLS (p = 0.032), and elevated BNP
values (p = 0.021); for GLS, the odds ratio (OR) is 5 so the
possibility of having fibrosis on CMR increases by 5 times
in the presence of an altered GLS. The multivariate analysis
confirmed the association with altered GLS values (p = 0.033)
and hypertension (p = 0.025), but not with high BNP values
(Table 1). 92% of patients with pathological LGE values have
micro-fibrosis and an altered T1 mapping on Cardiac Magnetic
Resonance. Univariate logistic regression showed that the
factors associated with the presence of altered T1 mapping
on CMR are the same analyzed for LGE, with similar values:
hypertension (p = 0.029), GLS (p = 0.016), and elevated Pro-
BNP values (p = 0.015) (Table 2).

Discussion

Severe AS is a disease with a progressive increase in
prevalence, due to the increasing life expectancy. The

Table 1: Comparison of Variable between LGE+ and LGE- Groups.

\ELEL] LGE- (n =10) LGE+ (n =23) p value
Age 79,1 (+ 2,767) 79,3 (+ 6,785) 0,928
LVM 189,50 (+ 39,901) 218,74 (+ 56,995) 0,152

EF 64,50% (+ 4,222) 58,91% (+ 7,977) 0,046
GLS % -18,100 (1,390) -15,774 (+ 2,677) 0,015
Pro-BNP 316,20 (+ 202,600) 520,57 (+ 204,033) 0,013
Hypertension 5 (50%) 20 (87%) 0,023
Gmed 39,10 (+ 9,666) 41,91 (£ 1,937) 0,388
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Table 2: T1 Mapping statistical significance.

Variable T1 Mapping — (n = 4) T1 Mapping + (n = 29) p value
Age 78,4 79,9 0.915
Hypertension 3 25 0.029
BNP 389,18 454,12 0.015
EF% 60,2% 57,1% 0.05
LVM 195,1 221,3 0.21
Gmed 38,1 42,8 0.329
GLS% -18,6 -15,5 0.016

guidelines are able to help the clinician in the therapeutic
decision for the treatment of symptomatic patients but are less
clear in the indications concerning asymptomatic patients.
Ventricles in AS are able to “tolerate” the alterations caused by
disease for many years and contractile function is reduced only
in the most advanced stages of the disease. For this reason, in
recent years research has been focused on early indicators of
structural alterations. Among these, GLS has been extensively
studied in aortic stenosis as well as in many other diseases,
as an early indicator of subclinical systolic dysfunction
[14-17]. Cardiac Magnetic Resonance is certainly more
sensitive in estimating cardiac mass and detecting myocardial
structural alterations but its large-scale use is limited by the
availability and cost of the method [18].

In this study, we looked for factors potentially associated
with the development of fibrosis and LGE on CMR and, in
particular, for an association between altered GLS values,
myocardial mass,and the developmentoffibrosis. Somestudies
have already tried to find an association between GLS and
fibrosis, concluding that GLS correlates well with the presence
of myocardial fibrosis, although its use is limited by the
possible overlap of other pathological conditions (for example
ischemic heart disease) as well as they can cause alterations
of the GLS [19]. In addition, the fibrosis detected with LGE
was also related to the presence of arterial hypertension and
altered Pro-BNP values, although the latter association was
not detected in the multivariate analysis; this could be related
to the small size of the sample examined and to the fact that
the examination was performed in different laboratories;
moreover, for some, the values of the BNP were available, for
others the values of the NT-pro-BNP. Although hypertension
was associated with the risk of developing fibrosis on CMR,
this could be due to the high prevalence (76%) in the sample
examined. On the other hand, no alterations related to the
increase in myocardial mass were detected, although this
may be due to the high inter-individual variability of the
echocardiographic measurements performed. T1 mapping is
a very important value, especially for the detection of micro-
fibrosis [20,21], and we found that in 92% of patients with an
altered T1 mapping, there is a correlation with the LGE. This
implies that micro-fibrosis (T1 mapping +) is already present
in patients who also have macro-fibrosis (LGE +). Calvin, et al.
and Lee, et al. have shown that early intervention with valve
replacement surgery in patients with micro-fibrosis can lead
to better outcomes [22,23]. Therefore, intervening at the
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micro-fibrosis stage, in patients with an altered T1 mapping
can prevent irreversible remodeling that leads to an increase
in mortality [24,25]. Therefore, T1 mapping allows identifying
the correct therapeutic pathway for the patient.

Limitations of the study

The sample examined is small, due to the period of
interruption linked to the COVID-19 pandemic. Another
limitation lies in the fact that a comparison was not made with
subjects with other pathological conditions which could also
cause alterations in the GLS. Furthermore, the presence of
these pathological conditions cannot be completely excluded
given the high prevalence in the age group studied of other
pathologies that may have led to a reduction in GLS. Finally,
the limited period of follow-up observation did not allow to
clarify the correlation between the outcomes of the disease
and its possible treatment.

Conclusion

In conclusion, our study found an association between
GLS and CMR in the evaluation of myocardial fibrosis. Despite
the small sample size, this could allow us to identify earlier,
in patients suffering from severe AS, those with structural
alterations determined by the disease who could benefit from
early intervention. It remains to be established, through a
longer follow-up, how the presence of structural alterations
can influence the outcome of patients suffering from aortic
stenosis.

Furthermore, being able to detect micro-fibrosis with
strain in echocardiography could guarantee the establishment
of closer follow-ups in patients in whom left ventricular
remodeling is suspected in order to refer them earlier to valve
replacement surgery, ensuring a better early treatment for all
patients, even those who cannot undergo Cardiac Magnetic
Resonance.

The future perspectives regarding the treatment of AS
have the purpose of allowing an early treatment, especially
with regard to the onset of myocardial fibrosis in such a way
as to guarantee an early recovery of cardiac function, prevent
the risk of death, and therefore, guarantee better patient
outcomes.
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