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Abstract

Background: Left ventricular mass regression after aortic
valve replacement is largely incomplete and often most of
patients do not achieve left ventricular mass normalization.

of ventricular function and size. In this group the ventricular
mass has the propensity to regress regardless the residual
valve gradient. On the contrary the fluid dynamics of the bi-
oprostheses affected the hypertrophy regression in patients
with “appropriate” hypertrophy.

Aim of the study: To evaluate the hypertrophy regression
in patients with “appropriate” hypertrophy compared with
those who developed an excess or “inappropriate” hypertro-
phy in the setting of pure aortic stenosis.

Methods: A population of 40 patients operated for aortic
stenosis was divided in two groups according to the pre-op-
erative level of hypertrophy. Eighteen patients entered in
the group of “inappropriate” hypertrophy and 22 patients in
the group of “appropriate” hypertrophy. Hemodynamic and
echocardiographic parameters were collected pre-opera-
tively, at discharge, 3, 6 and 12 months postoperatively.

Results: Patients with “inappropriate” hypertrophy experi-
enced a greater and faster mass regression with -30 £ 11%
compared with -15 + 14% (p < 0.001) of the appropriate hy-
pertrophy. Pre-operative left ventricular mass was the most
powerful independent predictor of hypertrophy regression in
both groups (p < 0.001), while secondary independent var-
iables were linked to fluid dynamics of the prostheses (p =
0.02) in the group of “appropriate” hypertrophy and diabetes
(p = 0.045) for “inappropriate” hypertrophy.

Conclusion: Left ventricular mass regression and normali-
zation is a complex phenomenon and is influenced by sev-
eral factors. Patients with “inappropriate” hypertrophy experi-
enced the largest hypertrophy regression with a full recovery
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Introduction

Left ventricular (LV) hypertrophy is a form of adapta-
tion to a chronic cardiac overload. In the setting of aortic
stenosis (AS), LV hypertrophy develops to limit the in-
crease of LV systolic wall stress. Aortic valve replacement
(AVR), is expected to eliminate the LV burden, inducing
regression of LV hypertrophy [1,2] and possibly LV mass
normalization with an improvement of life expectancy
and elimination of symptoms. Left ventricular mass nor-
malization is the most difficult goal to achieve because of
irreversible alterations often present in the myocardium
[3-5] at time of operation, as well as the presence of as-
sociated patients and prosthesis factors [6-8].

In chronic LV pressure overload several growth fac-
tors are triggered [9] followed by an expansion of both
myocytes and interstitial compartments [10] with the
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extent of LV mass that is virtually unrelated to the de- the group of “appropriate” hypertrophy had 22 patients
gree of AS [11]. Furthermore, other clinically recogniz-  while the group of “inappropriate” hypertrophy had 18
able patient-specific factors such hypertension, obesity  patients. Patients were considered to have hypertension
and peripheral vascular disease, may influence the ex- when they were being treated for hypertension at the
tent of pre-operative LV hypertrophy and its regression  time of operation [15]. We also calculated the valvuloar-
postoperatively [1-3,5-7]. terial impedance (Zva) as: (SAP + MG)/SVi, where SAP is
the systolic arterial pressure, MG is the mean transvalvu-
lar pressure gradient and SVi is the stroke volume index.
While the Systemic Arterial Compliance (SAC) was calcu-
lated as: SVi/PP, where SVi is stroke volume index and PP
is brachial pulse pressure.

Indeed, there are patients who develop a degree of
hypertrophy, called “inappropriate hypertrophy”, that
excesses the level of LV afterload, calling into question
the role of LV workload as the unique cause of hyper-
trophy [12,13].

The objective of this study was to evaluate LV mass Doppler-echocardiographic measurements

regression, after AVR, in patients with “appropriate” LV Pre- and postoperative echocardiographic studies
hypertrophy compared with those who developed an  were performed by 3 experienced echocardiographers,
excess or “inappropriate” hypertrophy in the setting of  with an echocardiography machine iE33 (Philips Medical

pure aortic stenosis. Systems, Eindhoven, Netherland) equipped with 2.5-3.5
Patients and Methods MHz transducers. '!'he peak ant.j'mean vaIve'gradle.nts

were calculated using the modified Bernoulli equation
Patient population with correction for subvalvular velocities. The Effective

Orifice Area (EOA) of the prosthesis was calculated by

The study population comprised 40 patients enrolled ) h ! )
using the continuity equation and indexed by BSA.

in a prospective randomized trial who had been divided
into 2 groups according to whether they were to receive  Statistical analysis
a Trifecta (St-Jude Medical Inc. Minneapolis MN) or a
Freestyle (Medtronic Inc. Minneapolis, MN) bioprosthe-
sis [14]. The protocol comprised an echocardiographic
study pre-operatively and at discharge, 3, 6, 12 months
post-operatively. Other patients’ population character-

The data were statistically analysed using SyStat
13.0 software (USA). The continuous variables were ex-
pressed as mean + SD. We verified the normal distribu-
tion by the Shapiro-Wilk’s test and, when p < 0.1, the
istics are reported elsewhere [14]. The patients were variable was log-transformed. Discrete variables were
included if they met the following criteria: Pure or prey-  compared by the x*-test with Fisher's Exact test when
alent aortic stenosis, age > 70 years, native aortic an- aPpropriate. For each group we performed a simple
nulus diameter < 2.3 cm (measured on pre-operative linear regression with LVM index (LVMi) regression as
echocardiograms), EF > 50%, first-time operation, sinus dependent variable. Those variables that yielded a mod-
or atrial rhythm and no concomitant cardiac procedure ~ rate correlation with the Pearson’s correlation coeffi-
anticipated other than coronary artery bypass graft. The ~ cient > 0.3 were tested in a multiple linear regression

local Institutional Ethics Committee approved the study ~ analysis. Because of the limited numbers of subjects
protocols. available for the analysis (a group with 18 patients and

a group with 22 patients) we performed the multiple re-
gression analysis with no more than 2 independent vari-
ables. As the independent variable with the strongest
correlation with the LVMi regression was the pre-op
LVMIi, any other variable was tested to be independent
from the pre-op LVMi only. P values < 0.05 were consid-
ered significant.

Pre- and post-operative LV hypertrophy was defined
by indexing the LV mass (LVM) using the patient’s height
in meters with the allometric power of 2.7 [15]. The cut-
off values for hypertrophy were > 50 g/m?7 in males and
> 47 g/m?7 in females. This method has proven to be
more sensitive in diagnosing LV hypertrophy, than using
the Body Surface Area (BSA), since it is not affected by
the patient’s weight. LV mass was calculated using the  Results
corrected ASE formula [16]: LVM = 0.8 [1.04(IVS +LVED-
D+PWd)3LVEDD3]—0.6 where IVSd is the end-diastolic in-
terventricular septum thickness, LVEDD is the LV end-di- In the group of patients with “appropriate” hypertro-
astolic internal diameter and PWd is the LV end-diastolic ~ phy there were only female, the BSA and BMI were lower
posterior wall thickness. For each patient, the LV mass compared with the “inappropriate” hypertrophy group.
was predicted by the following formula: Predicted-LVM  Besides, there was a higher incidence of diabetes and a
=(0.64"SW) + (-18.1"Sex) + (6.63 height?*’) + 55.13 where  higher level of pBNP in the group with “inappropriate” hy-
SW is stroke work (systolic BP x SV x 0.0144, expressed  pertrophy compared with the group with “appropriate”
in g-meters), height is in meters and sex is coded as 1 =  hypertrophy (Table 1). The 2 groups did not display any af-
men; 2 = women [12,13]. Any patients with an LVM > terload differences, showing similar mean gradient, EOAI,
28% [12,13] the predicted-LVM value were classified as  SAC and Zva (Table 2). The group with “inappropriate” hy-
having an “appropriate” hypertrophy. With this cut-off,  pertrophy showed some degree of LV dysfunction having
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lower EF, Cardiac Index, stroke volume index, higher e/e'
as well as a dilated LV as resulted in the greater LVEDVi
and LVESVi, compared with the “appropriate” hypertro-
phy group (Table 2). As expected, LV mass was higher in
the group with “inappropriate” hypertrophy 74 + 16 g
compared with the group with “appropriate” hypertro-
phy 52 + 8 g (p < 0.001). Finally, the incidence of hy-
pertrophy was 100% for the group with “inappropriate”

Table 1: Patient's profile.

hypertrophy, while it was 69% (p = 0.008) for the group
with “appropriate” hypertrophy.

The distribution of the two types of prostheses, in
the two groups, was similar with the stentless valves
present in 59% and 39% (p = 0.340) for “inappropriate”
and “appropriate” groups respectively.

Post-operative results, Aortic valve hemodynam-
ics and LV mass regression

One patient died at 3 months for gastric cancer. The

Variables Appropriate |Inappropriate p-value  post-operative fluid dynamics of the valves were similar
Hypertrophy  Hypertrophy between the two groups. The mean gradient was 7 + 3
Age 81+4 8143 0.793 mmHg and 6 + 3 mmHg (p = 0.253), while the EOAi was
BSA 158£012 1.70£0.1 0.03 1.1 + 0.3 cm¥/m? and 1.1 0.2 cm?/m? (p = 0.948) for
BMI (Kg/m") 238+4 25.7+3 0.06 “inappropriate” and “appropriate” hypertrophy respec-
Gender (female) % 100 61 0.005 el
Creatinine (mg/dl) 0.81 % 0.2 1.02 £ 0.47 0.06 tvely.
PBNP (ng/dl) 959 + 1082 2260+2799  0.035 At 1-year, the pre-operative LV mass regressed sig-
Hypertension (%) 91 83 0.642 nificantly to 49 + 9 g (-30 + 11%) in the group with “in-
Duabet:as (%) 0 33 0.01 appropriate” hypertrophy and to 44 + 7 g (-15 + 14%)
CAD (%) 32 39 0.744 for the group with “appropriate” hypertrophy. Residual
Stentless (%) 39% 59% 0.340

hypertrophy was present in 61% and 33% (p = 0.08) of

BSA: Body Surface Area; BMI: Body Mass Index; pBNP: proB- patients with “inappropriate” and “appropriate” hyper-

type Natriuretic Peptide; CAD: Coronary Artery Disease.

Table 2: Echocardiographic Findings.

“Inappropriate” LVH “Appropriate” LVH p-value
Pre-op 59+6 63+5 0.02
o,
EF (%) Post-op 635 63+4 0.881
. Pre-op 4908 56+ 1.1 0.02
Cardiac Output (1) Post-op 56+ 1 50+ 1 0.07
. Pre-op 29405 36+0.7 0.001
2
Cardiac Index (I/m?) Post-op 33+0.6 31407 0.523
Pre-op 42+8 52+9 0.002
2
Stroke Volume Index (ml/m?) Post-op 5219 48+ 9 0.249
Pre-op 54+ 12 42+8 <0.001
2
LVEDVI (ml/m?) Post-op 40 +6 41+8 0.614
Pre-op 24 +10 16+4 0.001
LVESVI (ml/m?) Post-op 15+3 14 +3 0.823
Pre-op 259 + 48 175 + 31 < 0.001
LVM(g) Post-op 177 + 26 148 + 23 <0.001
Pre-op 74 + 16 52+8 < 0.001
2.7
LVMI (g/h*7) Post-op 49+ 9 44 +7 0.037
LVMI Regression (g/h?7) -22+13 -7%9 < 0.001
LVMI Regression (%) -30 £ 11 -15+14 <0.001
Pre-op 100 69 0.008
0,
Hypertrophy (%) Post-op 61 33 0.08
Pre-op 0.38 + 0.1 0.45+0.2 0.08
2 2
EOAI (em?/m?) Post-op 11403 11402 0.948
. Pre-op 52+ 10 53+ 15 0.699
Mean Gradient (mmHg) Post-op 7+3 6+3 0.253
E/E Pre-op 18+4 1517 0.05
Post-op 1114 1315 0.213
Pre-op 4.7+13 40+£11 0.1
2
Zva (mmHg/mi/m’) Post-op 3107 33:0.8 0.402
Pre-op 0.66 + 0.2 076+ 0.3 0.18
SAC (ml/mmHg) Post-op 076 +0.2 0.67 0.2 0.234

EF: Ejection Fraction; LVEDVI: Left Ventricular End Diastolic Volume Index; LVESVI: Left Ventricular End Systolic Volume Index;
LVM: Left Ventricular Mass; LVMI: Left Ventricular Mass Index; EOAI: Effective Orifice Area Index; E/E’; Zva; SAC: Sistemic
Arterial Compliance.
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Figure 1: LVMi regression through the 1 post-operative year.

trophy respectively. In both groups most of the LV mass
regressed in the first 3 months, however, a faster rate
of regression was observed in the group with “inappro-
priate” hypertrophy (Figure 1). LV function improved
substantially in the group with “inappropriate” hyper-
trophy, with no longer statistical significance in the dif-
ference of the LV cavity size for both diastolic and sys-
tolic volumes. Indeed, the post-operative LVEDVi were
40 £ 6 ml/m? and 41 + 8 ml/m? (p = 0.614) while LVESVi
were 15 £ 3 ml/m? and 14 + 3 ml/m? (p = 0.823) in the
group with “inappropriate” and “appropriate” hyper-
trophy respectively.

Determinants of post-op LV mass regression

In Table 3 are reported the simple and multiple lin-
ear regression analysis conducted separately in the two
groups. The results revealed that the pre-operative LVMi
was the strongest independent variable with an R -0.82
(p<0.0001) and -0.65 (p = 0.001) for “inappropriate” and
“appropriate” hypertrophy respectively. Two separate
set of secondary independent variables were found at
the simple linear regression analysis. For the group with
“appropriate” hypertrophy only two variables, linked
to the fluid dynamics of the bioprostheses, emerged as
significant at the simple and multiple regression analy-
sis. While for the “inappropriate” hypertrophy a set of
factors related to specific clinical condition arose. Nev-
ertheless, at the multiple linear regression only diabetes
emerged as independent to pre-operative LVMi.

Discussion

Our study showed that 45% of the patients, at time
of AVR, had developed an “inappropriate” hypertrophy
and these experienced twice as much LVMi regression,
with -30% + 14 compared with -15% + 11 (p = 0.009)
of the group with the “appropriate” hypertrophy. In-
terestingly, most of the LV mass regressed in the first

Tasca et al. Int J Clin Cardiol 2018, 5:110

Table 3: Linear and multiple regression analysis.

Univariate Multivariate
Appropriate Hypertrophy R p-value
Pre-Op. LVMI -0.65 0.001 -
Post-Op. Mean Gradient 0.56 0.008 0.02
EOAI -0.42 0.05 0.06
Inappropriate Hypertrophy
LVMI Pre-Op -0.82 < 0.0001 |-
BMI -0.52 0.03 0.768
Gender 0.42 0.08 0.559
Diabetes 0.36 0.110  0.045
Creatinine Pre-Op 0.32 0.223 0.940

LVMI: Left Ventricular Mass Index; EOA.I: Effective Orifice Area
Index; BMI: Body Mass Index.

3 months post-operatively in both groups, but at a fast-
er rate for the group with “inappropriate” hypertrophy
(Figure 1). Nevertheless, at 1-year, the patients with “in-
appropriate” hypertrophy still exhibited a higher LVMi
with 49 + 8 g compared with 44 + 7 g (p = 0.037) of the
“appropriate” hypertrophy group.

LV hypertrophy at time of operation

Hemodynamic load is the stimulus that triggers a
chain of biological events that leads to LV hypertrophy
by widening the myocyte compartment with an in-
crease in size and number of myocytes [9,10,17], as well
as by increasing the interstitial compartment with fibro-
sis deposition [18-22]. Usually the myocytes/interstitial
compartment ratio is 1 to 3 [3-5,10,21,22] but, when
LV dysfunction develops, the interstitial compartment
grows disproportionately [4,5,10,18,19].

Because up to 20% of patients with AS [23], in our
study 15%, do not develop a pre-operative LV hypertro-
phy, the adaptive role of the LV hypertrophy has been
guestioned advancing the concept that hypertrophy is a
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maladaptive phenomenon [18]. The degree of ASis not ocytes diameter and nuclear volumes [3,4]. The latter,
the main responsible for the grade of LV hypertrophy are all signs of a rather irreversible condition present
[11,23] but is a part of a complex network of interaction  inside the myocardium at time of operation. Persistence
among patient-specific factors [24-27]. That explains of LV hypertrophy after AVR has multiple causes and
the variability in the extent of pre-operative LV mass may be due to a combination of patient-specific factors
from patient to patient who apparently have the same (such hypertension, Zva, diabetes, gender, obesity and
degree of AS. Indeed, our data confirmed this variabil-  other biological factors), fluid dynamics of the prosthe-
ity, with substantial differences in pre-operative LVMi  sis and irreversible alterations in the myocardium. Hy-
between the 2 groups despite a similar aortic valve bur-  pertension is one of the most frequent factor that may
den (Table 2). be responsible for the persistence of LV hypertrophy [6]
along with the high stiffness of the vascular system, re-
sulting in a high arterial impedance or Zva [37]. These
two conditions hamper LV mass regression both pre-op-
eratively, with the deposition of irreversible fibrosis
[11,20,23], and post-operatively if the hypertension is
not adequately treated or a high LV impedance persists
[6,36]. Apparently, this was not the case in our study,
because both hypertension incidence and the level of

Duration of the disease, prior to surgical correc-
tion, plays a significant role in generating irreversible
structural alterations [28], as much as chronic pressure
overload leads to a reduction in capillary density [29],
myocytes loss [4,30] and fibrosis deposition [4,9,30]. As
the disease progresses, with the transition from com-
pensated to a decompensated state, the LV function
decreases, and the chamber dilates causing further col-
lagen deposition [30-32]. In our study, the group with the Zva and arterial compliance were similar in the two
“inappropriate” hypertrophy showed some degree of ~ 8roups. Gender is known to influence LV remodeling in
LV dysfunction with reduced EF, cardiac index, larger AS, since a higher mass, fibrosis deposition and possibly
LV diastolic and systolic volumes, higher pBNP and LV structurally irreversible alteration are more likely find-
filling pressure, in the form of e/e’ (Table 1 and Table ings in males than in females [37]. In addition, angioten-
2). Thus, the condition of “inappropriate” hypertrophy ~ Sin-renin system may modulate the degree of LV hyper-
is present when a more advanced stage of disease has  trophy differently in male and in female patients [25].
been reached with structural changes beyond the com-  The univariate analysis in the group with “inappropri-
pensatory requirements. This is a significant issue, be- ~ ate” LV hypertrophy provided a distinct set of variables
cause pre-operative LV mass and indices of under|ying correlated with LVMi regFESSion, which were Compared

irreversible myocardial alterations are correlated to a  With the group of patients with “appropriate” hypertro-
worse outcome [3,33]. phy. However, only the pre-operative LVMi and diabe-

. . . . tes predicted the extent of LV mass regression.
Among the recognizable patient-specific factors in-

ducing LV hypertrophy, gender is one of the most no-  Role of prosthesis fluid dynamics
table as well as hypertension, diabetes and BMI. In our
study, gender and diabetes were unevenly distributed
between the groups, while for the BMI there was a
trend in being higher in the group with “inappropriate”
hypertrophy (Table 1). The gender issue was in line with
other studies in which was demonstrated that male
gender easily develops a higher LVM, fibrosis deposition
and LV dysfunction than females [34-36].

The role of patient-prosthesis mismatch in patients’
outcome has been debated for years. An incomplete
relief of the LVOT obstruction may sustain residual hy-
pertrophy [2] as it has already been shown. For this very
reason, in the past, the unsatisfactory performance of
stented valves had prompted to adopt stentless bio-
prostheses to attain low valve gradients, although, in
this regard, mixed results have been reported. More re-
LV mass regression phenomenon cently, a new generation of stented valves has become

available with improved fluid dynamics [14].
Although AVR is usually followed by a substantial LV P y [14]

mass regression [1,2,7], most patients do not normalize In the group with “appropriate” hypertrophy the ef-
their LV mass [2,3,8]. Our current study confirmed that ~ fect of the fluid dynamics of the bioprostheses on LV
numerous patients did not achieve LV mass normaliza- ~mass regression was apparent. The mean gradient and
tion. Indeed, the percentage of residual hypertrophy, the EOAi were independent from the pre-operative
was 61% and 33% (p = 0.08) for the “inappropriate” and  LVMi with the mean gradient that accounted for 12%
“appropriate” hypertrophy group respectively (Table 2). of the total variance. On the contrary, the fluid dynam-
We confirmed that the extent of the pre-operative LV  ic characteristics of the bioprostheses appeared not to
mass was the main factor predicting post-operative LV play any role in the group with “inappropriate” hyper-
mass regression in both groups, while secondary fac-  trophy, in which only the diabetes emerged as an inde-
tors differed according to the groups. Left ventricular ~pendent factor. In this group of patients, a key role on
mass regression is a process involving both interstitial  the hypertrophy development was probably played by
and myocytes compartments [19,22] and the value of ~ other hypertrophic stimuli more than simply the level
LV mass [3,19], at 1-year post-operatively, is correlated ~ of LVOT obstruction. Thus, once the valve obstruction

to the extent of pre-operative myocardial fibrosis, my- Was removed, the high propensity to regress of the hy-
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pertrophy due to the excess of the LV mass, might have
concealed any effect of the bioprostheses fluid dynam-
ics.

For this study we did not analyze the effect of the
type of prosthesis (stentless vs. stented) on LV mass
regression for two main reasons. Firstly, our previous
studies showed that, in term of fluid dynamic, both at
rest and under stress, and the leaflets kinematics the
two valves were equal [12,38,39]. Secondly, the distri-
bution of the stentless valves was 59% and 39% (p =
0.340) for “inappropriate” and “appropriate” groups
respectively.

Conclusion

LVM regression and normalization are a complex
phenomenon and are influenced by several factors. Pa-
tients with an excess of hypertrophy experienced the
largest hypertrophy regression with a full recovery in LV
function and size. In this group the LV mass had the pro-
pensity to regress regardless the residual valve gradient.
On the contrary, the fluid dynamics of the bioprosthe-
ses affected the hypertrophy regression in patients with
“appropriate” LV hypertrophy.

Limitations of the study

This study was conducted on a group of selected pa-
tients because one of the entry criterion for random-
ization was an EF of at least 50%. Thus, the assumption
made might be valid only for those patients with normal
or with mild LV disfunction. No data regarding post-op-
erative arterial pressure value and hypertensive thera-
py, in patients with hypertensive history, were available.
Although LV hypertrophy regression largely occurs with-
in the first two postoperative years, we can’t exclude
that part of the LV mass could continue to decrease for
several years at a slower rate.
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